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RESUMO

Ratos Wistar expostos por dois anos ao diuron (3-(3,4-diclorofenil)-1,1-dimetilureia) produto técnico
(PT) a 2500ppm pela racdo desenvolveram alta incidéncia de tumores uroteliais, sendo esse
herbicida classificado pela U.S. Environmental Protection Agency como "provavel cancerigeno para
0 homem". Durante a ultima década, nosso laboratorio tem realizado estudos sobre a toxicidade
urotelial do diuron PT fornecido pela racdo a ratos Wistar machos. Porém, o diuron na forma de
produto formulado (PF) ou comercial, composto por 50% de diuron PT e 50% de ingredientes
inertes, ndo tem sido avaliado em ratos. Em lagartos P. sicula machos expostos ao diuron PF a 50%
na concentracdo de 1100ppm na racdo ou na agua de beber, durante 3 semanas, houve toxicidade
direta no sistema reprodutivo com alteracdo na espermatogénese, morfologia do epididimo e
diminuicdo dos niveis plasmaticos dos horménios sexuais, sendo os efeitos mais severos nos grupos
gue receberam diuron na agua de beber. O presente estudo objetivou comparar o potencial tdxico do
diuron PF ou PT & 1250ppm oferecido pela racdo ou agua de beber no urotélio e nos parametros
reprodutivos de ratos. Cinquenta ratos Wistar machos de seis semanas de idade foram distribuidos
em cinco grupos (ragdo basal, ragdo com PF, 4gua de beber com PF, racdo com PT, agua potavel
com PT) e expostos ao diuron a 1250ppm por 13 semanas. Na eutandsia foram avaliados a
morfologia, concentracdo, motilidade e viabilidade dos espermatozoides. Os rins, figado, bago,
testiculos e epididimos foram retirados e pesados; os rins e testiculos processados para histologia. A
bexiga foi seccionada ao meio e processada para analise histolégica e para microscopia eletronica de
varredura (MEV). Todos os grupos expostos ao diuron tiveram diminuicdo do peso corpOreo
superior a 10%, comparados ao controle, indicando que a méaxima dose tolerada (MDT) foi excedida.
O consumo de racdo e de agua foi menor em todos 0s grupos expostos ao diuron. Nao houve
diferenca nos pesos absolutos e relativos de 6rgdos entre 0s grupos. Em todos 0s grupos expostos ao
diuron, os achados microscdpicos incluiram hiperplasia urotelial simples (HS) na pelve renal e na
bexiga & MEV. Diuron PF e PT induziram altera¢cbes na morfologia do esperma e diminuigdo da
motilidade, concentracdo e viabilidade dos espermatozoides. Esse estudo mostrou que o diuron é
nocivo ao urotélio e aos parametros reprodutivos de ratos Wistar machos, independentemente de

estar na forma técnica (PT) ou formulada (PF) ou se administrado pela ragéo ou pela agua de beber.

Palavras chaves: Diuron produto técnico, diuron produto formulado, bexiga, parametros
reprodutivos, microscopia eletrénica de varredura, citotoxicidade urotelial



ABSTRACT

Wistar rats exposed during two years to 2500ppm dietary diuron technical product (TP) (3-(3,4-
dichlorophenyl)-1,1-dimethylurea) developed high incidence of urothelial tumors, being classified by
the U.S. Environmental Protection Agency as a ‘‘known/likely human carcinogen’’. During the last
decades our laboratory conducted studies on the urothelial toxicity of the diuron (TP) provided
through diet to male Wistar rats. The diuron formulated product (FP) composed by 50% diuron TP and
50% inert ingredients, has not been evaluated in rats. The diuron (FP) was harmful to reproductive
system of male P. sicula lizards exposed to 1100ppm during 3 weeks; the toxic effects were more
prominent in the groups receiving diuron FP in drinking water. This study aimed to compare the
potential toxicity of diuron TP or FP 1250ppm offered through diet or drinking water on the
urothelium and reproductive parameters of rats. Fifty six-week old Wistar male rats were allocated to
five groups (basal diet, FP diet, FP drinking water, TP diet, TP drinking water) and exposed to
1250ppm diuron for 13 weeks. At the end, body weight and weight of kidneys, liver, spleen, testes and
epididymis, histopathology of the kidneys and testes and sperm parameters were evaluated. Urinary
bladders were bisected and processed for histologic and scanning electron microscopic (SEM)
analyses. At the end of the study, all groups exposed to diuron had decreased body weight gain
compared to control greater than 10%, indicating that for this experiment the dose exceeded the
maximum tolerated dose (MTD). Food and drinking water consumption was lower in the groups
exposed to diuron. There were no differences in the absolute and relative organ weights among the
groups. In all groups exposed to diuron, microscopic findings included simple urothelial hyperplasia
(SH) in the kidney pelvis and in the urinary bladder. By SEM, the urinary bladder had superficial
cytotoxicity in all groups exposed to diuron. Diuron FP and TP induced changes in the sperm
morphology and concentration, and decreased sperm motility and viability. This study showed that
diuron FP as well as diuron TP is harmful to the urothelium and to the reproductive parameters of

male Wistar rats, regardless of whether in a diet or drinking water.

Key word: Diuron technical product, diuron formulated product, urinary bladder, reproductive
parameters, scanning electron microscopy, urothelial cytotoxicity
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REVISAO DE LITERATURA

Exposi¢do ambiental e desenvolvimento de cancér de bexiga

O céancer urotelial de bexiga ¢ um dos tumores malignos mais comuns em humanos, com elevada
incidéncia e alta mortalidade. Em 2012, havia aproximadamente 430.000 novos casos de cancer de bexiga
em todo o mundo, e a doenca representava mais de 165.000 mortes (Torre et al., 2015). No Brasil, as
taxas em 2016 foram de aproximadamente 9.670 casos novos, sendo 7.200 em homens e 2.470 em
mulheres (INCA, 2016).

A relacdo entre o desenvolvimento de cancer de bexiga e a exposi¢do a substancias quimicas foi
descrita inicialmente pelo médico alemdo Rehn em 1895, ap6s documentar incidéncia crescente de
tumores uroteliais em trabalhadores da indUstria de corantes a base de anilinas. Mais tarde, foi constatado
que o fator de risco para o desenvolvimento do céncer era a amina aromatica 2-naftilamina, uma das
substancias corantes utilizadas nessas industrias (Johansson & Cohen, 1997).

Atualmente, sabe-se que o estilo de vida, fatores ambientais e exposi¢des ocupacionais Sdo as
condigdes de maior risco para o desenvolvimento do carcinoma urotelial (Crawford, 2008; Burger et al.,
2013; Czerniak et al., 2016). A exposicao a derivados do tabaco, aminas aromaticas, agrotdxicos ou
outros compostos, tém associagdo com alteracdes da bexiga até o desenvolvimento de cancer (Johansson
& Cohen, 1997; Brennan, et al., 2000; Siemiatycki et al., 2004). Outras possiveis condi¢des que podem
levar a doenca sdo a exposicdo a contaminantes presentes na agua, alimentacdo e susceptibilidade
genética (Pelucchi et al., 2006; Burger et al., 2013).

Segundo Oliveira et al., (2006) a bexiga de roedores é semelhante a dos seres humanos e pode
auxiliar no entendimento do processo cancerigeno. Ademais, o uso de roedores como modelo de
carcinogénese urotelial tém vantagens para abordar hipéteses especificas sobre o0s mecanismos

subjacentes a esta doenga.
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Exposicdo ambiental e alteracfes de parametros reprodutivos

Os produtos quimicos ou antropogénicos, liberados no meio ambiente, denominados
contaminantes emergentes, podem agir como desreguladores enddcrinos, causando efeitos adversos a
salde, alterando ou interrompendo o sistema hormonal e influenciando na sintese, secre¢do, transporte,
ligacdo ou na elimina¢do de horménios naturais do corpo (USEPA, 1997; Janex-Habibi et al., 2009;
WHO, 2012; USEPA, 2017; Solecki et al., 2017). Uma gama de produtos quimicos foi identificada
como desreguladores enddcrinos incluindo hormonios (naturais e sintéticos), agrotdxicos e plastificantes
(Diamanti-Kandarakis et al., 2009). O declinio na concentracéo e na qualidade do esperma tem relagdo
com contaminantes emergentes do ambiente e com o estilo de vida (Skakkebaek et al., 2006; Foster et
al., 2008). No caso dos agrotoxicos, a contaminacdo do meio ambiente ocorre como resultado de
aplicagdes diretas, ou indiretas através da lixiviacdo, escoamento e deposi¢do seca/Umida (CCME,
1999).

Os agrotoxicos podem agir como agonistas ou antagonistas de receptores hormonais como 0s
receptores de estrdgenos (ER) ou de androgenos (AR), alterando a acdo de horménios essenciais para
equilibrio do organismo e, consequentemente, 0s processos horménios-dependentes, como o

comportamento e a reproducéo (Le Blanc et al., 1997).

Herbicida diuron

O diuron (3-(3,4-dichlorofenil)-1,1-dimetilureia) é um herbicida derivado da ureia, amplamente
utilizado no meio agricola. Apresenta amplo espectro de acdo e é utilizado em aplicagdes pré e pos-
emergentes para o controle de plantas daninhas nas culturas de algoddo, cana de agucar e, alfafa, entre
outras (Roque & Melo, 2000; USEPA, 2003; APVMA, 2005). E facilmente absorvido pelas raizes das
plantas invasoras e tem como funcdo primordial inibir a fotossintese, bloqueando a producdo de
oxigénio (lyer, 2002; APVMA, 2005).

Nos anos de 2015, a producéao de soja, milho e cana-de-agucar foram as culturas predominantes

no Brasil. Os trés cultivos agricolas ocupam aproximadamente 76% de toda a area plantada no pais e
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foram os que mais consumiram agrotoxicos (Pignati et al., 2017). Os herbicidas representaram total de
111.858 toneladas e sdo os agrotoxicos mais utilizados no Brasil (SINDIGEV, 2016).

Com a producéo intensificada e a utilizacdo de herbicidas como primordial componente nesses
cultivos, existe grande preocupacao em relagdo aos potenciais impactos ao meio ambiente e a satde do
homem. De lenta degradacéo e de alta persisténcia, o diuron é considerado um poluente biologicamente
ativo no solo, sedimentos e na agua (Field et al., 2003; Giacomazzi & Cochet, 2004).

Os principais produtos de degradagdo ambiental do diuron séo a 3,4- dicloroanilina (DCA), a 3-
(3,4-diclorofenil)-1-metilureia (DCPMU) e a 3,4-diclorofenilureia (DCPU), que exibem alta toxidade
(Giacomazzi & Cochet, 2004).

O diuron é vendido para uso comercial na agricultura como produto formulado (PF) na
concentragdo de 50% e 80% de produto técnico e ingredientes inertes. A maioria dos estudos
experimentais utiliza o produto técnico (PT) diuron 98%, considerado sua forma pura. Estudos
experimentais em animais utilizando o diuron produto formulado (PF) ou produto comercial sdo raros.
Os defensivos agricolas ou agrotoxicos encontrados no mercado como PF contém um ou mais
ingredientes inertes ou adjuvantes, que sdo aditivos, solventes, estabilizadores e surfactantes
adicionados a produtos técnicos (PT) para aumentar sua eficacia (Foy, 1987). Estes ingredientes tém a
capacidade de solubilizar a substéncia ativa, aumentando sua penetracdo no organismo alvo, alterando
as caracteristicas fisico-quimicas da mistura para melhor eficiéncia, distribui¢do e reducéo das derivas
(Foy, 1987; Otero et al., 2003; Krogh et al., 2003). Os ingredientes inertes ou adjuvantes podem ser
adicionados ao herbicida durante a producdo do produto comercial ou adicionados a solucdo de
pulverizagdo como mistura. A concentragdo do ingrediente ativo do produto técnico no PF varia
conforme o fabricante, sendo comercializado em formulagfes ndo-aquosas concentradas, concentrados
emulsificantes, granulados e sprays (WSSA, 1994).

O etilenoglicol, a caulinita ou caolim e alquilfenois sdo algumas das substancias incluidas como
“ingredientes inertes” no diuron PF (Cox, 2003; Xie et al., 2005; Felicio, 2017). O etilenoglicol provoca
riscos para a salde que incluem irritacdo da garganta e do trato respiratorio superior, toxicidade renal e

aumento da incidéncia de malformacdes fetais (USEPA, 1999). Camundongos fémeas gravidas expostas
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a 0, 150, 1000 ou 2500 mg/m3 de etilenoglicol aerossolizado durante 6 horas por dia mostraram
diminuicdes significativas no nimero de fetos vivos, que apresentaram alta incidéncia de malformagdes
externas, viscerais e esqueléticas em exposi¢cdes maiores ou iguais a 1000 mg/m3 (Tyl et al., 1995). Ja a
exposicdo ocupacional a caulinita, um argilo-mineral de aluminio hidratado, aumentou o risco para
cancer de pulméo (Szadkowska-Stanczyk, 2001).

Em ratos, os principais alvos de toxicidade do diuron sdo o sistema hematopoiético e a mucosa
urotelial (USEPA, 1997; lyer, 2002). Em animais como peixes machos Tilapia do Nilo da espécie
Oreochromis niloticus (Pereira et al., 2015) e lagartos machos da espécie Podarcis sicula (Cardone et

al., 2008) sdo descritas alteragdes nos parametros reprodutivos.

Diuron produto técnico (PT) e toxicidade no sistema hematopoiético

O diuron exerceu efeitos hemotdxicos e no baco de ratas Sprague-Dawley tratadas a 250, 500 e
1000 mg/kg pela racdo por 14 meses. Foi observado aumento dos pesos relativos e da pigmentacéo
(hemossiderina) na polpa vermelha do baco. Ainda, houve aumento da formacdo de metahemoglobina,
ocasionando anemia secundaria e aumento dos eritrocitos anormais, além de diminuigdo na
concentragdo de hemoglobina e reducdo no namero de globulos vermelhos saudaveis (Wang et al.,
1993).

Ratos Wistar machos expostos ao diuron nas concentragdes de 1250 e 2500ppm pela ragéo por
14, 28 ou 90 dias apresentaram sinais gerais de toxicidade como reducdo de ingestdo de alimentos,
aumento dos pesos relativos do bago, rins e figado, e niveis séricos elevados de alanina
aminotransferase (ALT), albumina, proteina total, creatinina e ureia nos dias 28 e 90 dias de tratamento;
a concentracdo de 125ppm representou 0 NOAEL para esses efeitos. O estudo indicou toxicidade orgéo-
especifica no bagco, com severa deplecdo de células brancas, diminui¢do do nimero de linfécitos T CD4
(+), hematopoiese extramedular aumentada e deposicdo de hemossiderina na polpa vermelha
(Domingues et al., 2011). O aumento do peso do baco e a esplenomegalia séo reconhecidos como
efeitos adversos induzidos por diuron em ratos (USEPA, 2003; APVMA, 2005; Cardoso et al., 2013;

Fava et al., 2015)
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Diuron produto técnico (PT) e carcinogénese urotelial

Evidéncias experimentais indicam que o diuron é cancerigeno para a bexiga de ratos. Estudo
com ratos Wistar de ambos os sexos alimentados com o diuron nas concentracbes de 0, 25, 250 e
2500ppm por dois anos mostrou que a dose mais elevada de 2500ppm (111mg/kg/day) induziu a
formacéo de papilomas e carcinomas uroteliais na bexiga e na pelve renal dos ratos; a concentracdo de
250ppm provocou aumento da incidéncia de hiperplasia urotelial (USEPA,1987, 2003; lyer, 2002;
APVMA, 2011). Por esse fato, a Environmental Protection Agency classificou o diuron como “provavel
cancerigeno para o homem” (USEPA, 1997). Devido aos seus efeitos adversos, em alguns paises da
Europa como a Dinamarca, Alemanha, Suécia e o Reino Unido sua utilizacdo foi banida ou restrita
(APVMA, 2011).

A carcinogénese urotelial em ratos ocorre por meio de uma sequéncia de alteragdes
morfoldgicas que comegam com hiperplasia simples e progridem para hiperplasia papilar e nodular,
papilomas e, em ultima instancia, neoplasias (Cohen et al., 2002). A hiperplasia simples é considerada
uma condicdo predisponente para a carcinogénese da bexiga e tem relacdo direta com a dose e duragdo
do estimulo carcinogénico (Cohen, 1998).

O modo de acdo (MoA) pelo qual o diuron e seus metabdlitos induzem lesGes uroteliais ndo esta
relacionado com alteragdes da composicao urindria (da Rocha et al., 2010) e nem com genotoxicidade
(Nascimento et al., 2006). Os eventos-chaves envolvidos no desenvolvimento da carcinogénese urotelial
incluem ativacdo metabolica, particularmente N-(3,4-dichlorofenil)uréia (DCPU) e 4,5-dichloro-2-
hidroxifenil uréia (2-OHDCPU), citotoxicidade, degeneracdo celular, esfoliacdo e necrose seguidas de
hiperplasia regenerativa e eventualmente formagé&o de tumores (da Rocha et al., 2010, 2012, 2014; Fava
etal., 2015).

A avaliagdo do perfil global da expressdo génica de células uroteliais da bexiga urinaria de ratos
expostos por 7 dias ou 20 semanas a diferentes concentracbes do diuron administrado pela racdo
mostrou uma evidente separacdo entre 0s grupos de altas concentra¢fes (1250 e 2500ppm) dos de

baixas concentragdes (125ppm e 500ppm) (lhlaseh et al., 2011; 2014). Este perfil dose-resposta ocorreu
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também na incidéncia de lesdes morfoldgicas, conforme demonstrado por estudo de 20 semanas
(Cardoso et al., 2013).

Diuron a 2500ppm administrado pela racdo aumentou a incidéncia de hiperplasia urotelial
simples (HS) e o indice de proliferacdo celular a partir de 15 semanas de exposi¢do (Nascimento et al.,
2006; da Rocha et al., 2010; Cardoso et al., 2013; Fava et al., 2015). Ainda, apds 20 semanas, estudos de
dose-resposta mostraram que a concentracdo de 1250ppm (55mg/kg/dia) induziu as mesmas alteracbes
transcricionais (Ihlaseh et al., 2011) e morfolégicas (lhlaseh et al., 2011; Cardoso et al. , 2013)
detectadas na de 2500ppm.

O potencial promotor do diuron na carcinogénese mamaria e urinaria foi investigado em
camundondos Swiss fémeas expostos a dois carcindgenos iniciadores 0 DMBA (7,12-dimetilbenz (a)
antraceno) e o BBN N-butil-N- (4-hidroxibutil) nitrosamina administrados por gavagem por seis
semanas e o diuron a 1250 e 2500 pela racéo até a 20% semana. Evidenciou-se incidéncia aumentada de
hiperplasia urotelial simples na bexiga de todos os grupos, dois carcinomas uroteliais no grupo iniciado
(DMBA e BBN) e expostos ao diuron 2500ppm. O resultados indicaram que o diuron é promotor para a

bexiga, mas ndo para a glandula mamaéria (Moura et al., 2010).

Diuron produto técnico (PT) e alteraces nos parametros reprodutivos

Os herbicidas derivados da ureia podem atuar em receptores hormonais e afetar os niveis de
horménios pituitarios que atuam nos sistemas reprodutivos masculinos e femininos (Cook et al., 1993;
lyer, 2002). De fato, em experimentos in vitro o diuron e outros herbicidas da familia fenilureia
mostraram capacidade de se ligar a receptores de androgenos, alterando a fungdo normal do organismo
(Bauer et al., 1998).

Em ratos expostos durante 10 semanas ao isoproturon, um herbicida da familia fenilureia,
detectou-se efeitos testiculares como reducdo dos tubulos seminiferos, diminuicdo do numero de
espermatozoides e da porcentagem de espermatozoides moéveis, e aumento da porcentagem de

espermatozoides morfolégicamente anormais (Sarkar et al., 1997). A redugdo na porcentagem de
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espermatozoides moveis pode estar associada a anormalidades estruturais ou metabolicas derivadas de
funcéo testicular alterada ou fatores anti motilidade no plasma seminal (WHO, 2010).

Em peixes Oreochromis niloticus (Tilapia do Nilo) machos a exposi¢do ao diuron (PT) ou aos
seus metabolitos 3,4-dicloroanilina (DCA), 3,4-dichlorophenylurea (DCPU) e 3,4-diclorofenil-N-
metilureia (DCPMU) provocou diminuices de niveis de testosterona e de 11-cetotestosterona sérica, do
indice gonadossomatico, do diametro dos tubulos seminiferos e das porcentagens médias de células
germinativas, caracterizando aquelas substancias como anti-androgénicas, nocivas ao sistema
reprodutivo desses animais (Pereira et al., 2015).

Pardmetros endocrinos e de biomarcadores enzimaticos foram estudados in vitro, no figado,
cérebro e branquias de tilapias do Nilo (Oreochromis niloticus) expostas ao diuron PT, seus metabolitos
(DCPMU, DCPU e DCA) e alquilfendis (substancias inertes utilizadas também na formulagdo do
herbicida diuron), em diferentes concentracGes, por 7 dias. Estes compostos em associagdo ou nhao,
induziram alteragbes nos pardmetros analisados, confirmando que podem ser considerados
desreguladores enddcrinos (Felicio, 2017).

Em estudo de toxicidade reprodutiva com o diuron, ratos Wistar expostos a 125 ou 250 mg/kg
durante 30 dias ndo mostraram diferencas em relacdo ao grupo controle nas concentracfes plasmaticas
de testosterona, producdo diaria de espermatozdides, reservas de esperma no epididimo e morfologia
dos epermatozoides. No entanto, o nimero de fetos nas ninhadas de ratos expostos ao diuron foi menor
(p<0,05) do que das ninhadas de ratos do grupo controle (Fernandes et al., 2007).

Para avaliar se o diuron altera a puberdade ou vulnerabilidade a carcinogénese mamaria, ratas
Sprague-Dawley prenhes receberam racdo basal ou ragdo com diuron a 500, 750 e 1250 ppm a partir
do dia 12 de gestacdo até o final da lactacdo. Ap6s o desmame, a prole feminina continuou a receber
racdo basal ou ragdo com diuron PT até os dias pos-natal (PND) 51, 75, 226 a 233. Nao houve
diferencas entre os grupos com relagdo a abertura vaginal, ciclo estral, e morfologia da mama. No
entanto, foram evidenciadas redugdes no peso do ovério e do corpo liteo em ratas tratadas com diuron

1250ppm no PND 75 (Grassi et al., 2011).
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O diuron, fornecido pela agua de beber nas concentra¢Bes de 2500, 5000, 10000, 20000 ou
40000ug/L durante 48 horas ou 96 horas, induziu efeitos teratogénicos, levando a malformac6es no
desenvolvimento da cabeca, corpo e cauda e aumento significativo da mortalidade do embrido-larva do
peixe rodaballo (Psetta maxima). Os organismos que sobreviveram sofreram diminuicdo significativa no
sucesso da incubacdo, malformacBes na cabecga, corpo e cauda e edema pericardico. Os efeitos
observados foram mais severos nos grupos de embrides-larva expostos a altas doses (Mhadhbi & Beiras,

2012).

Diuron produto formulado (PF) e parametros reprodutivos

Ratas Wistar prenhes expostas ao diuron PF (80% de diuron PT adicionado a 20% de
ingredientes inertes) por gavagem do 6° ao 15° dia de gestacdo apresentaram aumento significante de
fetos malformados nas doses de 250 e 500 mg/kg/dia de exposi¢do, foi também observado diminuicdo
do peso fetal médio a dose de 500 mg/kg/dia (Khera et al., 1979).

Em lagartos Podarcis sicula machos o diuron PF (50% de diuron TP adicionado a 50% de
ingredientes inertes) alterou a espermatogénese, morfologia do epididimo e secrecdo de esteroides sexuais
plasmaticos, indicando toxicidade reprodutiva masculina direta. Os animais foram expostos pela agua e
terrarios contaminados com diuron PF. As alteracGes ocorreram em todos 0s grupos tratados com diuron
PF, contudo as lesdes foram de maior magnitude nos lagartos expostos em &gua e terrarios ou agua,
alimentos e terrarios contaminados com diuron (Cardone et al., 2008).

A maioria dos estudos experimentais utilizam o diuron produto técnico (PT) e sdo raros 0s
estudos com produtos formulados (PF) ou comerciais para determinar efeitos adversos. Nao se sabe se
os ingredientes inertes contidos no diuron PF poderiam potencializar seus efeitos no urotélio e nos
parametros reprodutivos em ratos. Assim, desenvolvemos o presente estudo com objetivo de comparar o
potencial toxico do diuron PF e diuron PT na concentracdo de 1250ppm oferecido pela racdo ou agua de
beber, no urotélio e nos pardmetros reprodutivos de ratos Wistar machos durante o periodo de 13
semanas (90 dias), que corresponde a duracdo de um estudo subcrénico convencional em roedores

(OECD, 1998).
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Abstract

ABSTRACT

Diuron (3-(3,4-Dichlorophenyl)-1,1-dimethylurea) is a herbicide widely used in Brazil. Wistar rats
exposed for two years to 2500ppm dietary technical product (TP) of diuron developed a high
incidence of urothelial tumors of the urinary bladder and kidney pelvis, greater in males compared to
females, and it was classified by the U.S. Environmental Protection Agency as a ‘‘known/likely
human carcinogen’’. Studies of the urothelial toxicity by diuron (TP) provided through the diet to male
Wistar rats have established the dose response and mode of action. The dietary influence of the
diuron-formulated product (FP), composed of 50% TP and 50% inert ingredients or adjuvants, has not
been evaluated in rats. The present study was designed to compare the potential toxicity of diuron FP
or TP at 1250ppm offered through diet or drinking water on the urothelium and reproductive
parameters of rats. Fifty six-week old male Wistar rats were randomly allocated to five groups (Gl:
Basal diet, GlI: FP diet, GllI: FP drinking water, GIV: TP diet, GV: TP drinking water) for 13 weeks.
Diuron concentration was 1250ppm for groups GIll — GV. Body, kidney, testis and epididymis
weights, kidney and testis histopathology, and sperm parameters were evaluated. Urinary bladders
were bisected and processed for histologic and scanning electron microscopic (SEM) analyses. At the
end of the study, all groups exposed to diuron had decreased body weight gain compared to control
greater than 10%, indicating that for this experiment the dose exceeded the maximum tolerated dose
(MTD). Food consumption was lower in the groups exposed to FP and TP diuron through diet. Water
consumption was lower in all diuron groups, mainly in those exposed through the drinking water.
There were no differences in the absolute and relative organ weights among the groups. In all groups
exposed to diuron, microscopic findings included simple urothelial hyperplasia (SH) in the kidney
pelvis (GlI 5/8, GllI 7/10, GIV 8/10, and GV 9/10, respectively) and in the urinary bladder. By SEM,
the urinary bladder had superficial cytotoxicity in all groups exposed to diuron. Diuron FP and TP
induced changes in the sperm morphology and concentration, and decreased sperm motility and
viability. This study showed that diuron FP as well as diuron TP is harmful to the urothelium and to

the reproductive parameters of male Wistar rats, regardless of whether in a diet or drinking water.

Key word: Diuron technical product, diuron formulated product, urinary bladder, sperm parameters,
scanning electron microscopy, cytotoxicity
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Introduction

INTRODUCTION

Diuron [3-(3,4-Dichlorophenyl)-1,1-dimethylurea] is a herbicide belonging to the
phenylamide family and subclass of phenylureas that is efficient in controlling weeds amongst cotton,
sugarcane, soybean, citrus fruit, coffee and other agricultural crops (Giacomazzi & Cochet, 2004;
Oturan et al., 2008). It is absorbed in the weed roots and prevents oxygen production by
photosynthesis inhibition (APVMA, 2005). Following applications to the soil, diuron has been shown
to undergo run-off to rivers and lakes (Lamoree et al., 2002; Gooddy et al., 2002; Matallo et al., 2003).
The U.S. Geological Survey 2000 identified diuron in about 20% of United States rivers being a
widespread water contaminant. In soil, diuron has a half-life of about 90 days (USDA, 1995), but due
to its physicochemical properties it is considered an active biological pollutant and can remain in the
environment for long times when applied in agriculture (Field et al., 2003; Giacomazzi & Cochet,
2004). For these reasons, its potential toxicity in humans, animals and the environment raise concern,
requiring a range of studies to evaluate its toxic potential and to evaluate the dose response and mode
of action of any toxicities that are identified.

The diuron formulated product (FP) consists of inert ingredients or adjuvants (substances that
include additives, solvents, stabilizers and surfactants) added to diuron TP which ’modifies and aids
the action of the main ingredient’’ (Foy, 1987). Basically, these inert ingredients or adjuvants are used
to optimize the action of the active compound, increasing the penetration in the target organism,
solubilizing the active substances, altering the chemical and physical characteristics of the mixture for
better application efficiency, distribution and drift reduction in agricultural crops (Otero et al., 2003;
Krogh et al., 2003). Studies using diuron FP are not common, but 1250ppm diuron FP is the substance

used on agricultural crops which farmers, animals and environment are exposed.

Most experimental studies of diuron have used the technical product (TP) that contains 98%
active ingredient. Wistar rats exposed to high concentration (2500ppm) of diuron TP in the feed for 2
years developed high incidences of urothelial tumors, with a greater effect in males than females. No

carcinogenic effect was identified in mice (lyer, 2002). Based on these studies, it was classified by the
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U.S Environmental Protection Agency as a “known/likely human carcinogen” using its older cancer
guidelines (USEPA, 1997). Its classification based on the USEPA Cancer Guidelines (2005), which
incorporates information regarding mode of action and dose response, has not been assessed. In our
laboratory, studies with male Wistar rats fed diuron TP at 1250 and 2500ppm for 20 weeks showed
increased urothelial simple hyperplasia (SH) and increase cell proliferation (increased labeling index)
in the urinary bladder and kidney pelvis. By scanning electron microscopy (SEM) the urinary bladder
showed superficial necrosis, exfoliation and simple hyperplasia (Nascimento et al., 2006; da Rocha et
al., 2010, 2014; Cardoso et al., 2013; Fava et al., 2015). The mode of action for the urothelial tumors
involves metabolism, concentration and excretion of cytotoxic metabolites, cytotoxicity and increased
regenerative cell proliferation (da Rocha et al., 2014).

Diuron TP and other herbicides from the phenylurea family have shown in vitro ability to bind

to androgen receptors (Bauer et al., 1998), but in vivo corroboration has not been reported.

In a reproductive toxicity study, evaluation of plasma testosterone concentrations, parameters
of daily sperm production, sperm reserves in the epididymis, sperm morphology and measured
components of male sexual behavior in Wistar rats exposed to diuron TP at doses 125 or 250 mg/kg
per day for 30 days, did not show differences between diuron and control groups. However, the
number of fetuses in the litters from diuron-treated rats was slightly less than litters from control rats

(p<0.05) (Fernandes et al., 2007).

The possible adverse effects on the male reproductive system, Sprague-Dawley pregnant rats
received a diuron TP diet of 500 or 750 ppm through the lactation period were evaluated. After
weaning, the male offspring received diet containing diuron until the peripubertal age. Male offspring
exposed to diuron had reduced body weight, but diuron did not induce significant changes in daily
sperm production, morphology, sperm motility, and testosterone levels. Moreover, no histological

changes were observed in the reproductive organs (Fernandes et al., 2012).

To assess if diuron TP alters puberty or susceptibility to breast carcinogenesis, pregnant
Sprague-Dawley rats received a basal diet or diuron (TP) diet at 500, 750 and 1250 ppm from day 12

to the end of lactation. After weaning, the female offspring continued to receive basal diet or diuron
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diet until postnatal day (PND) 51, 75 and 226 to 233. There were no differences between groups in

vaginal opening, estrous cycle, breast morphology or carcinogenesis. However, reductions in ovary
weight and corpora lutea were identified in rats treated at diuron 1250 ppm at PND 75, showing

potentially toxic (Grassi et al., 2011).

In a two-generation reproduction study, CRL: CD rats exposed to diuron (TP) 1750ppm, the
F1 and F2 offspring showed decreased body weight, but no effects were observed on testicular weights

or histologic changes in testes, epididymis, prostate and seminal vesicle (USEPA 2003, 2004).

Pregnant Wistar rats exposed from sixth to the 15" day of gestation to 80% diuron added to
20% inert ingredients (FP Karmex®) at 125, 250 or 500 mg/kg/day by esophageal intubation, had
increase of malformed fetuses in 250 and 500 mg/kg/day and decreased mean fetal weight at the 500
mg/kg /day (Khera et al., 1979).

Diuron FP (50% diuron TP added to 50% inert ingredients) in male lizards Podarcis sicula
changed spermatogenesis, epididymis morphology and plasma sex steroid secretion, indicating direct
male reproductive toxicity. Besides the control group, lizards were divided into three groups placed for
3 weeks in terraria on polluted soil substrate sprayed with 3.75 L/ha of herbicide 50%. Each terrarium
was supplemented either water, or food or both water and food contaminated with diuron. All changes
observed occurred in all herbicide-treated groups with greater magnitude in lizards exposed in water or
water and food contaminated (Cardone et al., 2008).

The present study was designed to compare the potential toxicity on the rat urothelium and
reproductive parameters of 1250ppm diuron FP or TP and to compare the effects when administered in

the diet or drinking water.
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MATERIAL AND METHODS
Experimental outline

This study was approved by the Committee for Ethics in Animal Experimentation of the
UNESP Medical School, SP, Brazil, protocol No. 1181/2016. Fifty six-week old male Wistar rats were
obtained from the Multidisciplinary Center for Biological Investigation (CEMIB, UNICAMP, Campinas,
SP, Brazil). The chemicals used were diuron technical product (CAS No. 30-54-1; Sigma Chemical Co.,
St Louis, MO, USA, 98% purity) and diuron formulated product (MAPA No. 08895, NORTOX®,
Arapongas, PR, Brazil, 50% m/v). They were mixed into a powdered commercial diet (Nuvilab CR1,;
Nuvital Nutrientes S/A, Colombo, PR, Brazil) or were mixed into drinking water (tap water) at final
concentrations of 1250ppm of diuron. To solubilize the diuron in water, three to five drops of Tween® 20
(CAS No. 9005-64; Sigma Chemical Co., St Louis, MO, USA) were added to the substance,
homogenized and after water was added.
After two weeks of acclimation, the rats were randomized and allocated to five
experimental groups of ten animals each, according to body weights: Group | (GI) Basal diet; Group Il
(GII) diuron formulated product (FP) in diet; Group I (GIII) diuron formulated product (FP) in drinking
water; Group IV (GIV) diuron technical product (TP) in diet; Group V (GV) diuron technical product
(TP) in drinking water. The animals were housed in polypropylene cages (five animals/cage) with metallic
grill covers and corncob bedding in a room with a targeted temperature of 21 + 3°C and relative humidity of
50 £ 20%, on a 12h light/dark cycle, with the lights changing at 7:00 and 19:00. Water and diet were
provided ad libitum for 13 weeks. Body weights and water and food consumptions were determined at the
commencement and at every other week during the experiment (Figurel). The test protocol of 13 weeks
(90 days) was chosen as conventional subchronic study in rodents (OECD, 1998).

After treatment for 13 weeks, animals were anesthetized with a mixture of ketamine (80ml, 90
mg/Kg) and xylazine (2%, 10-13 mg/kg) injected intraperitoneally. The spermatozoa were collected from
the left vas deferens for sperm analysis between 7:30 and 9:30 AM, one from each group, alternated and
non-fasted overnight. The urinary bladder was exposed, inflated by intraluminal injection through urethra

with Bouin’s fixative, removed quickly and immersed in the same fixative for 4hr. Immediately after, the
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animals were euthanized under anesthesia by opening the abdominal cavity and sectioning the inferior

vena cava. The right testis, epididymis, seminal vesicle (with seminal secretion), both kidneys, spleen and
liver were removed and weighed, then placed in fixative. The right testis was placed in modified
Davidson’s fixative for 24h (Latendresse at al., 2002; Kittel et al., 2004). The other tissues were fixed in
buffered formalin.
Histological and Scanning Electron microscopy (SEM) processing and analyses

After 4hr fixation, the urinary bladders were cut mid-sagittally and rinsed three times in 70%
alcohol. One-half of each bladder was cut longitudinally into four segments, which were embedded in
paraffin blocks and stained with hematoxylin and eosin (H&E) after sectioning. The urinary bladders
of all animals were analyzed by light optical microscopy (Olympus Optical Co., Ltd, Japan) for
histopathology using the diagnostic criteria of Cohen (1983). The other half of the urinary bladders was
processed for scanning electron microscopy (SEM) (Haddad et al., 1998) and analyzed in a Scanning
Electron Microscope (Carl Zeiss Model EVO LS15, Cambridge UK) at the Department of Physics of
UNESP’s Bauru School of Sciences, SP, Brazil. The urothelial alterations were classified in five
categories according to Cohen et al. (2002). Normal urothelium and slightly altered mucosa are included
in Classes 1-3, and altered mucosa is classified in Classes 4 and 5. The LM and SEM analyses were
performed blindly.

After 24hr fixation, the right testis was cut into three slices and rinsed three times in 70% alcohol.
The middle slice was embedded in paraffin, cut in 5um thick sections and stained H&E. The seminiferous
tubules were analyzed by LM and classified as normal or abnormal including the presence of acidophilic
cells, multinucleated cells, spermatids retained in the epithelium, intraepithelial vacuolization, germinal
lineage cells in the tubular lumen, or degeneration or depletion of any cell of the tubules according to
Foley (2001).
Sperm analyses

All spermatozoa present in the left vas deferens were collected and diluted in 1ml of modified
HTF medium (Ham Nutrient F-10 Modify; Cultilab, SP, Brazil) for the evaluation of sperm

concentration, motility, vitality and morphology (luminal sperm content in the vas deferens). Sperm
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One hundred spermatozoa/animal were evaluated per 10-pl drop in the five drops analyzed from each
sample under a bright field microscope (Olympus Optical Co., Ltd, Japan) at 100x magnification. The
proportion of spermatozoa immotile, motile with progression and motile with progressive movement was
recorded. The spermatozoa viability was performed by the eosin-nigrosine method (WHO, 2010). One
hundred spermatozoa from each animal were evaluated using a bright field microscope (400x
magnification) and were classified as either dead (if they were orange-red in color, indicating that the
stain had passed through the membrane) or alive (if they were not stained). The results were expressed as
the percentage of live sperm. To evaluate sperm morphology, smears were prepared on histological slides,
stained with Papanicolaou stain and observed by LM at a magnification 1000x. Spermatozoa were
classified as normal or abnormal (Seed et al., 1996; WHO, 2010). All sperm analyses were performed by
blind visual estimation.
Statistical Analysis

Absolute and relative body weights, food and water consumptions, Absolute and relative organ
weights and parametric semen analysis were initially compared by ANOVA among the experimental
groups; when a significant (p< 0.05) difference was detected, it was followed by the Tukey test. The
Fisher exact test was used to analyze the incidences of urinary bladder lesions verified by LM and SEM.
For sperm concentration, the non-parametric Kruskall-Wallis test was used, with a posteriori Dunn test,

according to the characteristics of each variable. Differences were considered significant at p < 0.05.
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RESULTS

Final mean body weight and weight gain of diuron groups were significantly decreased
(p<0.05) compared to GI (Basal diet). The decrease in weight gain compared to control was greater
than 10%, indicating that for this experiment the dose exceeded the maximum tolerated dose (MTD).
Accordingly, the GIl and GIII groups had significant reductions in body weight gain (up to 17 and
19%, respectively) and GIV and GV groups (up to 24 and 23%, respectively) lower than control.
During the experiment, the food consumption was significantly decreased (p<0.05) in the GlI
(diuron FP in diet) and GIV (diuron TP in diet) groups compared to other groups (Gl, Glll and GV).
Water consumption was significantly decreased in the Glll and GV (diuron FP and TP in water)
groups compared to Gl and GIl (p<0.05). Diuron intake was higher in the GlIl and GV groups
(diuron in water) compared to Gll and GIV groups (diuron in diet) and significantly higher (p<0.05)
in the GV group (Table 1).

There were no significant differences in the mean absolute and relative organ weights
among the groups after 13 weeks of the study (Table 2, 3). Although not significant, the spleen
weight was slightly increased in all diuron groups compared to controls. Increased spleen weight and
splenomegaly have been previously recognized as a diuron-induced effect in the hematopoietic
system (USEPA 2003; APVMA: 2005; Cardoso et al., 2013; Fava et al., 2015).

There were no significant differences among the groups in the incidence of histopathologic
lesions in the urinary bladders, but the in kidneys pelvis simple hyperplasia (SH) was observed in all
diuron groups at significantly higher rates compared to control (p< 0.05) (Table 4, Figure 2). In
addition, there were no significant incidences of lesions in the testis, epididymis and seminal vesicles
among the groups. In the testis, minimal foci of depletion, degeneration and intraepithelial
vacuolization were identified in seminiferous tubules of all groups, including controls, and were

considered normal (data not shown).
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By SEM (Table 4, figure 3) significant urinary bladder cytotoxicity was observed in all groups

exposed to diuron compared with control (p<0.05). The GII and GlII groups (FP) show tended to
more severe alterations compared to GIV and GV groups (TP), but not statistically significant.

All diuron groups showed decreases of spermatozoa concentration compared to the GI (Basal
diet) (p<0.05). The percentages of mobile, live sperm and of normal morphology were decreased
significantly in all diuron groups compared to the control (p<0.05) (Table 5).

Two animals from the GII group were euthanized and excluded in the first month from the
experiment due causes unrelated to treatment; one animal had a spontaneous tumor (lymphoma) and

the other had occluded teeth.

33



Discussion

DISCUSSION

The current study compared diuron FP and diuron TP at a concentration of diuron itself at
1250ppm, administered through the diet or drinking water for 13 weeks. Simple urothelial
hyperplasia in the kidney pelvis and urinary bladder (not statistically significant in the bladder) and
SEM ultra-structural changes of necrosis, exfoliation and simple hyperplasia in the urinary bladder,
were observed. In addition, slight alterations in sperm parameters were detected, but without
histologic changes in the testis or in other male reproductive organs.

Food consumption and water consumption were decreased with diuron treatment in the diet
and drinking water, respectively, suggesting that there were some palatability issues. Overall, it
appears that FP and TP gave similar results by both routes of administration, suggesting that the inert
materials in FP diuron did not affect the toxicokinetics or toxicodynamics of diuron. Whether FP and
TP behave the same in other species is unknown.

There were no significant differences between the relative and absolute organs weights of
spleen, kidneys, liver, testis, epididymis or seminal vesicle among the groups. Although not
statistically significant, the relative weight of the spleen was higher in the groups exposed to diuron
compared to controls, consistent with observations in previous long term studies (APVMA, 2005).
Nevertheless, it suggests that the slight changes in spleen parameters were most likely related to this
systemic toxicity rather than a chemical specific effect.

The 13-week exposure period seemed insufficient to produce statistically significant
morphologic alterations in the urinary bladder by LM in the present study. However, we observed
significant simple hyperplasia in the kidney pelvis in all groups, indicating that 1250ppm
concentration and the exposure time did produce a toxic effect on the urothelial mucosa. Furthermore,
cytotoxicity of the urinary bladder urothelium was detected by SEM. The structure and function of
the rodent lower urinary tract is remarkably similar to humans (Oyasu, 1995). It extends from the

kidney pelvis through the ureters, urinary bladder, and into the urethra (Squire, 1998), and is lined
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“with the urothelium. Agents affecting one part of lower urinary tract usually affect all parts, but often
to a different extent.

Hyperplasia in the urinary bladder and kidney pelvis of male Wistar rats has been
demonstrated at diuron TP concentrations of 500, 1250 and 2500ppm administered for 20 weeks
(Nascimento et al., 2006; da Rocha et al., 2010; Ihlaseh et al., 2011; Cardoso et al., 2013; Fava et al.,
2015). In a short-term study (1, 3 and 7 days), male Wistar rats fed diuron TP 2500ppm showed
swollen cells by SEM as the initial change caused by diuron cytotoxicity (da Rocha et al., 2012). In
the present study, changes in the urinary bladder were detected by SEM in all diuron groups,
regardless of the form (FP or TP) or route of exposure (diet or drinking water). Although, the SEM
alterations appeared somewhat more intense in GlIlI (diuron FP in drinking water), the SEM
classifications were statistically similar between groups.

No significant morphological changes were seen in the testis by light microscopy. Our results
are consistent with the findings of Fernandes et al. (2007) in a 30-day study of reproductive toxicity of
diuron TP, with no morphological alterations observed in the reproductive organs, but the number of
fetuses in the litters from diuron-treated rats was slightly less than litters from control rats. Besides we
did not observed any morphological changes in the testis or other male reproductive organs, we did
detected small but consistent and statistically significant changes in sperm parameters in all diuron-
treated groups. This occurred with a dose that in the present study produced a decreased body weight
gain greater than 10% in all diuron-treated groups, which indicates that it was above MTD. Previous
studies from our laboratory using concentrations of diuron up to 2500ppm also exceeded the MTD
(Nascimento et al., 2006; da Rocha et al., 2010; lhlaseh et al., 2011; Fava et al., 2015). It is known that
excessive toxicity of a test chemical may compromise the usefulness of study and or the quality of the
data generated (OECD, 2002, 2010).

However, due to its physicochemical properties, diuron can remain in the environment for a
long time and thus is considered a biologically active pollutant requiring in appropriate risk
assessment and appropriate measures to reduce exposure as much as possible (Field et al., 2003;

Giacomazzi and Cochet, 2004).
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In summary, this study indicated that 1250ppm diuron is toxic to the urothelium and sperm

parameters of male Wistar rats, regardless of whether administered as TP or FP or administered in the
diet or drinking water. The changes on various sperm parameters but without histologic alteration on
the testis or other male reproductive organs and could be related at a dose that was in excess of the

MTD in this study.
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Figure 1: Experimental design
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Figures and Tables

Table 1: Mean body weights and food and water consumptions of Wistar rats exposed to

diuron 1250ppm FP or TP for 13 weeks

Groups N Body weight(g) Consumption

Initial Final Gain Food Water Diuron

(g/rat/day)  (ml/rat/day) (mg/rat/day)

Gl: Basal diet 10 173+12 530+48 355+50 25.9 412 -
GlII: Diuron FP in diet 8 182+10 478 +43° 295+ 39° 22.6° 39.2¢ 27.9¢
GlIl: Diuron FP inin drinking water 10  168+11  458+23" 290 +22° 237 27.6¢ 34.9°¢
GIV: Diuron TP in diet 10 184+14 455+33° 271+36° 21.2° 34.4 26.5°¢
GV: Diuron TP in drinking water 10 183+17 456+41° 274+32° 245 30.4¢ 38.0

2Values are expressed as mean +SD., one-way ANOVA, Tukey’s test (p<0.05); FP: Formulated product/ TP: Technical product

N= Effective number of animals

b Different from basal diet

¢ Different from GIIl and GV

d Different from basal diet and GlI
¢ Different from GV
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Figures and Tables

Table 2: Organ weights of Wistar rats exposed to diuron 1250ppm FP or TP for 13 weeks

Groups N Absolute organ weight? (g) Relative organ weight? (g/kg b.w.)
Liver Spleen Kidneys Liver Spleen Kidneys
GI: Basal diet 10 2277+933 130+047 379+145  427+157 024+008 0.71+0.24
GII: Diuron FP in diet 8 20.05+7.12 1.82+0.58 317+1.05 425+161 0.38+0.13 0.67 £0.24
Glll: Diuron FP in indrinking water 10  18.25+543 1.67+0.79 3.77+135 400+1.16 0.36+0.17 0.82 £0.29
GIV: Diuron TP in diet 10 21.22+8.00 1.82+0.66 371139 463+1.60 0.39+0.13 0.80 +£0.26

GV: Diuron TP in drinking water 10 19.75+825 1.43+0.67 3.66 +1.34 432+173 0.31+0.13 0.79 £0.27

2Values are expressed as mean +SD.one-way ANOVA, Tukey’s test (p<0.05); FP: Formulated product/ TP: Technical product;
N= Effective number of animals;

Table 3: Reproductive organ weights of Wistar rats exposed to diuron 1250ppm FP or TP for 13 weeks

Groups N Absolute organ weight ?(g) Relative organ weight #(g/kg b.w.)
Right Right Right Testis Right Right Right Testis
Epididymis Seminal Epididymis Seminal
vesicle vesicle
GI: Basal diet 10 084+034 086+035 243+1.00 0.16 £0.06 0.16+0.06 0.45+0.17
GlI: Diuron FP in diet 8 081+032 0.77+027 243+103 0.17+0.06 0.16 £0.05 0.51 +0.21
Glll: Diuron FP in indrinkingwater 10 0.77+0.25 0.73+0.27 238+0.81 0.16 £0.05 0.16+0.06 0.51+£0.17
GIV: Diuron TP in diet 10 0.84+032 0.85+0.38 249+0.90 0.18+0.06 0.18+0.07 0.54 £0.17
GV: Diuron TP in drinking water 10 0.79+027 087+0.37 241+0.80 0.17+0.05 0.19+0.07 0.52£0.16

2 Values expressed as mean +SD.one-way ANOVA, Tukey’s test (p<0.05); FP: Formulated product/ TP: Technical product;
N= Effective number of animals



Figures and Tables

Table 4: Incidence of proliferative changes in the urinary bladder and kidney pelvis of Wistar rats exposed to diuron
1250ppm FP or TP for 13 weeks.

Groups Incidence of urinary Classes of increased severity of urinary bladder alterations Incidence of kidneys pelvis
bladder hyperplasia by (SEM)® hyperplasia by LM?
LM*?
N Normal SH°® N Normal Altered Altered  Total of altered N Normal SH*®
(Class 1-3) (Class4) (Class 5) Classes 4-5
Gl: Basal diet 10 10 0 6 6 0 0 0 10 10 0
GII: Diuron FP in diet 8 7 1 6 0 3 3 6¢ 8 3 54
GlII: Diuron FP in in drinking water 10 6 4 6 0 2 4 6¢ 10 3 74
GIV: Diuron TP in diet 10 9 1 6 1 3 2 5d 10 2 gd
GV: Diuron TP in drinking water 10 8 2 6 1 4 1 5¢ 10 1 9d

2Values expressed per animal: Fisher’s Exact test (2-tail); FP: Formulated product/ TP: Technical product;

N= Effective number of animals; #LM: Light microscopy, ® SEM: Scanning electron microscopy, ¢SH: Simple hyperplasia
SEM: Classes 1-5: Increased severity of urothelial alterations (Cohen et al., 2007)

4 Different from basal diet (p< 0.05)
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Figures and Tables

_—

Figure 2. LM - Figure 2. Histology of kidne pelvis (Hematoxylin & Eosin: Normal
urothelium (GI, 40x); B) Simple Hyperplasia (GIV, 40x).
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Figures and Tables

Figure 3. Urlnary bladder (Scanning Electron Mlcroscopy) A) Normal urothelium (GI 800x);
B) Necrosis and exfoliation (Gll, 300x); C) Hyperplasia (GllIl, 310x); D) Necrosis, exfoliation
and hyperplasia (GIV, 300x); E) and F) Hyperplasia and necrosis, exfoliation and (GV,120x and
800x, respectively).
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Figures and Tables

Table 5: Sperm analysis of Wistar rats exposed to diuron 1250ppm FP and TP for 13 weeks

Groups

GI: Basal diet
GlI: Diuron FP in diet

GlIII: Diuron FP in in drinking water

GIV: Diuron TP in diet

GV: Diuron TP in drinking water

N

Sperm
Concentration
(x10%ml) 2

Normal sperm
morphology (%) ®

Vitality

Motility

Live Sperm (%) °

Mobile sperm (%) °

10
8

10
10
10

43.04 £ 0.86
29.54 +1.60°
28.45 +1.82°
29.76 £ 2.01°
28.77 £2.04°

95.00 (93.00 — 96.00)
89.50 (87.00 — 96.00)°
89.50 (87.00 — 91.00)°
90.00 (87.00 — 95.00)°
89.00 (87.00 — 92.00)°

94.00 (91.00 — 97.00)
86.50 (82.00— 93.00)°
87.00 (81.00 —93.00)
89.00 (82.00 -95.00) °
86.05 (80.00— 93.00)

65.00 (49.00 — 95.00)

41.50 (34.00- 60.00)°
3850 (31.00 — 59.00)°
43.50 (33.00 — 69.00)
44,00 (35.00 — 70.00)

2Values expressed as mean + SEM., One-way ANOVA, Tukey’s test (p<0.05); FP: Formulated product/ TP: Technical product;
N= Effective number of animals; ® Values expresses as median (Q:-Qs)., Kruskal -Wallis test, followed by Dunn test (p<0.05)

¢ Different from control
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Supplementary Materials

MEAN BODY WEIGHTS
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Figure 4. Body weight of Wistar rats exposed to diuron FP or TP 1250ppm for 13 weeks

WATER CONSUMPTION
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Figure 5. Water consumption of Wistar rats exposed to diuron FP or TP 1250ppm for
13 weeks
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Figure 6. Food consumption of Wistar rats exposed to diuron FP or TP 1250ppm for 13
weeks
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Anexos

Comiseo de ENca no Uso de Animas

Cnada atraves da Portana DFM n® 611 de 31122012

CERTIFICADO-RETIFICADO

Certificamos que a alteragdo do titulo com objetivo académico: “Comparacdo dos efeitos do diuron formulado e técnico no urotélio e nos
parémetros reprodutivos de ratos Wistar machos”, conduzida pela Pesquisadora: Bianca Camargo Penteado Sales, Orientada pela Profa. Dra. Maria Luiza
Cotrin Sartor de Oliveira, Coorlentada pelo Prof. Dr. Jodo Lauro Viana de Camargo, com a participacdo das Colaboradoras: Merielen Garcla Nascimento e Patricla
Carvalho Garcla, registrado e com o n® 1181/2016, que envolve a produgdo, manutengdo ou utilizagdo de animals pertencentes ao filo Chordata, subfilo
Vertebrata (exceto humanos), para fins de pesquisa clentifica (ou ensino) - encontra-se de acordo com os preceitos da Lel n, 11.794, de 8 de outubro de 2008,
do Decreto n. 6.899, de 15 de julho de 2009, com as normas editadas pelo Conselho Nacional de Controle de Experimentagéo Animal (CONCEA),

Alteragdo de Titulo APROVADA em 17 de janeiro de 2018.

'Finalidade () Ensino (X) Pesquisa Clentifica
|Espécie/Linhagem/Raca Ratos Wistar
1N° de animais i 50
‘Idado/Puo 4 semanas ~ 150 gramas
Sexo Macho
;Origem Biotério CEMIB-UNICAMP
P P /
Graziela Nhgueira B;\kani Prof. Dr. Guilherme¢ Anténo Moreira de Barros
SecretaNg Responsavel , Ptesidente
Comissao de Etica no Uso de Animais - CEUA Comissdo de Etiga no Uso de Animais - CEUA

Distrito Rubi&o Junior, s/n° - Botucatu — S.P. CEP: 18.618-970 / Fone: (14) 3880.1608 ~ 3880.1609 / E-mail Secretaria: ceua@fmb.unesp.br
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Anexos

‘& UNIVERSIDADE ESTADUAL DE CAMPINAS

Centro Multidisciplinar para Investigacio Biologica
v na Area da Ciéncia em Animais de Laboratério — CEMIB
UNICAMP http:/fwww.cemib.unicamp.br

Prof?. Maria Luiza Cotrin
CPF 039.004.168-85

CNPJ- 48.031.918/0019-53
UNESP

Botucatu - SP

Atestado de Saude Animal N°406/2016

Atestamos que os Ratos (50 machos) da linhagem HanUnib:WH, provenientes da Divisdo de
Producao de Animais S.P.F. ( Specific Pathogen Free ) deste Centro, pertencem a categoria
sanitaria 5.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 infecciosos capazes de causarem riscos a salde humana. A validade deste Atestado
consta da data dos Ultimos testes do programa de monitorizacao sanitaria, rotineiramente
realizados pelo Laboratorio de Controle de Qualidade Animal - C.Q.5.(%).

Observacao - O estado sanitario dos animais retirados do CEMIB nesta data sera mantido se os mesmos
forem acondicionados em equipamento adequado e o mesmo néo for violado durante o transporte. A
InstituicAo receptora deverd oferecer infra-estrutura e condicdes adequadas para a manutencdo de
animais da Categoria Sanitdria livres de agentes patogénicos especificados (S.P.F.), alojando os
animais em equipamentos e/ou salas dotadas de sistema de barreiras de protecédo sanitaria. Torna-se
necessario manejo correto e a esterilizacdo de todo material utilizado na rotina como: racéo,
maravalha/cama, bebedouros, agua, gaiolas, tampas, e outros.

(*) Data dos dltimos testes de monitorizagéo sanitaria realizados em Outubro de 2016.

Campinas, 21 de novembro de 2016.

Prof Dr.Rovilson Gilioli
Diretor do Centro Multidisciplinar para
Investigac&o Biclogica
CEMIB/UNICAMP
E-mail: diretoria@cemib.unicamp.br

Rua Cinco de Junho, 230 — Cidade Universitaria Zeferino Vaz — Barfo Geraldo — CEP: 13.083-970 — Campinas - SP.
Fone/Fa:x: (19) 3521-7652 - Universidade Estadual de Campinas — CNPJ 46.0658.425/0001-33
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