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Reviséo da Literatura

Revisao da Literatura
1. Desreguladores endécrinos

O sistema enddécrino € um dos principais sistemas de controle
homeostatico do organismo e mantém as fungdes normais e de
desenvolvimento em face as constantes mudangcas de ambiente.
Trabalhando em conjunto com o sistema nervoso, que, sobretudo é
responsavel por respostas rapidas e imediatas, as cerca de 30
diferentes glandulas que compdem o sistema enddcrino tendem a
agir de forma lenta e sustentada para regularem diversos processos
fisiolégicos, entre eles o ciclo reprodutivo feminino (Marty et al.,
2011).

Ao longo das ultimas décadas, as evidéncias de que um grande
numero de produtos quimicos existentes no ambiente, naturais ou
produzidos pelo homem, poderia alterar a fungdo normal do sistema
enddcrino, provocaram o interesse da comunidade cientifica e uma
preocupagao crescente da populagao em geral (Colborn et al., 1993;
Diamanti-Kandarakis et al., 2009).

A Agéncia de Protecdo Ambiental norte americana define como
desregulador enddcrino (DE) “um agente exégeno que interfere com
a sintese, secregao, transporte, ligacdo, acao ou eliminagcdo de
hormdnios naturais do corpo, que sao responsaveis pela
manutencdo da homeostase, reprodugdo, desenvolvimento e
comportamento” (U.S. EPA, 1997). O grupo de substancias
identificado como DE € altamente heterogéneo e inclui agentes
antropogénicos como produtos e subprodutos industriais, praguicidas
agricolas, metais pesados, farmacos, e, na natureza, fitoestrogénios,
como genisteina e metaresinol (Diamanti-Kandarakis et al., 2009). A
exposicdo humana aos DEs ocorre principalmente por via oral
quando ingeridos com alimentos ou bebidas contaminadas, mas
também por via inalatéria e, ocasionalmente, por via cutanea (Wuttke
et al., 2010).
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O ser humano esta sujeito a acdo dos DEs durante toda a vida,
mas o periodo de exposicdo sera o principal fator determinante de
seus efeitos. Existem periodos com maior suscetibilidade,
denominados de “janelas de exposi¢cao”, principalmente o periodo
pré-natal, que reforcam a tese da programacgao intra-uterina para
doencas da vida adulta, ou Hipotese de Barker, que propde que o
risco para desenvolver doengas € fungdo nao apenas da carga
genética ou dos habitos de vida do adulto, como também da atuacgao
de fatores ambientais em periodos criticos do desenvolvimento
(Barker, 2004; Fontenele et al., 2010; Schug et al., 2011).

A maior suscetibilidade de embrides, fetos e bebés pode ser
explicada pelo amadurecimento incompleto dos mecanismos de
protecao presentes em adultos, como o sistema de reparo do DNA e
enzimas detoxificantes eficientes, que permitem o figado e outros
tecidos habilitados depurar compostos quimicos do sangue, e,
particularmente, pelo fato de a barreira hematoencefalica nao ser
completamente funcional em fetos e em recém-nascidos (Newbold et
al., 2007).

A capacidade dos DEs alterarem a fungao reprodutiva feminina foi
claramente demonstrada pelas consequéncias fetais do uso do
potente estrogeno sintético dietilestilbestrol (DES) por mulheres
gravidas entre os anos de 1948 a 1970. Este farmaco era prescrito
para evitar abortos e promover o crescimento fetal. Mais tarde,
descobriu-se que, quando atingiam a puberdade, as criangas
nascidas de mulheres que fizeram uso desse medicamento,
apresentavam disfungdo no sistema reprodutivo, alta taxa de
gravidez anormal, reducdo na fertilidade, desordem do sistema
imunolégico e, com frequéncia, cancer vaginal (Colborn et al., 1993;
Birkett & Lester, 2003). Essas observagdes indicaram que
substancias estrogénicas como o DES podem provocar efeitos

tardios no sistema reprodutivo em humanos expostos in utero (U. S.

3



Reviséo da Literatura

EPA, 1997).

No sistema endocrino, as alteragcbes ocorrem quando o DE
interage com receptores celulares, amplificando ou modificando sua
resposta aos hormoénios naturais. Assim, dois processos distintos
podem ser desencadeados: a ligagcdo com o receptor pode produzir
uma resposta que imita a acdo de determinado horménio, e assim
atua como agonista ou, se nenhuma resposta for produzida, a
substancia estara impedindo a interagdo entre o horménio natural e
seu respectivo receptor, agindo como um bloqueador ou antagonista
(Birkett & Lester, 2003; Lintelmann et al., 2003). Por exemplo, alguns
DEs competem com o estradiol pelos receptores de estrégeno (RE);
outros competem com a dihidrotestosterona (DHT) e testosterona
(TT) pelos receptores de androgenos (RA). Portanto, essas
substancias podem exercer efeitos de feminizacdo (agéo
estrogénica) ou de masculinizagao (agao androgénica) do organismo
alvo (Ankley et al., 1998; Birkett & Lester, 2003). Outros possiveis
modos de agdo dos DEs incluem interferéncia na sintese,
armazenamento, liberacdo e transporte dos hormoénios tireoidianos
ou do sistema nervoso central (Bretveld et al., 2006).

O desenvolvimento e as fungdes do sistema reprodutivo feminino
dependem do equilibrio e das concentragcées dos hormdnios; assim,
uma disfuncdo no sistema enddcrino pode resultar em anomalias
como irregularidades no ciclo menstrual, prejuizos na fertilidade,
endometriose e ovarios policisticos (Nicolopoulou-Stamati & Pitsos,
2001).

O desenvolvimento apropriado dos foliculos ovarianos no feto é
dependente de exposi¢cao de estrogénio durante periodos criticos de
desenvolvimento. Por exemplo, camundongos tratados com DES nos
dias pds-natal (DPN) 1-5 desenvolveram foliculos multiovocitarios, tal
como encontrados em adultos (Kipp et al., 2007). Portanto, a

manutencdo do equilibrio entre hormdnios locais e sistémicos é
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necessaria para o desenvolvimento folicular normal e qualidade de
células germinativas, evitando disfungdes ovarianas e declinio das
taxas de concepcao em populagdes humanas (Crain et al., 2008;
Braw-Tal, 2010). Embora ndo sejam completamente compreendidos
0s mecanismos pelos quais DEs alteram o desenvolvimento do
foliculo, existem evidéncias de que a exposi¢cdo a agentes quimicos
DEs estdo contribuindo para o aumento na incidéncia da sindrome
do ovario policistico, faléncia ovariana (Knochenhauer et al., 1998;
Yildiz et al., 2008) e ciclicidade e fecundidade alteradas (Markey et
al., 2003; Bonassi et al., 2004; Jefferson et al., 2005; Munoz-de-Toro
et al., 2005; Rubin et al., 2006). Por exemplo, a exposi¢cao pré-natal
ao bisfenol A causa ciclos irregulares em camundongos, que
provavelmente resultam de alteracbes do eixo hipotalamo-
hipofisario-gonadal induzidas por aquele agente quimico (Rubin et
al.,, 2001; Markey et al.,, 2003). Farr et al. (2004) analisaram a
associagdo da exposigcao a pesticidas e ciclicidade alterada em
mulheres expostas a essas substancias. Irregularidades no ciclo tém
sido observadas em mulheres expostas ao DES no utero (Titus-
Ernstoff et al., 2008).

Em resumo, evidéncias em animais e humanos mostram que o0s
DEs podem alterar o desenvolvimento reprodutivo feminino. Dados
experimentais mostram que a exposi¢cao aos DEs durante periodos
criticos de desenvolvimento, tanto pré-natal como neonatal, pode
induzir mudancas funcionais que aparecem mais tarde na vida
daquele organismo. Existem lacunas para compreender o0s
mecanismos pelos quais os DEs agem, mas é claro que, para reduzir
o risco de disturbios reprodutivos, temos que conhecer o verdadeiro
potencial destas substancias, desta forma gerar maior quantidade de
dados toxicolégicos possiveis para diminuir o risco dos danos

causados.
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2. O uso do rato em pesquisa reprodutiva toxicolégica

O uso de ratos na pesquisa toxicolégica deve-se ao fato de ser um
mamifero de pequeno tamanho e facil manipulagédo, por suportar
diferentes rotas de administracdo de substancias testes (racéao,
aplicagdes [intravenosas, subcutaneas e peritoneais] e gavage) e
ainda pela sua prolificidade ao longo de toda vida — fato que propicia
nao somente facilidade na obtencdo destes animais, mas também
para avaliagdo de compostos quimicos sobre o desempenho
reprodutivo (Mutai, 2000).

Em estudos sobre a fisiologia reprodutiva, o rato ainda é um
animal muito utilizado, pois apresenta ciclos reprodutivos curtos e
estagios definidos, como puberdade, ciclo estral, além de duracéo da
gestacédo e lactagdo menores quando comparado a outros animais
utilizados em pesquisa (Mutai, 2000; Ojeda & Skinner, 2006).

2.1. Puberdade

Na puberdade, o padréao de secre¢cdao de GnRH (hormdnio
liberador da gonadotrofina) passa de ténico para pulsatil, resultando
na liberacdo de LH (horménio luteinizante) apds a quarta semana
pos-natal (aproximadamente aos 30 dias de idade), o que leva a
maturacdo do ovario (Andrews & Ojeda, 1981). A puberdade em
fémeas é associada a abertura da vagina; o primeiro proestro ocorre
normalmente 33 a 42 dias apds 0 nascimento e o ciclo estral regular
tem inicio aproximadamente uma semana apos a abertura vaginal
(Andersen et al., 2004).

2.2. Ciclo estral

O ciclo reprodutivo de ratos fémea € chamado ciclo estral e tem
duragdo média de quatro ou cinco dias. E caracterizado por quatro
fases, proestro, estro, metaestro e diestro, as quais podem ser

determinadas pelos tipos celulares observados no esfregacgo vaginal.
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O proestro se caracteriza pela predominancia de células epiteliais
nucleadas; o estro € indicado pela presenca de células epiteliais
queratinizadas abundantes; o metaestro apresenta proporcdes
equivalentes de leucocitos, células epiteliais nucleadas e
queratinizadas, enquanto o diestro € caracterizado pela
predominéncia de leucécitos (Long & Evans, 1922; Mandl, 1951,
Freeman, 1988).

O proestro dura de 12 a 14 horas, associado a maturagao de um
ou mais foliculos e precede o estro (25 a 27 horas), unico periodo
em que a fémea é receptiva ao macho. Se ndo ha concepcéao, apos
o estro ha um periodo de recuperagao denominado metaestro, cuja
duracao é de 24 a 48 horas, seguido pelo diestro, que dura cerca de
24 horas, quando a secre¢ao de hormdnios ovarianos € reiniciada
para o préximo ciclo (Aires, 1999).

Durante o ciclo, o LH e o horménio foliculo estimulante (FSH)
permanecem baixos, aumentando no proestro. Os niveis de estradiol
comegam a aumentar no metaestro, alcangando niveis extremos
durante o proestro e retornando a linha de base no estro. A secrecéo
de progesterona aumenta também durante o metaestro e diestro,
com diminuicdo mais tardia. Entédo, o valor da progesterona eleva-se
para alcangar seu segundo pico no fim do proestro (Smith et al.,
1975; Sportnitz et al., 1999). Em raz&do da curta duragdo do ciclo
estral, ratas constituem bom modelo para o estudo das alteracdes
que ocorrem durante o ciclo reprodutivo (Marcondes et al., 2002).

2.3.Gestagao

A gestagao do rato dura aproximadamente de 20 a 23 dias,
podendo ser dividida em trés periodos: o periodo de pré-
implantacédo, que abrange do 1° ao 5° dia gestacional (DG1 a DG)5),
corresponde a implantacdo e desenvolvimento inicial do embrido, o

periodo organogénico, em que o0s oOrgaos sao formados,
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compreendido entre os DG6 e DG15, e o periodo fetal, do DG 16 ao
DG21, no qual o feto, ja com os 6rgaos desenvolvidos, inicia seu
crescimento intra-uterino, com crescimento ponderal e funcional dos
orgaos. O desmame dos filhotes acontece aproximadamente no 21°
dias pos natal (DP21) (Andersen et al., 2004), com diminui¢gdo da
sintese da prolactina nas maes e substituicdo da suc¢gdo mamaria

pela alimentacao soélida dos filhotes.

3. Modelos experimentais para avaliagao de agentes toxicos

sobre o sistema reprodutor feminino

Para esclarecer, desenvolver estratégias e solucionar problemas
relacionados a exposigao a substancias quimicas presentes no meio
ambiente, agéncias governamentais como as norte-americanas
Agéncia de Protecdo Ambiental (U.S.EPA) e Administragdo de
Alimentos e Farmacos (U.S.FDA), e transnacionais, como a
Organizacdo para Cooperagao e Desenvolvimento Econdmico
(OECD), desenvolveram agbes para identificar agentes quimicos
que tém potencial de desregulacdo enddcrina (Marty et al., 2011).
Dentre essas agdes esta o “Endocrine Disruptor Screening Program’
(EDSP), programa constituido de duas etapas, elaborado pela
U.S.EPA com o objetivo de identificar substancias quimicas que tém
potencial de desregulagdo hormonal. A primeira etapa (Tier )
consiste de uma bateria de ensaios in vitro (teste de ligagdo ao
receptor de estrogeno (ER) e ao receptor de andrégeno (AR), teste
do gene repdrter da ativagao de transcricdo hormonal, avaliagao da
esteroidogénese e avaliagao da atividade aromatase) e de ensaios in
vivo (teste uterotréfico, teste de Hershberger, testes de roedores
puberes machos e fémeas, testes de reproducdo de peixes e da
metamorfose de anfibios — sapo) (EDSP, 2011). Se os resultados
desses ensaios iniciais sugerirem que a substancia tem potencial de

interferéncia hormonal, deverdo ser desenvolvidos outros testes in
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vivo. Essa segunda bateria de testes (Tier II) € mais abrangente,
envolvendo mamiferos, aves, anfibios, peixes e invertebrados. Ela
objetiva estabelecer relagbes de dose-resposta em um contexto de
maior toxicidade, além de identificar potenciais adversidades
relacionadas a reprodugdo e desenvolvimento, tanto do sistema
endécrino quanto de sistemas nao enddcrinos (por exemplo:
neuroldgicos, hepaticos, imunoldgicos e renais) (EDSP, 2011).

Outros parametros também sao utilizados, como a avaliacdo da
distancia anogenital (DAG) - proposta em guidelines da U.S.EPA e
OECD -, uma vez que este endpoint é sensivel a efeitos hormonais
induzidos quimicamente (Gallavan et al., 1999), avaliacdo da
duracao do ciclo estral, peso e histologia de 6rgdos determinados
(Regan et al., 2005). Um orgdo alvo importante em ensaios
harmonizados adotados pela U.S.EPA, U.S.FDA e OECD para
identificacdo dos DEs em roedores é o ovario, onde esses agentes
podem agir sobre foliculos maduros e imaturos, levando a
infertilidade temporaria ou permanente; por isso, a quantificacédo de
foliculos ovarianos e corpos luteos € recomendada como uma das
formas de avaliagao estrutura e funcional desse 6rgao (U.S.EPA,
2007; FDA, 2000; OECD, 2002).

4. Praguicidas

Define-se como praguicida qualquer substancia ou mistura de
substéncias destinadas a prevenir, destruir, repelir ou conter pragas.
Eles podem ser classificados segundo seu espectro de agcdo como
inseticidas, herbicidas, fungicidas, acaricidas, nematicidas e
bactericidas, ou segundo sua estrutura quimica, ex., organoclorados,
piretrdides, organofosforados, carbamatos, acidos, uréias, amidas,
triazinas, uracilas e azois (OPAS/OMS, 1996; U.S.EPA, 2007).

As capacidades atuais, principalmente dos paises desenvolvidos,

de produzir e colher grandes quantidades de alimentos em areas
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relativamente pequenas e com participacdo reduzida de trabalho
humano, tém sido possiveis especialmente com o uso de
praguicidas. Assim como em todo mundo, as classes mais utilizadas
no Brasil sdo as dos inseticidas, herbicidas e fungicidas. Em
conjunto, essas trés categorias representam bilhées de quilogramas
de praguicidas usados anualmente, principalmente na agricultura
(Jardim & Andrade, 2009).

Uma vez que varios praguicidas sédo aplicados individualmente ou
combinados nas culturas, seus residuos podem ser encontrados em
alimentos e agua potavel (Laetz et al., 2009). Assim, a exposicéo a
varios residuos de pesticidas pode ocorrer simultaneamente atravées
de multiplos veiculos (por exemplo, alimentos, agua potavel, em
ambientes domiciliar e ocupacional) e vias de absorgdo (oral,
inalatéria, cutanea) (Hernandez et al., 2013). Os efeitos resultantes
da exposicdo combinada nos sistemas endocrino, reprodutivo e
imunolégico ndo sao completamente compreendidos, mas do ponto
de vista toxicolégico, podem apresentar interagdes, resultando em
efeito toxico menor ou maior do que seria esperado para compostos
individuais (Wade et al., 2002; Larsen et al., 2003). Assim, o estudo
de misturas quimicas € uma area relevante de pesquisa devido a sua
contribuicdo potencial a avaliagao do risco das populagcées humanas
que sao expostas a multiplos contaminantes quimicos ambientais.

A disponibilidade de modelos animais validados para ensaios de
toxicidade, adicionados de técnicas sensiveis para sua avaliagao,
permite o estudo e a caracterizacdo dos efeitos potenciais das
misturas quimicas sobre determinados o6rgaos-alvo, tal como é
necessario na area de avaliagdo do impacto dos contaminantes

ambientais sobre a saude humana (Suk et al., 2002).
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4.1. Praguicidas utilizados neste estudo e exposig¢ao da
populagao pelos alimentos

Com o objetivo de avaliar continuamente os niveis de residuos
de praguicidas nos alimentos in natura que chegam a mesa do
consumidor, foi iniciado em 2001 pela Agéncia Nacional de Vigilancia
Sanitaria (ANVISA) o Programa de Analise de Residuos de
Agrotéxicos em Alimentos (PARA). Nesse programa, os residuos
encontrados em cada produto foram considerados em relagdo as
normas técnicas daquela Agéncia sobre quais produtos estavam
autorizados para cada cultura, e quais os seus limites maximos
aceitos em cada tipo de produto (Limite Maximo de Residuos, LMR).
Em 2009, o PARA monitorou 20 alimentos (abacaxi, alface, arroz,
banana, batata, cebola, cenoura, feijdo, laranja, maga, mamao,
manga, morango, pimentao, repolho, tomate, uva, couve, beterraba e
pepino); das 3.130 amostras analisadas, 907 (29,0%) foram
consideradas insatisfatérias. As  principais irregularidades
encontradas foram a presenga de praguicidas em niveis acima do
LMR em 88 amostras (2,8%), utilizacdo de pesticidas néo-
autorizados (NA) para aquela cultura em 744 amostras,
representando 23,8% do total, e residuos acima do LMR e NA na
mesma amostra em 75 (2,4%) das amostras. Entre outros
praguicidas que se apresentaram irregulares, residuos de fungicidas
nao-autorizados foram encontrados em alguns tipos de culturas
como o procloraz nas culturas de alface, arroz, couve, pepino e uva
e o propiconazol em cultura de morango (ANVISA, 2009).

Neste contexto, o objetivo de nosso trabalho foi avaliar possiveis
efeitos em fémeas expostas in utero e durante a lactagdo aos
fungicidas procloraz e propiconazol (individual ou misturados) a fim
de melhorar o entendimento dos efeitos dessas substancias sobre o
desenvolvimento do sistema reprodutivo feminino. As doses

selecionadas e incorporadas a ragcdo nos estudos foram baseadas
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em dados de toxicologia reprodutiva do procloraz (U.S.EPA, 1989)
ou propiconazol (U.S.EPA, 1988).

No presente estudo foram utilizados os fungicidas procloraz
(Figura 1) e propiconazol (Figura 2), pertencentes a classe dos azdis.
Os azobis sao antifungicos amplamente usados na agricultura e na
terapia antimicotica humana e veterinaria (Zarn et al., 2003). Mais de
20 diferentes compostos ativos estdo no mercado para uso médico
contra micoses superficiais e profundas, por vias oral, tépica, vaginal
ou sistémica (Jeu et al., 2003; Kale & Johnson, 2005; King et al.,
1998). Cerca de 40 diferentes fungicidas azdéis sdo vendidos em todo
o mundo contra o oidio e a “ferrugem”, doengas fungicas que
comprometem varios milhares de toneladas por ano de produtos de
culturas de cereais, frutas, hortalicas e plantas ornamentais (Giavini
& Menegola, 2010). De acordo com sua estrutura quimica, os azdis
sao classificados como triazois (ex., propiconazol) ou imidazéis (ex.,
procloraz). Independente da estrutura quimica, todos os azois
possuem atividade antifungica pelo mesmo mecanismo de agéo, que
se faz por bloqueio da lanosterol 14a-demetilase (CYP51), enzima
responsavel pela sintese do ergosterol, um componente essencial da
membrana de fungos e leveduras. Em mamiferos, o ergosterol é
expresso em diferentes tecidos (Raucy et al., 1991), sendo a CYP 51
responsavel por parte da via que leva a biossintese de colesterol, um
esterol primario da membrana das células de mamiferos, necessario
para a formagao dos horménios sexuais (Payne & Hales, 2004).

Outra enzima alvo dos azéis é a aromatase (CYP19), expressa
principalmente no cérebro e gbnadas, mas também encontrada na
placenta e nos tecidos adiposo e 6sseo (Conley & Hinshelwood,
2001). A aromatase cataliza as etapas finais da biossintese de
estrégenos, convertendo androstenediona em estrona (E1), e
testosterona em estradiol (E2). Dessa forma, disturbios na expressao

da aromatase e/ou alteracbes na sua atividade catalitica exercem
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efeitos negativos, como hipoestrogenismo, virilizagdo, puberdade
precoce e ou cancer mama em mulheres e ginecomastia em homens
(Zarn et al., 2003).

Além da CYP19, as CYPs-1A1, 17A1, HSD17B, entre outras,
responsaveis pela sintese e metabolismo dos horménios esterdides
sexuais ovarianos, também podem ter expressdo e atividade
cataliticas alteradas por agentes quimicos (Craig et al., 2011).

Dessa forma, os azdbis podem potencialmente produzir efeitos
endocrinos e aumentar o risco de efeitos adversos durante a
gravidez (Narotsky & Kavlock, 1995; Gray et al., 1999; Menegola et
al., 2005).

(C|)H2)20H3 Cl
lCONCHZCHZO Cl

N
&3 Cl

Figura 1. Estrutura quimica do fungicida procloraz (CAS N° 67747-
09-5)
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CH.CH.CH, ©

Figura 2. Estrutura quimica do fungicida propiconazol (CAS N°
60207-90-1)

Com este estudo pretendemos contribuir para a discussao dos
efeitos potenciais sobre o sistema reprodutivo por fungicidas
agricolas detectados pela ANVISA em alimentos frescos disponiveis

para a populacao brasileira.
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ABSTRACT

The Brazilian federal government Agency for Health Surveillance
has detected pesticide residues in fresh food available for consumers
all over the country. The current study investigated the effects of
prochloraz and propiconazole (individually or as mixture) subsequent
to in utero and lactation exposures in order to improve the
understanding of their reproductive and developmental effects. The
azoles are of concern because the population may be exposed to a
mixture of these compounds as residues in the diet and or by using
them as pharmaceuticals. The concerns are especially directed
toward fetuses and infants as they are particularly susceptible to
exogenous chemicals. Groups (G) of pregnant rats were alternatively
fed four different experimental diets: G1: control diet, G2: 150 ppm
prochloraz, G3: 500 ppm propiconazole and G4: mixture of both
mixtures at the same doses. Dams were exposed from the 9"
gestational day (DG9) to the end of lactation (post-natal day 22,
PND22); after weaning, female offspring were selected and kept into
4 groups each one corresponding to the experimental diet provided to
their respective dams and received basal diet until the end of the
experiment (DPN 140), when they were euthanazed in metaestrus.
Body weights (BW) and anogenital distances (AGD) were registered
at PND 2, vaginal opening assessment beginning on PND 29,

hormone levels and body and organ weights were measured at the

27



Manuscrito

necropsy day. Neonates did not show any physical signs of toxicity.
No gross malformations were found. There were no significant
differences among experimental groups regarding body weights at
the PND 2. Significant delay of VO were registered in the female
offspring that had been exposed to prochloraz (p<0.01) or to
propiconazole (p<0.05); each of these same groups also showed
significant delay (p <0.01) when compared with animals exposed to
the fungicide mixture. Final body weights and relative weights of liver,
uterus and ovaries also did not differ significantly among the
experimental groups. Testosterone, estradiol and progesterone levels
were not affected by the different treatments but the LH levels were
significantly increased in the groups fed with prochloraz (p <0.001) or
propiconazole or their mixture (p<0,01) when compared to the
control. Also, FSH levels were significantly higher (p <0.001) in the
fungicide mixture-treated group than in the other groups. Exposure in
utero and during lactation to prochloraz and propiconazole
fungicides, individually or to their mixture, negatively affected the
adult (15™ week) reproductive system of female offspring particularly

delaying the vaginal opening and increasing LH and FSH levels.

Keywords: Maternal exposure, Prochloraz, Propiconazole, Chemical

mixture; Reproduction; Development; Female Rat
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INTRODUCTION

A wide range of substances found in many everyday products,
both natural and man-made — including plastic bottles, detergents,
flame retardants, food additives, toys, cosmetics, and pesticides
residues are thought to cause endocrine disruption (Diamanti-
Kandarakis et al., 2009).

A large number of pesticides have been identified as endocrine
disruptors (Mnif et al., 2011), defined as exogenous agents that
interfere with synthesis, secretion, transport, binding, action, or
elimination of natural hormones in the body that are responsible for
the maintenance of homeostasis, reproduction, development, and or
behavior (U.S.EPA, 1997).

Humans are exposed to these chemicals either concurrently or
sequentially from multiple sources (e.g. food, drinking water,
residential and occupational activities) and through varied routes
(oral, inhalatory, cutaneous) (Wuttke et al., 2010). Chemical
exposures during early stages of life can disrupt normal patterns of
development and thus dramatically alter disease susceptibility later in
life (Barker, 2004; Fontenele et al., 2010; Schug et al., 2011).

Particularly, because of their intrinsic toxicity and limited species
selectivity, pesticides exhibit undesirable harmful effects on sensitive
non-target organisms such as humans and wildlife populations. The

toxicological effects of pesticide mixtures on the human health are
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largely unknown, although there are growing concerns about their
safety (Hernandez et al., 2011; Hernandez et al., 2013).

The Brazilian Federal Agency for Health Surveillance (ANVISA)
conducted a survey that indicated the presence of several pesticides
residues in fresh food and vegetables that were available for
purchase by the general populace (Oliva et al., 2003; ANVISA, 2006).
Since ANVISA’s primary goal is to protect and promote human public
health, the results of its survey raised concerns among the public and
scientific communities. Particularly, residues of azoles fungicides
(prochloraz and propiconazol) were found in fresh food and
vegetables (ANVISA, 2009).

Azoles are synthetic antifungal compounds derived from triazole or
imidazole molecules. Azole derivatives are used for control of fungal
pathogens both in humans and in plants (Menegola et al., 2013). All
azoles, irrespective of their different chemical structure and variable
properties, interact and target the same active site in CYP51 - a
conserved gene in fungi, protists, mammals, and plants — required for
sterol biosynthesis in all eukaryotic systems (Goetz and Dix, 2009).
Disruption in ergosterol biosynthesis leads to a buildup of toxic
intermediate sterols in the fungal cell membrane, increasing
membrane permeability and inhibiting fungal growth (Vanden
Bossche et al., 1990). This ability makes this class of compounds an

effective tool in controlling many species and strains of fungi
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(Ghannoum and Rice, 1999). In mammals, the CYP51 or lanosterol-
14a-demethylase-modulated reaction is part of the pathway leading
to the biosynthesis of cholesterol. Cholesterol is the primary sterol in
the cell membrane of mammalian cells, and is also required to make
sex steroid hormones (Payne and Hales, 2004). Aromatase (CYP19)
is another target enzyme of azole compounds. In steroidogenesis, it
converts androgens into corresponding estrogens (Zarn et al., 2003).

At high doses, azole compounds affect reproductive organs,
fertility, and development of several species (Zarn et al., 2003).
Common features for azole fungicides are the lengthening of the
gestational period, virilization of female pups, and alteration of steroid
hormone levels in rat fetuses and/or dams (Taxvig et al., 2007).
Among the azoles, prochloraz has demonstrated conspicuous
endocrine disrupting properties. In rats this fungicide demasculinized
male offspring and virilized female offspring (Noriega et al., 2005;
Vinggaard et al., 2005; Laier et al., 2006). Also, it caused
reproductive malformations in androgen-dependent tissues of male
offspring of exposed rats (Noriega et al., 2005).

In addition, exposure to propiconazole, adversely impacted
reproductive development of female rats. Inhibition of the CYP19
(aromatase) may be responsible in whole or part for the observed
adverse reproductive effects (Rockett et al., 2006). Despite their

widespread usage and a general tendency towards the inhibition of

31



Manuscrito

CYP function, the amount of in vivo azole data available in the
scientific literature is rather limited.

Thus, the purpose of this study was to investigate the adult
detrimental impact of azoles (prochloraz and propiconazole,
individually or mixture) subsequent to exposures during specific
periods (in utero and lactation) in order to improve the understanding

of their reproductive and developmental adverse effects.

MATERIAL AND METHODS

Chemicals

Propiconazole (CAS No. 60207-90-1; 98.4% pure) and prochloraz
(CAS No. 67747-09-5; 99.1% pure) were obtained from Sigma-

Aldrich Laborchemikalien GmbH, Germany.

Animal husbandry

Adult female (60 days of age) and male (90 days of age) Sprague-
Dawley rats were obtained from the Multidisciplinary Center of
Biological Investigations (CEMIB UNICAMP, Campinas, Sao Paulo,
Brazil) (Appendix 1). Animals were housed in polypropylene cages
with sterile white-pine shavings, and maintained in rooms under
controlled environmental conditions (temperature 22+2 °C, relative
humidity 55+ 20%, a 12/12 h light-dark cycle and 4 daily exhaustion
periods). All animals were given a semipurified diet (Reeves, 1997)
and water ad libitum. Two non-gravid female rats were mated with
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one male, during the dark portion of the lighting cycle, and the day of
sperm detection in the vaginal smear was considered day 0 of
gestation (GD 0). Four gravid females were allocated to each
experimental group and housed individually in cages. Experimental
protocols were conducted according to the guidelines of animal
experimentation adopted by COBEA and approved by the Ethics
Committee for Animal Experimentation of the Botucatu Medical
School, Sao Paulo, Brazil (Protocol number no. 923/2012) (Appendix

2).

Treatment regimen

At the GD 9 embryos are already in place and therefore
exogenous chemicals do not interfere with the development process.
On the other hand, at this stage the organogenesis of most organs
starts (especially those tissues and organs that are hormone-
dependent (breast, gonads, brain, genital tract, etc.) demonstrating
that the chemical could change the processes of differentiation and
cell division, which are very important at this early stage of embryonic
development (Markey et al., 2001). Starting on GD 9, four pregnant
dams were given unrestricted access to water and either control feed
(Group 1) or feed containing prochloraz (150 ppm — Group 2),
propiconazole (500 ppm - Group 3), or a mixture of both fungicides

(150 and 500 ppm respectively — Group 4). With the adoption of GD9
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aimed to expose embryos in an early stage of development and low
risk of inducing abortions.

The azoles were dissolved in acetone prior to homogenization with
the powdered semi-purified basal AIN93M diet (HN&C Consulting,
Campinas, SP, Brazil). This diet is an improvement of the AIN-76A
diet and provides the necessary amounts of macro and
micronutrients for development and maturity of rats (Reeves, 1997).
High-performance liquid chromatography (HPLC/UV, Varian LC920)
analyses indicated that the levels of the isoflavones genistein and
daidzein in that semipurified diet were below those found in
commercial feed. Control feed was prepared by mixing acetone with
the feed. Acetone was allowed to evaporate fully from the feed prior
to use. The exposure levels of the fungicides were chosen from the
literature on the reproductive toxicology of prochloraz and
propiconazole, the prochloraz level being a NOEL (U.S.EPA, 1989),
and the propiconazole level a NOAEL (U.S.EPA, 1988).

Dams continued on their assigned diet through gestation,
parturition, and lactation. They were allowed to deliver naturally, with
the day of delivery designated as postnatal day (PND 0) for the F1
offspring. Pups were weighed on PND 2. Litters were culled to eight
pups on PND 2 using blinded random selection, 3 to 4 animals from
each litter was used and the pups weaned on PND 22, after the end

of lactation the respective mothers were euthanized by CO;
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inhalation. Female weanlings were distributed on the same group as
their dams but received a diet without addition of until termination.

The experimental design is shown in Figure 1.

Analysis of the female offspring

Body weights and anogenital distance (AGD) at PND 2

On PND 2 (considering the day of birth as PND 0), the anogenital
distance (AGD, distance between the anus and the genital tubercle)
was measured in female pups using a digital caliper; results were

expressed as absolute (mm).

External signs of puberty onset
Beginning on PND 29, female pups were monitoring for vaginal
opening (VO). Animals were examined once daily early in the

morning (approximately at 07:00 a.m.).

Estrus cyclicity
Analyses of the estrous cycle were not performed due to a

technical lighting problem in the animal facility

Necropsy and sample collection
On the first metaestrus after PND 140, the animals were

euthanized between 8:00 and 10:00 a.m. by carbon dioxide
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asphyxiation followed by exsanguination via heart puncture. The liver,
uterus, hypophysis and each ovary were collected, blotted dry,

weighed, fixed in 10% formalin and embedded in paraffin.

Serum hormone radioimmunoassay

Serum was prepared using the blood collected before necropsy
and stored frozen at -20°C. Concentrations of testosterone (T), follicle
stimulating hormone (FSH), luteinizing hormone (LH), progesterone
(P4) and estradiol (E;) were measured using a double-antibody
radioimmunoassay (RIA) kit (National Institute of Arthritis, Diabetes
and Kidney Diseases, NIADDK, USA), according to the
manufacturer's instructions.

Serum LH and FSH concentrations were determined by double
antibody radioimmunoassay using specific kits provided by the
National Program of Pituitary Hormones (Harbor-CA, USA). The
antiserum and reference preparation for LH were the anti-rat LH-S10
and LH-RP3 and for FSH, anti-rat FSH-S11 and FSH-RP2,
respectively. Primary antibodies were anti-rat FSH-S11and LH-S10
and the Standards FSH-RP2, LH-RP3. Concentrations of plasma
progesterone and estradiol were determined by double antibody
radioimmunoassay using kits provided by MP Biomedicals
(Orangeburg, NY, EUA). The lower limits of detection were 0.17

ng/mL for LH, 0.2 ng/mL for FSH, 5.0 pg/mL for estradiol and 0.02
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ng/mL for progesterone. Intra-assay coefficients of variation were 4%,
3%, 4.7%, and 3.7% respectively for LH, FSH, estradiol and
progesterone. All samples were measured in duplicate, and at
different dilutions when needed. All the samples were analyzed at the

same assay to avoid inter-assay variability.

Histological and histomorphometric analyses of uterus

Three 50 pm apart histological sections from the paraffin-
embedded uterus were obtained per animal. These 5 um thick
sections were mounted in glass slides and stained with hematoxylin
and eosin (HE). The slides were photographed with an Olympus (Q
Color 5) camera, captured with the Q-Capture program and analyzed
with the Capture-Pro program. Thicknesses were measured in each
of the 3 sections per animal; five randomly different areas were
measured, amounting to 15 measurements per animal, from which

the mean and standard deviation were obtained (Guerra et al., 2010).

Ovarian Follicles and Corpora Lutea Counts

Three 50 um apart 5 um thick sections, were obtained from the left
ovaries from each animal and mounted on glass slides. To ease the
counting procedure, the visibility of primordial and primary follicles
was enhanced immunohistochemically by staining them for the

proliferating cell nuclear antigens (PCNA) (Picut et al., 2008). Briefly,
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the sections were incubated overnight with primary anti-PCNA
antibody at 1:400 (clone PC-10, Dako Corporation, Carpinteria,
California, USA), and then incubated with the secondary antibody
(LSAB- LINK, KO0609, Dako Corporation, Carpinteria, California,
EUA); staining was developed by 3.3 diaminobenzidine (K3468,
Dako Corporation, Carpinteria, California, EUA). Control and treated
groups were kept in the same immunohistochemistry staining run.
Ovarian follicles and corpora lutea were counted and expressed as
number per area unit (cm?), the area of each ovarian fragment was
determined using an image analyzer KS-300 Kontron-Zeiss. Follicles
were classified according to Borgeest et al. (2002) and Talsness et
al. (2005). Primordial and primary follicles were enumerated together;
oocytes surrounded by a single layer of either squamous or cuboidal
epithelial cells were also counted. Follicles were classified as pre-
antral when containing 2—4 layers of granulosa cells with no antral
space. Antral follicles were classified when containing three or more
layers of granulosa cells and a clearly defined antral space.
Characteristics considered to discriminate atresic follicles were the
presence of pyknotic granulosa cells, disorganized granulosa cells,
degenerating oocyte and detachment of the granulosa from the

basement membrane.
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Statistical analysis

Values are expressed as mean + SD. Data were analyzed using
one-way ANOVA for multiple comparisons of the groups with
Tukey’s test as a post hoc test. For all analyses, calculations were
performed using GraphPadInstat (v.3.02, La Jolla, CA). Significant

difference was assumed when p<0.05.

RESULTS

Feed intake of dams and female F1

The average daily dams feed intake during weeks 2 and 3 of
gestation, and 1-3 of lactation, are shown in Table 1. Table 2 shows
the estimated average daily dose of chemical during these same
periods. There were no significant differences in food intake among
groups. Respect to F1 females feed consumption, variation in intake
was observed, but on average remained in the range 15-20g / mouse

(data not shown).

Pregnancy and litter data
There was no evidence of maternal toxicity. Gestational duration
lengths showed no alteration, regardless of the fungicide treatment

(data not shown).
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Body weights and anogenital distance (AGD) at PND 2
There were no significant differences among litters from control
and treated groups regarding pups body weights. Also, the absolute

AGDs did not differ among the groups (Table 3).

Vaginal opening

Figure 2 shows average age at VO for each of the groups. Female
offspring exposed to prochloraz or to propiconazole individually
showed delayed vaginal opening (p<0.01 or p<0.05, respectively)
when compared to the control or to animals treated with the fungicide
mixture (p<0.01). These two latter groups did not differ significantly

regarding the age of vaginal opening.

Body and organs weights of female F1

No significant differences were found in body weights among the
groups at the end of the experiment. No significant differences were
found in mean relative weights of liver, ovaries, hypophysis and

uterus (Table 4).

Hormone serum levels
Testosterone, estradiol and progesterone levels were not affected
by the different treatments but the LH levels were significantly

increased to the groups fed prochloraz (p <0.001) or propiconazole or
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their mixture (p<0.01) when compared to the control. Also, FSH
levels were significantly higher (p <0.001) in the groups fed the

fungicide mixture than in the other groups (Figure 3).

Histopathology and histomorphometric analyses

All ovaries contained follicles at all stages of development and had
normal appearing corpora lutea (CL). Quantification of ovarian
follicles was not affected in animals of the different experimental
groups. There were no significant signs of edema and cystic follicles.
No apparent histological changes were observed in uterus (data not
shown). No significant differences were found among experimental

groups regarding endometrial thickness (Table 5).

DISCUSSION

Prochloraz and Propiconazole did not exert any significant effects
on the body weights of female offsprings at the PND 2 and PND 140,
which may be related to the fact that their levels were respectively the
NOEL (150ppm) and NOAEL (500ppm), as reported in the literature
(U.S.EPA, 1988; U.S. EPA, 1989).

Anogenital distance in female and male rats is sensitive to
hormonal effects of endocrine disruptors (U.S.EPA, 1998; Gallavan et
al., 1999). In general in vivo exposure to androgens or substances

that inhibit estrogen production increases female AGDs making the
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pups more “masculine”, whereas exposure to estrogens or
antiandrogens decreases male AGDs, making the pups more
“feminine” (Rockett et al., 2006). In the present study there was no
significant effect on DAG when this parameter was expressed
absolutely, as it is usually reported in the literature (Rocket et al.,
2006; Guerra et al., 2010).

Vaginal opening marks the completion of sexual maturation for
female rats, and is an estrogen-dependent event. Prepubertal
exposure to compounds with estrogenic activity like methoxychlor
can accelerate VO (Gray et al., 1989; Laws et al., 2000), whereas
exposure to antiestrogens as lindane (Chadwick et al., 1988) or
androgens (e.g., testosterone) (Rhees et al., 1997) can delay the age
for VO. In the current study, prochloraz and propiconazole both
caused a significant delay in VO. High dietary doses of the triazoles
myclobutanil and triadimefon caused a significant delay in VO
(Rockett et al.,, 2006). Also, rats exposed during 14 days to an
anastrozole fungicide starting from PND 25, also showed a delay in
VO (Ashby et al., 2002). Like propiconazole, triadimefon,
myclobutanil and anastrazole are triazole-based conazoles.
Therefore, there are evidences indicating that these chemicals exert
either androgenic or antiestrogenic effect. The antiestrogenic
influence of these compounds have been attributed to their activity as

aromatase inhibitors (i.e., inhibits conversion of testosterone to
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estrogen) (Rockett et al., 2006).

However, the mixture of prochloraz and propiconazole at their
respective levels, 150ppm and 500ppm respectively, was not
effective in delaying the vaginal opening, suggesting an interaction
between the fungicides possibly inhibiting the antiestrogenic potential
of each compound. Interaction of pesticides does not occur at doses
at or below their NOAEL in a mixture; however, when exposures are
sufficiently high, exceeding their respective NOAELs, both
toxicodynamic and toxicokinetic interactions resulting in synergy or
antagonism can occur (Moser et al., 2006; Hernandez et al., 2013).

Antagonism occurs when two pesticides interfere with each other’s
effect. The result is a reduction in the effect predicted for individual
compounds which do not need to be structurally similar (Zeliger,
2011). One chemical may stimulate the metabolism of a second one
or somehow interfere with its absorption (Hernandez et al., 2013). As
an example, prochloraz inhibits aromatase (CYP19) (Vinggaard et al.,
2000; Vinggaard et al., 2005), whereas triazine stimulate this enzyme
activity involved in the conversion of testosterone to estradiol
(Sanderson et al., 2000). Therefore, concurrent exposure to these
two pesticides (triazines and prochloraz) might neutralize their
respective effects on aromatase (Hernandez et al., 2013).

The normal reproductive function requires the coordinated

operation of the hypothalamus, pituitary and ovaries. The
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hypothalamus secretes gonadotropin-releasing hormone (GnRH) in a
pulsatile manner to stimulate the pituitary gland to secrete luteinizing
hormone (LH) and follicle stimulating hormone (FSH). These
gonadotropins stimulate folliculogenesis and secretion of various
hormones from the ovary, including oestradiol, progesterone, and
inhibin A and B. Increasing levels of estradiol and progesterone, as
well as inhibin A and B, all secreted by the ovaries have a negative
feedback, consequently, there is a decrease of FSH secretion and, to
a lesser extent, LH. The suppression of FSH secretion limits the
number of follicles that develop and mature, and the number of
ovulated ova to be eventually. Estradiol levels reach a critical
threshold, signaling to occur preovulatory gonadotropin surge (Hall,
2009).

Some pesticides may interfere with the female hormonal function,
which may lead to negative effects on the reproductive system
through disruption of the hormonal balance necessary for its proper
functioning (Bretveld et al., 2006). Thus, monitoring LH and FSH
levels should be wuseful in wunderstanding azole effects on
steroidogenesis (Goetz et al., 2007). Pesticides, such as fenarimol,
prochloraz, and other imidazole fungicides possess the ability to
inhibit estrogen biosynthesis through CYP19 aromatase inhibition in
vitro (Hirsch et al., 1987; Mason et al., 1987; Vinggaard et al., 2000),

prevent the conversion of androgens to estrogens. Also, fluconazole,

44


http://www.ncbi.nlm.nih.gov/pubmed?term=Goetz%2520AK%255BAuthor%255D&cauthor=true&cauthor_uid=17018648

Manuscrito

propiconazole and triadimefon are examples of triazoles that inhibit
aromatase activity (Paulus et al., 1994; Vinggaard et al., 2000).
Compounds which can inhibit aromatase acitivity in vitro may be able
to cause local changes in estrogen and androgen concentrations in
vivo Vinggaard et al. (2000). Imbalance in steroidogenic enzymes will
cause fluctuations in hormone levels, disrupting the hypothalamic-
pituitary-gonadal axis (HPG).

In the present study, testosterone, estradiol and the progesterone
levels were not affected in the different groups. However, LH levels
were significantly increased to the groups fed prochloraz or
propiconazole or their mixture when compared to the control. Also,
FSH levels were significantly higher in the groups fed the fungicide
mixture than in the other groups. It is possible that the hormonal
changes observed in LH and FSH levels in the groups fed the mixture
or the single azoles were due to an absence of inhibitory effect of
estrogen production on FSH and LH liberation, altering the
hypothalamic-pituitary axis. However, these changes in hormone
levels were not enough to cause morphologic alterations or change
the number of ovarian follicles in the different experimental groups.

Some members of azoles have been shown to be hepatotoxic and
induce mouse hepatocellular tumors (Wolf et al., 2006). Previously
reported studies of mice fed diets containing propiconazole at 0, 100,

500, and 2500 ppm feed levels. Propiconazole at 2500 ppm induced

45



Manuscrito

statistically significant increases in liver weights, liver/body weights
ratios and liver cell hypertrophy compared with control mice and liver
cell hypertrophy was also increased at 500 ppm (Allen et al., 2006).
Prochloraz has previously been reported to increase liver weights
after administration of doses of 25 mg/kg in treated rats (Birkhgj et
al., 2004; Vinggaard et al., 2002). This effect on liver weight may be a
result of hypertrophy of liver cells, which may be caused by induction
of CYP 450 activities. In the present study no significant differences
were found in the mean relative liver weights between treated and

control groups.

CONCLUSIONS

In utero and during lactation exposures to the azoles prochloraz
and propiconazole fungicides, individually or to their mixture,
impacted negatively on the reproductive system of the adult (15"
week of age) female offspring, particularly delaying the vaginal

opening and increasing the LH and FSH levels.
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Figure 1. Experimental design:

Pregnant rats were allocated to four different groups (four
dams/group) that were respectively fed each one of the experimental
diets from the 9™ gestational day (GD 9) to the end of lactation
(postnatal day 22, PND 22): G1- control, G2- 150ppm prochloraz,
G3- 500ppm propiconazole and G4- mixture of both pesticides at
their respective levels. After weaning, female offspring received plain

diet until PND140 when they were sacrificed in the metaestrus.
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Figure 2.
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Figure 2. Age at Vaginal Opening (VO):

n:number of animals.One Way ANOVA, Tukey test. Values are
expressed as mean + SD. Female offsprings exposed to prochloraz
and propiconazole presented significant delays in the mean age at
VO (43.45 days, p< 0.01; 42.71 days, p<0.05, respectively)
compared to the control animals (38.21 days) or to animals treated

with the fungicide mixture (37.38 days, p<0.01).
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Figures 3A-3E
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Figure 3. Serum levels of FSH, LH, Progesterone (P4), Testosterone

and Estradiol (E2) in female Sprague-Dawley rats:
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Figuras

G1 (Control - plain semipurified diet); G2: 150ppm prochloraz; G3:
500ppm propiconazole and G4: mixture of both pesticides at their
respective levels. ( ): number of animals; ANOVA followed by the
Tukey test. FSH levels were significantly elevated (p <0.001**) in the
mixture-exposed group when compared to the control or to the
groups treated with individual fungicides. LH levels were higher in the
fungicide-treated groups (prochloraz, p<0.001**; propiconazole,

p<0.01*; fungicide mixture, p<0.01*) when compared to the control.
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Tabelas

TABLES
Table 1. Mean amount of feed (g/rat/day) consumed by dams during gestation and lactation.
Gestation Lactation
Groups (n=4)
Week 2 Week 3 Week 1 Week 2 Week 3
G1: Control (0 ppm) 18.30 + 3.33 21.80 £ 2.30 26.30 £ 12.27 33.82+4.13 34.30 £ 8.20
G2: Prochloraz (150ppm) 19.20 + 1.83 18.25+2.40 19.60 + 3.70 27.80 £ 7.51 22.80+12.30
G3: Propiconazole (500ppm)  21.10 £ 3.90 17.70 £ 2.00 19.90 + 4.25 35.60 £ 8.70 30.00 £ 5.00
G4: Mixture 19.40 £ 1.40 20.21 £ 2.30 29.80+13.20 40.50 + 18.60 23.00 + 16.00

N: number of animals. ANOVA, Tukey test. Values are expressed as meanSD.
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Tabelas

Table 2. Mean doses (mg/kg/day) of conazoles ingested by dams during gestation and lactation.

Groups Gestation Lactation
Week 2 Week 3 Week 1 Week 2 Week 3

G1: Control (0 ppm) 0.0 0.0 0.0 0.0 0.0
G2: Prochloraz (150ppm) 8.2 6.1 6.1 8.0 6.7
G3: Propiconazole (500ppm) 24.0 20.0 22.0 36.0 30.0
G4: Mixture

Prochloraz (150ppm) 7.0 7.0 9.9 13.0 7.4
Propiconazole (500ppm) 23.0 23.0 33.0 43.8 24.6

mg conozale intake estimated from formulation + feed consumption in Table 1 per kg body weight, measured weekly.
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Tabelas

Table 3. Body weights and anogenital distance (AGD) evaluated at the PND 2 in

female controls and treated offsprings.

Experimental groups

Group 1 (n=14) Group 2 (n=17) Group 3 (n=17) Group 4 (n=20)

Body weight (g) 6.201.30 7.000.90 6.6420.78 6.80+1.05

Absolute AGD (mm) 2.38+0.34 2.31+0.31 2.35+0.24 2.17+0.29

N: number of animals. ANOVA, Tukey test. Values are expressed as mean + SD.

Table 4. Final body weights (BWf) and relative weights1 of liver, ovaries and uterus

(mean £ SD).
Experimental groups
Group 1 (n=11) Group 2 (n=11) Group 3 (n=14) Group 4 (n=12)
BWT (9) 337.45£30.10  323.72+45.93  320.64+22.70  320.75+23.76
Liver (g) 3.15+0.26 3.17+0.22 2.97+0.27 3.07+£0.16
Ovaries (g) 0.024+0.004 0.026+0.003 0.024+0.005 0.025+0.004

Hypophysis (@) 4 503740.0006 0.0037£0.0010 0.0039+0.0009 0.0039:0.0009

Uterus (g) 0.15+0.05 0.14+0.03 0.13+0.02 0.15+0.03

"RW: organ weight / final body weight x 100. N: number of animals. ANOVA, Tukey test.
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Tabelas

Table 5. Ovarian follicles, corpora lutea counting per unit area (number/mm2) and thickness of

uterine endometrium (um) in female rats from control and treated groups.

Estructures G1 (n=12) G2 (n=11) G3 (n=14) G4 (n=12)
Primordial and primary follicles 0.79+0.47 1.02+0.80 0.90+0.53 1.12+0.38
Pre-antral follicles 0.2240.09 0.21+0.14 0.1940.09 0.18+0.05
Antral follicles 0.5110.19 0.40£0.10 0.4340.05 0.4040.11
Atretic follicles 0.13+0.08 0.11+0.05 0.07+0.04 0.09+0.03
Corpora lutea 0.67+£0.15 0.67+0.18 0.68+0.14 0.67+£0.19

Endometrial thickness of (um)

273.01+60.0 279.56+63.7 253.98+38.09 261.10+63.25

N: number of animals. ANOVA, Tukey test. Values are expressed as mean + SD.
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Comissao de Etica em Ex @0 Animal

5

My

Criada alravés da Portaria DFM n° 30 de 26/04/99

Certificado

Certificamos que o (Protocolo CEEA 923/2012) Avaliagto dos efeitos individuais e de misturas dos fungicidas
procloraz, propiconazol e miclobutanil sobre o sistema reprodutor feminino de ratas Sprague- Dawley, a ser conduzido por
Viviane Mattos Pascotto, orientada pelo Prof. Titular Jodo Lauro Vianna de Camargo, Co-orientada por Carla Adriene da Silva
Franchi, com a colaboragdo de Marina Trevisan Guerra e Wilma de Grava Kempinas e Apoio Técnico de Paulo César Georgete e
Paulo Roberto Cardoso, estd de acordo com os Principios Eticos na Experimentacdo Animal adotado pelo Colégio Brasileiro de
Experimentagdo Animal (COBEA), com a ressalva de que os “ratos” sdo provenientes de Biotério convencional, sem condigdes
de atestar a Sanidade dos mesmos.

Projeto de Pesquisa aprovado em reunido da CEEA em 29/03/201

“WANMAMAVAAANANGA Lt —
Prof® Dr® Maria Rosa Bet Moraes Silva Alberto Santos Capelluppi
Presidente da CEEA Secretdrio da CEEA

Distrito Rubi&o Junior, s/n°- Botucatu ~ S.P. CEP: 18.618-970 Fone/Fax: (0xx14) 3811-6143 e-mail secretaria: capellup@fmb.unesp.br
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