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(Kesumo



O procloraz (PCZ) é um fungicida antagonista do receptor de andrégeno amplamente
utilizado na agricultura. A exposicdo pré e peri-natal durante a diferenciacdo sexual ¢
deletéria para a prole masculina, resultando em malformag¢des de 6rgdos genitais, reducdo do
peso dos orgdos reprodutores e maior retengdo de mamilos em adultos. Considerando-se que a
literatura sobre a acdo do PCZ sobre o epididimo € escassa e que € neste 6rgdo que acontece o
processo de maturagdo dos espermatozoides, justifica-se a realizacdo do presente estudo, que
pretendeu investigar se a exposicdo a baixas doses de PCZ, durante durante o periodo de
transito dos espermatozoides no epididimo, pode alterar a morfofisiologia deste érgio e a
qualidade espermatica em ratos adultos. Para tanto, foram utilizados 40 ratos da linhagem
Wistar, com idade inicial de 90 dias divididos em quatro grupos experimentais (10 ratos
cada): 0 (veiculo), 10, 15 e 30mg/Kg/dia de PCZ diluido em 6leo de milho (ImL/Kg) e
administrado oralmente (gavage) durante quatro dias. Foram avaliados pardmetros
morfofuncionais do trato genital masculino, dosagens hormonais, avaliagdes espermaticas,
além de analises histopatoldgicas do testiculo e epididimo. Nao houve diferenca
estatisticamente significativa entre os grupos controle e tratados em relacdo aos parametros
avaliados. Os resultados indicam que a exposi¢@o a baixas doses de PCZ, nestas condi¢des
experimentais, ndo compromete a morfofisiologia do epididimo e a qualidade espermatica em

ratos adultos.



Abstract



Prochloraz (PCZ) is a fungicide and androgen-receptor antagonist that is used worldwide in
horticulture and agriculture. Pre- and perinatal exposure to this pesticide during sexual
differentiation is deleterious for the male offspring, resulting in genital organ malformation,
reduced reproductive organ weights and increased nipple retention in adults. Given that the
literature on the effects of PCZ on the epididymis is scarce and that sperm maturation takes
place in this organ, the present investigation aimed to determine whether low PCZ doses,
administered during the sperm transit through the epididymis, can alter the morphophysiology
of this organ and sperm quality in rats. For this, adult male Wistar rats, 90 days old, were
assigned into four different groups (10 rats each): 0 (vehicle), 10, 15 and 30mg/Kg/day of
PCZ diluted in corn oil (ImL/Kg) administered orally for four days. Morphofunctional
parameters of the male reproductive tract, hormonal levels, sperm evaluations, and
histopathologic analysis of testis and epididymis were assessed. There were no statistically
significant differences between the treated and control groups in relation to the evaluated
parameters. The results reported herein show that PCZ exposure, in these experimental
conditions, does not compromise epididymal morphophysiology or sperm quality in the adult

rat.
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Qntrodugio



1.1. Praguicidas

Agrotoxico ¢ qualquer substincia ou mistura de substincias utilizadas para a
prevencgdo, destruicdo ou controle de pragas, incluindo vetores, ervas daninha ou doencgas de
plantas capazes de interferir na producédo, processamento, estocagem e transporte de alimentos
(Organizagdo Pan-Americana da Satde-OPAS, 1996), também definida como praguicidas
pela FAO (Organizagdo para Agricultura e Alimentacdo das Nacdes Unidas, 1980) podendo
ser de origem sintética ou bioldgica (World Health Organization-WHO, 1990).

Devido ao uso extensivo de praguicidas (fungicidas, herbicidas, inseticidas) durante
anos, em diversas regides do mundo, houve um grande aumento nos niveis de contaminagao
ambiental acarretando diversos danos a satide humana (Bordjiba et al., 2001).

Dados da WHO (2002) demonstraram que ocorrem, a cada ano, de 30 mil a 40 mil
mortes devido a intoxicagdes por praguicidas. Sua exposi¢do pode ser atribuida ao consumo
de alimentos oriundos da producdo agropecudria, ao contato direto, no caso dos aplicadores
rurais e/ou manipuladores, ou ainda ao contato indireto, como no caso das populacdes que
estdo sujeitas a aplicacdo de praguicidas para controle de vetores de endemias (ANVISA,
2003).

Exposicdo a substancias quimicas podem contribuir para o surgimento de disturbios
em varias estruturas e fungdes envolvidas na reprodug¢do de seres humanos e de outras
espécies de animais, o que vem sendo motivo de grande preocupacdo nos ultimos anos
(Neubert, 2002). Efeitos induzidos por essas substancias podem ocorrer pela interagdo direta
da substancia com componentes do sistema reprodutor ou indiretamente pela interferéncia na
regulacdo enddcrina, visto que, tanto o desenvolvimento quanto a manutencdo do sistema

reprodutivo € dependente de interagdes hormonais (Whitley et al., 1994).



Sendo assim, a interferéncia de qualquer toxico na intera¢do do eixo hipotalamo-
hipofise-gonada, responsavel pela regulacdo endocrina, pode perturbar a homeostase

reprodutiva e consequentemente levar a anormalidades (Neubert, 2002).

1.2. Influéncia dos contaminantes ambientais na regulacio endécrina

A satde de um individuo ¢ determinada pela interagdo entre dois fatores: o ambiente
interno do corpo e o ambiente externo a ele. Sendo assim, o ar limpo, agua potavel e alimento
livre de toxinas sdo requisitos fundamentais para garantir uma vida saudavel (Bratt, 2000). No
entanto, ¢ cada vez maior a contamina¢do do ambiente devido as atividades agricola e
industrial, usados para atender as crescentes necessidades da sociedade acarretando em
consequéncias na saude humana (Bratt, 2000; Bordjiba et al., 2001).

Uma correlagdo entre a contaminacdo ambiental e o aparecimento de doencas e
alteragdes reprodutivas na populagdo humana e em animais, realizada nos Estados Unidos no
inicio de 1947, comecou a preocupar a opinido publica (Tarin, 1972). A partir dessas
evidéncias iniciou-se uma série de debates entre a comunidade cientifica de diversos paises e
as agéncias regulatorias internacionais a respeito dos efeitos adversos que podem resultar da
exposi¢cdo a um grupo de quimicos que tém o potencial de alterar o funcionamento normal do
sistema enddcrino de animais e humanos. Entre essas alteragcdes estd um significante declinio
na qualidade e quantidade do sémen humano (Auger et al., 1995).

Ao mesmo tempo, a incidéncia de hipospadia e criptorquidia vem crescendo
consideravelmente (Czeizel, 1985; Matlai & Beral, 1985), assim como o cancer testicular, o
qual ¢ agora a malignidade mais comumente encontrada em homens jovens (Nethersell et al.,
1984; Pike et al., 1987; Sociedade Brasileira de Urologia, 2011) e cancer de prostata e pénis,

que acomete homens acima de 50 anos (Sociedade Brasileira de Urologia, 2011).



Tem sido evidenciado que varias substidncias quimicas presentes na polui¢do
ambiental tém propriedades parecidas com hormdnios, e que, portanto, agem como tal no
organismo, por isso conhecidos como desreguladores enddcrinos ou xenohomdnios
(Paumgartten, 2003), ou seja, ¢ um agente exodgeno capaz de interferir na sintese, reserva,
liberagdo, transporte, metabolismo, ligacdo, a¢do ou eliminagdo de hormodnios naturais do
organismo responsaveis pela regulagdo da homeostase e dos processos de desenvolvimento
(Kavlock et al., 1996).

As substancias tdxicas podem desregular o sistema enddcrino e reprodutivo de modo
direto, quando a estrutura quimica do téxico € similar a de um hormdnio, favorecendo a
ligagdo da molécula do téxico ao receptor especifico deste hormdnio, ou ainda de modo
indireto, em que o toxico pode alterar a estrutura do horménio durante sua sintese ou
glicolisag¢@o, ou mudar o metabolismo hormonal, ocasionando um aumento ou diminui¢do nos
niveis hormonais (Neubert, 1997; Sokol, 1997; Neubert, 2002).

A interferéncia da a¢do de hormdnios esteroidais pode ocasionar diversos prejuizos
para o trato reprodutor masculino. Em investigacdes laboratoriais, esses compostos
apresentaram atividades que mimetizam ou antagonizam aquelas dos hormonios sexuais
esteroidais, e que, portanto tornam esses compostos fortes candidatos a agentes causadores de
deterioracdo da qualidade espermatica e de desordens do trato reprodutivo masculino (Sharpe
& Skakkebaek, 1993).

Especula-se que problemas referentes as alteragdes reprodutivas em humanos e em
outras espécies de animais, podem estar relacionados as modificagdes ambientais que
aconteceram nos ultimos 50 anos, nos ambientes fisico, quimico, bioldgico e sociocultural

(Paumgartten, 2003).



Muitos sdo os estudos que relataram toxicidade no aparelho reprodutor masculino
mediado por contaminantes ambientais. Essas alteracdes podem ocorrer na vida pré-natal,
neonatal, pubere, adulta ou ainda em mais de uma destas fases, dependendo do momento de
exposi¢do ao toxico (Neubert, 2002; Phillips & Tanphaichitr 2008).

Diversos contaminantes quimicos ambientais, tais como inseticidas, herbicidas,
fungicidas, plastificantes, entre outros, ja foram identificados como tendo atividades
antiandrogénica e/ou estrogénica, atuando assim como desreguladores enddcrinos (Kelce et

al., 1997; Gray et al., 1999; Parks et al., 2000; Jarfelt et al., 2005).

1.3. Praguicidas e seus reflexos ambientais

A contaminagdo ambiental pelos praguicidas pode ocorrer de diversas maneiras,
poluindo o ar (pulverizagdes), o solo (lavouras) e a dgua (lengois freaticos e leitos de rios)
(Moreira et al., 2002) em sua maioria persistem no ambiente interferindo em toda a cadeia
ecologica do ecossistema (ANVISA, 2010).

O uso continuado e indiscriminado de praguicidas e a propriedade de volatilizacdo
destes compostos quimicos sdo fatores que intensificam impactos ambientais, tais como:
alteracdes e perdas do perfil do solo, fauna e flora regionais (BRASIL, 2010). Ou seja, a
utilizagdo desses agentes toxicos provoca efeitos sobre diferentes populagdes favorecendo a
colonizacdo da area por espécies mais resistentes, diminuindo a biodiversidade e gerando,
assim, diversos efeitos sobre o equilibrio ecoldgico local (Moreira et al., 2002).

A bioacumulacdo ¢ um fator importante na potencializagcdo da acdo toxica do agente
quimico no ambiente, pois através deste processo os seres vivos absorvem e retém substancias
quimicas no seu organismo em quantidade superior as encontradas no ambiente (Mesquita,

2001).



A combinagdo entre compostos que sdo pouco ou nio sio toxicos, mas, que devido ao
efeito sinérgico e da potenciacdo, também favorecem a capacidade de degradagdo ambiental e
de deterioracdo da saide humana (FUNASA, 2010).

No Brasil foram criadas leis, portarias e resolugdes a fim de diminuir e controlar o uso
de praguicidas, no entanto, o que vem ocotrrendo ¢ o aumento significativo do uso desses
compostos, principalmente os de uso proibido em outros paises, posto que empresarios do
setor de defensivos agricolas veem no Brasil a oportunidade de continuidade do seu
empreendimento, de tal forma que esses produtos continuam sendo comercializados mesmo
com sua a¢do nociva comprovada (ANVISA, 2010).

Dados do Ministério da Saude indicam que grande parte dos casos de intoxicacdes por
praguicidas ocorre nas regides rurais, no entanto a real dimensdo do problema nio ¢
evidenciada, uma vez que esses dados advém de Centros de Controle de Intoxicacdes situados
em centros urbanos, que em sua maioria sdo inexistentes ou de dificil acesso para muitas
populagdes rurais (Bochner, 2007).

Grande parte da contaminagdo humana por praguicidas ocorre através da via
ambiental, entretanto, o impacto resultante da contaminagdo ambiental &, em geral,
consideravelmente menor que o impacto resultante da via ocupacional (Almeida & Garcia,
1991; Gonzaga et al., 1992; Faria et al., 2000; ANVISA, 2010).

Com exce¢do de alguns grandes exportadores, a agricultura préxima dos grandes
centros ¢ de pequeno porte e uma atividade eminentemente familiar, em que adultos e
criangas se ajudam mutuamente no trabalho, de tal modo que ambos estdo sujeitos a elevado
risco de contaminagdo. Esse problema ¢ ainda mais preocupante uma vez que esses
compostos possuem atividade carcinogénica e/ou de desregulacdo enddcrina, além de serem

escassos os estudos referentes a acdo de sua exposi¢do continuada sobre o corpo humano



ainda em desenvolvimento (Moreira et al., 2002).

1.4. Mistura de praguicidas

A exposicdo humana aos contaminantes ambientais ndo se limita a compostos
individuais, visto que, muitos destes produtos quimicos geralmente sdo misturas de diferentes
fontes, como farmacéuticos, residuos de praguicidas, ou alcool (Veeramachaneni, 2008). E
dificil prever a toxicidade de tais misturas baseadas apenas no conhecimento sobre a
toxicidade e mecanismos de acdo de compostos isolados (DeRosa et al, 2004; Nourizadeh-
Lillabadi et al., 2009).

Sdo relativamente poucos os estudos que abordam misturas quimicas e seus possiveis
efeitos na salide humana devido a inimeros fatores que confundem a avaliagdo dessas
misturas (Carpenter et al, 1998; Mantovani et al, 2006). No entanto, vem aumentando o
interesse entre a comunidade cientifica em pesquisar o risco que a populagdo estd sujeita
quando expostas a esses compostos quimicos (DeRosa et al., 2004; Mantovani et al., 2006).

Alguns estudos indicam o aumento de criptorquidia em filhos de mulheres que
trabalham em 4reas agricolas e/ou vivem nas proximidades onde se aplicam diversos tipos de
praguicidas (Kristensen et al., 1997; Weidner et al., 1998; Carbone et al., 2007; Andersen et
al., 2008). Pierik et al. (2004) também relataram malformag¢des congénitas associadas a
exposi¢do aos praguicidas e fumo.

Jacobsen et al. (2010) mostraram que ratas expostas a mistura de cinco praguicidas
(Procimidona, Mancozeb, epoxiconazole, Tebuconazole e Procloraz) durante a gestagdo e
lactacdo induz efeitos graves como aumento de distdcia e mortalidade na prole.

Perobelli et al. (2011) combinando cinco praguicidas sendo eles: Dicofol, Dieldrin,

Endosulfan (Inseticidas Organoclorados); Diclorvos (Inseticida Organofosforado) e



Permetrina (Inseticida Piretrdide), observaram comprometimento da motilidade espermatica
em ratos, sugerindo que o epididimo pode ser dOrgdo-alvo para os efeitos adversos de
praguicidas na reprodugdo, sobretudo quando estes produtos quimicos estdo combinados em
misturas.

Efeitos adversos na fun¢do reprodutiva masculina também foram relatados em ratos,
devido a exposicdo da combinacdo de Dimetoato e Deltametrina, no qual observaram
alteragdes morfologicas dos espermatozoides e diminui¢do da concentragdo espermatica no
epididimo (Abdallah et al., 2010).

Eustache et al. (2009) observaram em ratos expostos a longo prazo e a baixas doses da
combinacdo de Genisteina e Vinclozolin, diversas anomalias no trato reprodutor masculino,
alteragcdes na produgdo e qualidade espermdtica acarretando em comprometimento na
fertilidade. Em outro estudo, a mistura de Vinclozolin e Procimidona provocou diminui¢do no
peso de 6rgdos androgenos dependentes, bem como nos niveis de testosterona em ratos (Gray
et al., 2001; Nellemann et al., 2003).

Rider et al. (2010) sugerem que compostos quimicos que possuem agdo toxica no
mesmo tecido, independentemente do seu mecanismo especifico de agdo, possuem efeito

acumulativo e aditivo quando em combinagao.

1.5. Relevancia do Tema

A utilizagdo dos praguicidas na agricultura deu-se inicio na década de 1920, época em
que eram pouco conhecidos do ponto de vista toxicoldgico. Durante a Segunda Guerra
Mundial foram utilizados como arma quimica, tendo seu uso expandido a produg¢@o industrial
mundial. No Brasil, foram primeiramente utilizados em programas de satde publica, no

combate a vetores, controle de parasitas passando a ser utilizados mais intensivamente na



agricultura a partir da década de 1960 (OPAS, 1996).

A utilizag¢do dos praguicidas no Brasil do ponto de vista ambiental e principalmente de
saude publica tem determinado um forte impacto negativo, com contamina¢do dos varios
meios (ar, 4gua e solo) e muitos casos de efeitos adversos na satde, principalmente os de
longo prazo, que podem determinar doengas cronicas podendo até mesmo levar a morte.

Além da exposicdo ocupacional, a contaminacdo ambiental coloca em risco de
intoxicagdo outros grupos populacionais, principalmente pela ingestdo de alimentos
contaminados, ou seja, efeitos dos praguicidas sobre a satide ndo dizem respeito apenas aos
trabalhadores expostos, mas a populacdo em geral.

O interesse em se estudar esses agentes quimicos introduzidos ou disseminados pelo
homem no ambiente tem aumentado, pois existem evidéncias de afetar drasticamente o
desenvolvimento normal, promovendo alteracdes que se perpetuam no individuo, podendo
inclusive diminuir a qualidade espermatica humana e em outros animais, paralelamente ao
aumento de problemas do trato reprodutor masculino.

Mesmo sendo muitos os trabalhos acerca dos efeitos dos praguicidas na saide
reprodutiva, muitos sdo controversos e precisam ser confirmados e elucidados, tanto em
animais de experimenta¢do como em humanos, além do fato de que a exposi¢do humana aos
contaminantes ambientais ndo estd restrito a compostos individuais, visto que muitos desses
produtos quimicos sdo utilizados em combina¢do com outros compostos e possuem efeito
acumulativo no ambiente.

O Procloraz ¢ um fungicida da classe imidazol e tém a capacidade de interferir nos
mecanismos enddcrinos induzindo efeitos antiandrogénicos em in vivo e in vitro (Jacobsen et
al., 2010). Pode alterar também niveis hormonais tiroidianos afetando o desenvolvimento

sexual do cérebro (Vinggaard et al., 2002; 2005) além de aumentar a mortalidade da prole



(Taxvig et al., 2007). Dados experimentais mostraram que o Procloraz prolonga o periodo
gestacional em ratas, provavelmente devido ao aumento de progesterona (Noriega et al., 2005;
Vinggaard et al., 2005; Taxvig et al., 2007) efeitos comuns provocados pela exposicdo a
diversos fungicidas imidazoles (Moser et al., 2001; Noriega et al., 2005; Taxvig et al., 2007).
Estudos em ratos evidenciaram a ocorréncia de alteragdes importantes na prole
masculina como diminui¢cdo da distancia anogenital, do peso da prostata e epididimo, bem
como, maior retencdo de mamilos e de hipospadia, cujas maes foram expostas a doses
superiores a 30mg/Kg de Procloraz (Noriega et al., 2005; Vinggaard et al., 2005; Christiansen
et al, 2009). Este fungicida também pode induzir diminuicdo nas concentragdes de

testosterona (Vinggaard et al., 2005; Laier et al., 2006; Blystone et al., 2007) possivelmente

devido a interagdo com o receptor de andrégeno e deste modo interferir no desenvolvimento sexual masculino

(Willingham et al., 2006).

Diante desse contexto, esse trabalho objetiva investigar se a exposicdo a diferentes
doses do fungicida Procloraz, durante o periodo de transito dos espermatozoides pelo
epididimo do rato adulto, pode alterar as fungdes deste orgdo e a qualidade espermatica, visto
que, ¢ o orgdo onde ocorre o processo de maturacdo espermatica e a literatura sobre a acdo

desse fungicida no epididimo ¢ escassa.
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Abstract

Prochloraz (PCZ) is a fungicide and androgen-receptor antagonist that is used worldwide in
horticulture and agriculture. Pre-and perinatal exposure to this pesticide during sexual
differentiation is deleterious for the male offspring, resulting in genital organ malformation,
reduced reproductive organ weights and increased nipple retention in adults. Given that the
literature on the effects of PCZ on the epididymis is scarce and that sperm maturation takes
place in this organ, the present investigation aimed to determine whether low PCZ doses,
administered during the sperm transit through the epididymis, can alter the morphophysiology
of this organ and sperm quality in rats. For this, adult male Wistar rats, 90 days old, were
assigned into four different groups (10 rats each): 0 (vehicle), 10, 15 and 30mg/Kg/day of
PCZ diluted in corn oil (ImL/Kg) administered orally for four days. Morphofunctional
parameters of the male reproductive tract, hormonal levels, sperm evaluations, and
histopathologic analysis of testis and epididymis were assessed. There were no statistically
significant differences between the treated and control groups in relation to the evaluated
parameters. The results reported herein show that PCZ exposure, in these experimental
conditions, does not compromise epididymal morphophysiology or sperm quality in the adult

rat.

Keywords: Reproductive Toxicity; Prochloraz; Epididymal Biology; Fertility
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1. Introduction

The epididymis is an organ of the male genital system, formed by a highly convoluted
duct that connects the efferent ducts to the vas deferens (Hermo and Robaire, 2002; Sullivan
et al., 2005), and performs a variety of functions, including the transport, protection,
maturation, concentration and storage of sperm (Hermo and Robaire, 2002; Rodriguez et al.,
2002).

Sperm transit time through the epididymis has an important role in the sperm
maturation. Many morphological, physiological and biochemical sperm characteristics are
modified as part of this process (Orgebin-Crist, 1969), through an orchestrated interaction
between the lamina propria that encircles the epithelium of the duct, the epididymal
epithelium, the luminal fluid components and the maturing sperm (Klinefelter, 2002;
Toshimori, 2003). Thus, an alteration in the transit time can provoke problems in sperm
maturation as well as alter the number of gametes available for ejaculation (Klinefelter, 2002).

Studies have demonstrated increase in adverse outcome of human and wildlife
reproduction linked to chemical exposures, such as increased dysfunction of the male
reproductive tract, evidenced by a higher frequency of testicular cancer, cryptorchidism,
hypospadias and decreased sperm quality in humans and other animals (Jégou et al., 1999;
Paumgartten, 2003), suggesting that the epididymis is the target of these toxic substances
(Klinefelter and Suarez, 1997).

It has been reported that PCZ, an imidazole fungicide worldwide used in horticulture
and agriculture, disrupts male rat differentiation (Blystone et al., 2007). The action of
imidazoles used as fungicides or antimycotic drugs is based on the inhibition of the
cytochrome P450—dependent 14a-demethylase activity that is required for the conversion of
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lanosterol to ergosterol (Henry and Sisler, 1984), an essential component of fungal cell
membranes. The molecular basis of this inhibition is the presence of an imidazole moiety that
interacts strongly with the iron atom of cytochrome P450 (Laignelet et al., 1992).

Maternal exposure to PCZ during the gestational period of sexual differentiation
resulted in hypospadias and other abnormalities, such as reduced reproductive organ weights,
and increased retention of nipple/areolas in male rat offspring (Laier et al., 2006; Noriega et
al., 2005; Vinggaard et al., 2005a). PCZ is reported to reduce fetal testosterone production in
vivo and ex vivo (Laier et al., 2006; Vinggaard et al., 2005; Wilson et al., 2004) and be
androgen receptor (AR) antagonist in vitro and in vivo (Andersen et al., 2002; Noriega et al.,
2005; Vinggaard et al., 2002). However, the relationship between reduced fetal testosterone
production and morphological effects in adult males is not well understood (Blystone et al.,
2007).

Given that the literature on the effects of PCZ on the epididymis is scarce and that
sperm maturation takes place in this organ, the present investigation aimed to determine
whether low PCZ doses, administered during the sperm transit through the epididymis, can

alter the morphophysiology of this organ and sperm quality in rats.

2. Materials and Methods
2.1. Animals

Adult male (90 days old, weighing 400g; n=40) Wistar rats were supplied by Central
Biotherium of the Sdo Paulo State University and maintained in polypropylene cages (43 x 30
x 15 cm) with laboratory-grade pine shavings as bedding. Rats were maintained under
controlled temperature (£23°C) and lighting conditions (12L, 12D photoperiod, lights
switched off at 07:00 h) and had free access to food and water. Animals were allowed to adapt
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for at least 1 week before the beginning of the experiment. The experimental protocol
followed the Ethical Principles in Animal Research adopted by the Brazilian College of
Animal Experimentation and approved by the Biosciences Institute/ UNESP Ethical

Committee for Animal Research (Protocol number: 211).

2.2. Experimental groups and treatment

Male rats were randomly assigned into four different groups (10 rats each): 0
(vehicle), 10, 15 and 30mg/Kg/day of PCZ (Sigma Chemical Co., St. Louis, Mo., USA, code
45631) diluted in corn oil (1mL/Kg) administered orally (gavage) for four days, which is time
that sperm lead to migrate from the caput to the proximal cauda epididymidis (Robb et al.,
1978), avoiding possible contributions of testes (Klinefelter et al., 1990). The doses were
chosen based on the fungicide LD50 (Bayer, 2007). In order to evaluate endpoints of general
reproductive toxicity and fertility the study was conducted in two steps, called Experiment 1

and Experiment 2, described as follows.

2.3. Experiment 1
2.3.1. Body weight and weight of reproductive organs

On the day following the end of treatment the animals from each experimental group
were slightly anaesthetized with ether and killed by decapitation. The right testis, epididymis
and vas deferens, ventral prostate and seminal vesicle (without the coagulating gland and full
of secretion) were removed and their weights (absolute and relative to body weights) were

determined.

2.3.2. Serum hormone levels

After decapitation, blood was collected from the ruptured cervical vessels for the
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determination of the serum concentrations of testosterone, luteinizing hormone (LH), and
follicle-stimulating hormone (FSH). The serum was obtained after centrifugation (2400 rpm,
20 min, 4°C) in a refrigerated apparatus and was frozen at 20°C until the moment of hormonal
determination. The analyses were made at the Laboratory of Neuroendocrinology of Séo
Paulo State University (USP - Ribeirdo Preto). Serum levels employed specific kits supplied
by ImmuChem™. All samples were dosed in duplicate in the same assay to avoid inter-assay

CITOT1S.

2.3.3. Daily sperm production per testis, sperm number and transit time in the epididymis
Homogenization-resistant testicular spermatids (stage 19 of spermiogenesis) and
sperm in the caput / corpus epididymis and cauda epididymis were counted as described
previously by Robb et al. (1978), with adaptations by Fernandes et al. (2007) described as
follows: the right testis, decapsulated and weighed soon after collection, were homogenized in
5 mL of NaCl 0.9% containing Triton X100 0.5%, followed by sonication for 30 sec. After a
10-fold dilution a sample was transferred to Newbauer chambers (four fields per animal),
preceding a count of mature spermatids. To calculate daily sperm production (DSP) the
number of spermatids at stage 19 was divided by 6.1, which is the number of days these
spermatids are present in the seminiferous epithelium. In the same manner, caput/corpus and
cauda epididymis portions were cut into small fragments with scissors and homogenized, and
sperm counted as described for the testis. The sperm transit time through the epididymis was

determined by dividing the number of sperm in each portion by DSP.

2.4. Experiment 2
2.4.1. In utero artificial insemination

Because rats produce and ejaculate an excess of qualitatively normal sperm, artificial
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17
in utero insemination of a fixed, critical number of sperm has been suggested as a means of
increasing the sensitivity of a toxicant-induced decrease in sperm quality in the rat (Amann,
1986). According to this technique, a fixed number of sperm collected in the cauda
epididymis is inseminated directly into the uterus permitting evaluation of sperm quality,
without the interference of other factors such as alterations to the sexual behaviour pattern and
number of sperm available for ejaculation (Klinefelter, 2002).

Females (60 days old, weighing 230g; n =80) in induced oestrus by LHRH were
paired with sexually experienced, vasectomized males for 1 h. Receptive females (that
exhibited lordosis) were selected for insemination. The isolation and preparation of distal
cauda sperm for insemination was similar to that described previously (Kempinas et al.,
1998b; Klinefelter et al., 1994). When insemination was complete, the abdominal musculature

was sutured. Females were killed 20 days later to evaluate fertility.

2.4.1.2 Fertility evaluation

On the 20th day of gestation the females were killed by decapitation. After collection
of the uterus and ovaries, the number of corpora lutea, implants, resorptions, live and dead
fetuses were determined. From these results the following parameters were calculated:
fertility potential (efficiency of implantation): implantation sites/corpora lutea x 100; rate of
pre-implantation loss: number of corpora lutea - number of implantations/number of corpora
lutea x100; rate of post-implantation loss: number of implantations - number of live

fetuses/number of implantations x100.
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2.4.2. Sperm motility

Sperm motility was evaluated from sperm used for artificial insemination and
immediately diluted in 2 mL of modified HTF medium (human tubular fluid, Irvine
Scientific), prewarmed to 34°C. Then an aliquot of 10uL of the diluted sperm was placed in a
Makler chamber (Irvine, Israel) and analyzed under a light microscope, at 400x magnification.
One hundred sperm were evaluated per animal and classified for motility into: mobile, with

progressive trajectory; mobile, with nonprogressive trajectory and immotile.

2.4.3. Histological Analysis of Testes and Epididymis

The testis and epididymis were removed and fixed in Bouin fixing solution (picric
acid, formaldehyde and glacial acetic acid, 7.5:2.5:0.5, v/v) for 24 h. The pieces were
embedded in paraffin wax and sectioned at 5 mm. The histopathological evaluation of organs
was accomplished quantitatively for the testis and qualitatively for both organs under a light

microscope following specific guidelines for toxicological studies (Foley, 2001).

2.5. Statistical analysis

For comparison of results among the experimental groups, statistical tests for analysis
of variance (ANOVA) were utilized with the ‘a posteriori’ Tukey-Kramer test or the
nonparametric Kruskal-Wallis test with the ‘a posteriori’ Dunn test, according to the

characteristics of each variable. Differences were considered significant when p < 0.05.

3. Results
3.1. Experiment 1
No significant differences in body weights occurred among the groups during the

experimental period. In the same manner, the absolute and relative weights of the
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reproductive organs did not differ, as shown in Table 1.

Treatments with different doses of PCZ did not result in significant changes in serum
of testosterone, LH, or FSH, between the experimental groups (Table 2).

In relation to number of mature spermatids in the testis and DSP, there were no
statistically significant differences between groups. In the epididymis the sperm number and
transit time in the caput/corpus and cauda regions were also similar between groups after PCZ

exposure (Table 3).

3.2. Experiment 2

The parameters evaluated after in utero artificial insemination were similar between
control and treated groups, as shown in Table 4. Similarly, sperm motility evaluation showed
that there were no statistically significant differences among the experimental groups (Figure
1). Histopathological analysis of the testes and epididymis under a light microscope did not
reveal any apparent alterations that could be attributed to the fungicide exposure (data not

shown).

4. Discussion

Although aimed at meeting the growing needs of society, industrial and agricultural
activities have consistently increased the problem of environmental contamination, imposing
consequences on human health (Bordjiba et al., 2001; Bratt, 2000).

It is hypothesized that the problems referencing reproductive alterations in humans
and other animal species may be related to environmental modifications that have occurred in
the last 50 years, in the physical, chemical, biological and sociocultural environments
(Paumgartten, 2003). Many studies have reported toxicity in the male genital tract mediated
by environmental contaminants. These alterations may take place prenatally, neonatally or
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during puberty, adulthood or in more than one of these phases, depending on the moment of
exposure to the toxic agent (Neubert, 2002; Phillips and Tanphaichitr, 2008).

PCZ, widely utilized in agriculture, promotes diverse reproductive dysfunctions during
sexual differentiation in rats (Blystone et al., 2007). The analysis of body weight provides
important information on the general toxicity of the compound and its possible implications in
the health of the organism (U.S. EPA, 1996).

In the present study, the similarities of body weights between control and treated rat
groups during the treatment period and after the in wutero artificial insemination procedure,
indicate that PCZ did not provoke toxicity maternal and did not compromise the general
animal health status, thus corroborating the results of Blystone et al. (2007) obtained from
pregnant Sprague-Dawley rats treated with different PCZ doses.

Determination of the relative and absolute weights of such reproductive organs as the
testis, epididymis, seminal vesicle and prostate, are important parameters for evaluating the
risk of toxic effects on the male reproductive system (Clegg et al.,, 2001). Reductions in
reproductive organ weights in Wistar rats treated with PCZ, either at high doses and / or
mixed with pesticides, have been widely reported and may be related to diminution in
testosterone levels, since these organs are androgen-dependent (Christiansen et al., 2009;
Gray et al., 1999; Hass et al., 2007; Jacobsen et al., 2010; Laier et al., 2006; Noriega et al.,
2005; Ostby et al., 1999; Taxvig et al., 2007; Vinggaard et al., 2002; Vinggaard et al., 2005),
which did not occur in the present study, probably on account of the utilization of doses lower
than those described in the literature.

It has been demonstrated that several chemical substances present in environmental
pollution have properties resembling those of hormones, and therefore act as such in the
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organism, being known for this reason as endocrine disruptors or xenohormones
(Paumgartten, 2003).

PCZ is an androgen-receptor antagonist (Andersen et al., 2002; Noriega et al., 2005;
Vinggaard et al., 2002) capable of diminishing the production of fetal testosterone in vivo and
ex vivo (Laier et al., 2006; Vinggaard et al., 2005; Wilson et al., 2004). A study by Blystone
et al. (2007) found inhibition of testosterone production in fetuses whose dams were exposed
to doses greater than or equal to 62.5 mg/Kg/day of PCZ, results similar to that found by
Noriega et al. (2005). The results of the present study did not present expressive effects on
testosterone levels. These differences may be due to the low doses utilized in the experimental
protocol. The plasma concentrations of FSH and LH were also similar between the control
and PCZ-treated animals, corroborating the data in the literature (Vinggaard et al., 2002).

Sperm parameters such as the production and storage of spermatozoids, as well as the
transit time of these cells through the epididymis remained similar between the groups after
the treatment period. Similarly, Taxvig et al. (2007), in a study of rats exposed to the triazole
fungicides tebuconazole and epoxiconazole in utero and during lactation, did not observe
significant alterations. Nevertheless, the scarcity of studies with PCZ and the utilization of
doses higher than 50mg/Kg/day realized in other studies with azole fungicides hamper a direct
comparison between the results obtained in the present study and those reported in the
literature.

Sperm motility is one of the most important parameters utilized in the evaluation of
the quality of spermatozoids in semen samples obtained in vitro (Mahadevan and Trounson,
1984) and in vivo (Barratt et al., 1993; Bostofte et al., 1990). Vinggaard et al. (2005) verified
that after perinatal exposure to PCZ doses of 30mg/Kg, there were no alterations in sperm

motility, corroborating the data of the present study.
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Noriega et al. (2005) reported severe lesions such as vacuolization and atrophy in
seminiferous tubules of rats whose dams had been exposed to high doses of PCZ. In the
present study, light microscopy found no morphological alterations in the testes or
epididymides, either in the epithelium or interstice, in all the experimental groups, given that
the utilized doses were lower than those reported in the literature.

Artificial insemination was utilized in utero to evaluate sperm quality, since this
technique excludes the influence of sexual behavior and the number of gametes available for
ejaculation in a fertility test (Klinefelter, 2002). In the present work, after this procedure the
gestation rate (number of pregnant females divided by the number of inseminated) was similar
among the different experimental groups, as were the fertility potential and the pre- and post-
implantation loss rates, indicating that there was no reduction in the sperm fertility capacity.
In a study carried out by Vinggaard et al. (2005), the pre- and post-implantation loss rates
after natural mating were not significant, indicating that at high doses PCZ also does not
induce an elevation of fetal mortality and consequently post-implantation losses,
corroborating the data from the present study. According to Fernandez et al. (2007), when the
sperm transit time through the epididymis and such sperm parameters as the number and
motility of spermatozoids are altered, a reduction in fertility potential may occur. Since none
of these parameters was altered among the experimental groups, we may suggest that the

fertility of these animals was not compromised.

5. Conclusions
In summary, the results obtained in the present study suggest that exposure to
Procloraz, under these experimental conditions and according to the parameters evaluated,

does not provoke reproductive toxicity in adult male rats.
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Figure legends
Figure 1. Sperm motility of adult rats control and treated with different doses of PCZ. Values

expressed as median and interquartile intervals. ANOVA with a post hoc Tukey test; p>0.05.
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Table 1. Body and absolute and relative organs weight of adult rats control and treated with

different doses of PCZ.
Experimental Groups
Parameters Control Treated Treated Treated
10mg/Kg/day 15mg/Kg/day 30mg/Kg/day
Final Body weight (g) 423.51+£15.93 392.23+8.42  411.08+11.46  406.30+12.00
Absolute organs weight
Testis (g) 1.74+0.05 1.61+0.04 1.64+0.04 1.67+0.04

Epididymis (mg)

Ventral prostate (mg)

Vas deferens (mg)

Seminal vesicle full (mg)
Seminal vesicle empty (mg)
Relative organs weight

Testis (g/100g)

Epididymis (mg/100g)

Ventral prostate (mg/100g)

Vas deferens (mg/100g)

Seminal vesicle full (mg/100g)
Seminal vesicle empty (mg/100g)

N

579.64+15.15
436.64+29.43
89.09+3.58
1114.50+£47.65
432.01+£25.41

412.32+11.41
138.01+4.96
104.18+7.64
21.184+0.93
267.64+18.90
103.13+8.48
9

532.00£16.02
435.31+£28.85
83.23+4.14
1031.30+80.84
439.98+33.85

413.76+16.47
135.90+4.06
111.38+7.82
21.32+1.17
262.17£16.91
111.97+8.15
10

572.34+14.03
450.21+43.85
96.92+5.21
1122.00£60.69
375.02+£32.72

401.38+10.65
139.78+3.78
108.99+9.69
23.40+1.47
273.14+13.12
91.87£8.45
10

571.36+18.35
428.08+38.78
88.76+4.20
1153.10+£63.41
377.85+28.45

412.17+£9.64
140.96+3.82
106.58+10.32
22.08+1.41
285.06+15.88
93.56+7.41
10

Data expressed as means + SEM.

ANOVA with a post hoc Tukey test; p>0.05.



Table 2. Serum sexual hormone levels of adult rats control and exposed with different doses

of PCZ.

Plasma hormonal levels (mg/dl)
Experimental groups Testosterone FSH LH
Control (n=8) 2.54+0.51 4.51+0.25 2.78+0.57
10mg PCZ (n=9) 3.17+0.78 4.754+0.23 2.54+0.60
15mg PCZ (n=9) 4.18+0.69 4.62+0.45 3.05+0.52
30mg PCZ (n=9) 4.41+£0.30 4.95+0.38 2.33+0.40

Data expressed as means + SEM. Kruskal-Wallis test with a post hoc Dunn test; p>0.05.
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Table 3. Sperm counts of adult rats control and exposed with different doses of PCZ.

Experimental groups

Control Treated Treated Treated
10mg/Kg/day  15Smg/kg/day  30mg/Kg/day

Parameters

Sperm counts and epididymal transit

Sperm number in the testis (x10°) 236.15+8.06 220.66+11.18 223.44+6.43 229.75+7.65
Daily sperm production (x10°/testis / day) 38.71£1.32 36.17+1.83 36.63£1.05 37.66£1.25
Sperm number in the caput/ corpus 144.66+9.80 125.57+5.81 136.87+7.44 140.27+8.73
epididymis (x10°)

Sperm transit time in the caput /corpus (days) 3.76+0.28 3.49+0.55 3.73+0.17 3.72+0.55
Sperm number in the cauda epididymis (x10%)  251.79+9.34 221.00+£14.65  248.14+11.23 249.50+13.02
Sperm transit time in the cauda (days) 6.56+0.33 6.11+0.38 6.81+0.35 6.65+0.35
N 8 9 10 9

Data expressed as means + SEM. ANOVA with a post hoc Tukey test; p>0.05.
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Table 4. Fertility parameters after in

exposed with different doses of PCZ.

utero artificial insemination of adult rats control and

Experimental
Parameters groups
Treated Treated Treated
Control 10mg/Kg/day 15mg/Kg/day 30mg/Kg/day
(n=9) (n=10) (n=7) (n=8)
 Body weight of dams (g) 348.68 +10.83 350.21 £7.89 311.94+ 14.57 326.70 £ 11.50
A Uterus weight with fetuses (g) 40.79 +£4.71 38.87+3.21 39.73 £ 6.63 27.90 +7.02
A Corpora lutea number 12.33 £ 0.83 12.80 +£0.44 11.14+0.46 12.88 £ 0.61
“ Implant number 10.00 £ 1.11 8.20+0.74 8.71+£1.30 7.75+1.44
A Number of live fetuses 4.00+1.29 6.75+2.18 3.00+0.84 3.75+0.86
A Fetus weight (g) 8.56 £ 1.04 7.70 £0.70 8.29+1.43 6.38 £1.58
B Pregnancy rate (%) 90.00 100.00 77.78 88.89

B Fertility potential (%)
B Pre-implantation loss (%)
B Post-implantation loss (%)

83.33 (75.00-83.33)
16.67 (16.67-25.00)
8.33 (6.67-16.67)

65.39 (61.54-78.88) 91.67 (69.17-96.15) 63.94 (43.54-78.15)

34.62 (29.12-38.46)
0.00 (0.00-5.77)

8.33 (3.85-30.83)
0.00 (0.00-8.71)

36.06 (21.85-56.46)
8.39 (0.00-13.57)

A Data expressed as means + SEM. Teste ANOVA ANOV A with a post hoc Dunnett test;

® Values expressed in median and interquartile intervals. Kruskal-Wallis test with a post hoc

Dunn.
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Gonclusio



Os resultados obtidos no presente estudo sugerem que a exposi¢do ao Procloraz, nestas
condigdes experimentais e de acordo com os parametros avaliados, ndo provocou toxicidade

reprodutiva em ratos machos adultos.
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Fotomicrografias de cortes transversais de testiculos de ratos adultos, coloragdo em HE. (A) Grupo
Controle, (B) Grupo tratado com 10mg/Kg/dia de PCZ, (C) Grupo tratado com 15mg/Kg/dia de PCZ,
(D) Grupo tratado com 30mg/Kg/dia de PCZ. E= Epitélio seminifero; In = Intersticio, L= Lumen.
(200x%).
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Fotomicrografias de cortes longitudinais da regido da cabega do epididimo de ratos adultos, coloracdo
em HE. (A) Grupo Controle, (B) Grupo tratado com 10mg/Kg/dia de PCZ, (C) Grupo tratado com
15mg/Kg/dia de PCZ, (D) Grupo tratado com 30mg/Kg/dia de PCZ. E= Epitélio; In = Intersticio; sp=

Espermatozoides no limen epididimario. (200x).
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Fotomicrografias de cortes longitudinais da regido da cauda do epididimo de ratos adultos, colora¢do em
HE. (A) Grupo Controle, (B) Grupo tratado com 10mg/Kg/dia de PCZ, (C) Grupo tratado com
15mg/Kg/dia de PCZ, (D) Grupo tratado com 30mg/Kg/dia de PCZ. E= Epitélio; In = Intersticio; sp=

Espermatozoides no limen epididimario. (200x).
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