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RESUMO

Os desreguladores enddcrinos sdo agentes quimicos capazes de agir como agonistas ou
antagonistas dos hormdnios enddgenos, interferindo na homeostasia do organismo. Como o
sistema enddcrino tem papel critico sobre o desenvolvimento e funcido do sistema genital,
este pode ser considerado um alvo particularmente vulneravel a perturbacdes enddcrinas. A
literatura apresenta dados sobre a exposi¢do aos antiandrogénicos durante a vida pré-natal e
adulta e suas consequéncias sobre a funcdo reprodutiva de machos. Entretanto, poucos
estudos se atentaram para as consequéncias da privacdo androgénica durante a pré-
puberdade sobre o sistema genital masculino. A pré-puberdade corresponde a fase em que o
epididimo, 6rgdo reprodutor masculino responsdvel pela maturacdo e estocagem dos
espermatozoides, passa por importantes mudancas morfofuncionais, além de consistir em
periodo de maior susceptibilidade aos desreguladores enddcrinos. O objetivo do presente
estudo foi avaliar as possiveis consequéncias da privacdo de andrégenos durante a pré-
puberdade sobre a morfofisiologia do sistema genital masculino de ratos puberes e adultos,
com énfase sobre o epididimo e qualidade espermdtica. A escolha por um agente
antiandrogénico foi devida a vasta exposi¢cdo ambiental e ocupacional da populacao
mundial a este grupo de contaminantes. Ratos machos da variedade Wistar foram alocados
em: grupo flutamida (25mg/Kg/dia de flutamida, via oral, do dia pds natal 21 ao 44) e
controle (6leo de milho, via oral, durante o0 mesmo periodo). Os animais foram avaliados
aos 50 dias e 75 dias de idade. Foram analisados os niveis séricos dos hormdnios sexuais
(LH, FSH e testosterona), niveis de testosterona intratesticular, peso de orgaos, histologia
testicular e epididimaria, imunohistoquimica para marca¢do de receptor androgénico (AR),
proteina espermdtica 22 (SP22), calmodulina (CALM) e Rab11A em tecido epididimdrio,
além de marcacdo de CALM e Rab11A no testiculo e western blot para AR no epididimo.
Avaliacdes adicionais foram realizadas nos animais de 75 dias, como comportamento
sexual, fertilidade apds acasalamento natural e inseminagdo artificial, motilidade e
morfologia espermdtica, contagens espermadticas nos testiculos e epididimos, andlise do
perfil proteico de membrana espermdtica e contagem de células de Sertoli. No grupo
tratado com flutamida, os animais puberes apresentaram reduc¢do do peso dos 6rgios

sexuais, relacionado a diminui¢do na testosterona sérica, além de alteracao no padrio de
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imunomarcacgdo para AR e CALM no epididimo. Os demais parametros foram compardveis
entre os grupos experimentais. Nos animais de 75 dias de idade que receberam flutamida
observou-se alteracdo no padrao de imunomarcagdo para AR, CALM e RabllA no
epididimo, diminuicdo do potencial de fertilidade apds inseminacdo artificial,
comprometimento da motilidade espermadtica, diminui¢io do nimero de espermatozoides
na cabeca/corpo e cauda do epididimo, aceleracdo do transito espermatico nestas regides
epididimérias e alteragdo na concentracdo de CALM e Rabl1A na membrana espermatica.
Os demais parametros foram similares entre os grupos experimentais. Os resultados obtidos
mostram que a privacdo de andrégenos durante a pré-puberdade causou alteragdes na
qualidade dos espermatozéides prejudicando o potencial de fertilidade dos individuos na
idade adulta. Tais resultados parecem estar associados a mudancgas no perfil proteico da
membrana dos espermatozoides e na expressdo de determinadas proteinas no epitélio
epididimério, sugerindo que o desenvolvimento pds-natal do epididimo pode ter sido

comprometido, acarretando danos funcionais permanentes ao 6rgao.

Palavras-chave: Ratos Wistar, Receptores androgénicos — Antagonistas e inibidores,

Epididimo, Pré-puberdade, Genitalia masculina.
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ABSTRACT

Endocrine disrupters are chemicals that can act as agonists or antagonists of endogenous
hormones, interfering with the homeostasis of the organism. Since the endocrine system
plays a critical role in the development and function of the male reproductive system, this is
an especially vulnerable target of potential endocrine perturbations. The literature presents
data on exposure to antiandrogens during the prenatal life and adulthood and its
consequences on the male reproductive function. However, few studies have investigated
the possible effects on the male reproductive system of rats after androgen deprivation
during prepuberty. The prepubertal period comprehends the phase in which the epididymis,
male reproductive organ responsible for the sperm maturation and storage, undergoes
significant morphofunctional changes, besides being a period of more vulnerability to
endocrine disrupters, possibly due to hormonal imprinting. The aim of this study was to
evaluate the possible consequences of androgen deprivation during the prepuberty on
morphophysiology of male reproductive system of pubertal and adult rats, focusing on the
epididymis and sperm quality. The choice of an antiandrogen agent was due to extensive
environmental and occupational exposure of the general population to this group of
contaminants. For this purpose, Wistar male rats were divided into flutamide group
(flutamide 25mg/Kg/day, orally, from postnatal day 21 to 44) and control group (corn oil,
orally, during the same period). The animals were evaluated at 50 days and 75 days of age.
At both ages it was evaluated the serum sexual hormone levels, intra-testicular testosterone
levels, organ weights, testicular and epididymal histopathology, immunohistochemistry for
androgen receptor (AR), sperm protein 22 (SP22), calmodulin (CALM) and Rabl1A in
epididymal tissue, besides immunostaining for CALM and Rabl1A in the testis and
Western blot for AR in the epididymis. Furthermore, additional parameters were assessed
in 75-day-old animals, such as sexual behavior, fertility after natural mating and after
artificial insemination, sperm motility and morphology, sperm counts in the testis and
epididymis, proteomic of sperm membrane by bi-dimensional electrophoresis and Sertoli
cells counts. Pubertal animals showed reduced reproductive organs weight, probably due to
a decrease in serum testosterone and changes in the pattern of immunostaining for AR and

CALM in the epididymis. The other parameters were comparable between the groups. In
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animals at 75 days old changes in the pattern of immunostaining for AR, CALM and
Rabl1A in the epididymis, decreased fertility potential after artificial insemination,
impaired sperm motility, decrease in the sperm numbers in the caput/corpus and cauda
epididymis, acceleration of sperm transit time through these epididymal regions, and
modifications in three proteins of sperm membrane were observed. Other parameters were
similar between the groups. The results show that androgen deprivation during prepuberty
impairs sperm quality affecting the fertility potential of the animals at adulthood. These
results seem to be related to the changes in protein profile of sperm membrane and protein
expression in the epididymis, suggesting that the postnatal development of the epididymis

may have been compromised, causing permanent damage to the organ function.

Keywords: Wistar rats, androgen receptors - antagonists and inhibitors, epididymis,

prepuberty, male reproductive system.
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1. INTRODUCAO

1.1. A Experimentaciao Animal

Animais de laboratério correspondem a quaisquer vertebrados produzidos para ou
utilizados em pesquisa ou ensino. Seu uso em pesquisas pode ser considerado um
privilégio concedido pela sociedade a comunidade cientifica, com a expectativa de que tal
atividade proporcione novo e significativo conhecimento ou conduza a uma melhoria no
bem-estar animal e/ou humano (McCarthy, 1999; Perry, 2007). A decisdo por utilizar
animais na pesquisa requer pensamento critico e planejamento. O principio dos “trés Rs”,
publicado em 1959 por Russel & Burch, representa um método pratico para a
implementagdo dos principios €ticos na pesquisa experimental. Consiste em uma estratégia

pratica de substitui¢ao, refinamento e reducdo (replacement, refinement and reduction).

“Substitui¢ao” refere-se a métodos que visam evitar o uso de animais; trata-se de
substituicdes absolutas (como programas computacionais) ou parciais (por exemplo, a
substituicdo de vertebrados por animais menos derivados na escala filogenética).
“Refinamento” refere-se a modificagdes que acarretam melhorias ao bem-estar animal e
minimizam dor e estresse. “Redu¢do” corresponde a estratégias para a obtencao do maximo
de informagdes utilizando-se o menor nimero de animais possivel. Para tanto, faz-se
necessario uma andlise cuidadosa do delineamento experimental, aplicacio de novas
tecnologias, uso de métodos estatisticos adequados e controle rigoroso das acomodacdes
dos animais, atentando para temperatura, umidade relativa do ar e fotoperiodo (Committee

for the update of the guide for the care and use of laboratory animals, 2011).

O rato é um dos animais mais comumente utilizados na pesquisa experimental, sendo
o modelo de mamifero melhor caracterizado. Apresenta uma série de vantagens por prestar-
se adequadamente a modelo de estudo para doengas humanas, desenvolvimento de novos
agentes terapéuticos e estudo de resposta a agentes ambientais (Committee for the update of
the guide for the care and use of laboratory animals, 2011). No campo da toxicologia e
fisiologia da reprodugdo, o rato é o modelo experimental mais frequentemente adotado

(Maeda et al.,, 2000). As fases do seu ciclo de vida (gestacdo, lactacdo, ciclo estral,
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puberdade), relativamente mais curtas do que em outras espécies de mamiferos, sdo
consideradas importantes vantagens deste modelo animal. Além disso, se reproduzem
frequentemente e apresentam sinais fisicos externos considerados indicativos do

desenvolvimento sexual e de facil monitoramento (Ojeda & Skinner, 2006).

1.2. Morfofisiologia do Sistema Genital Masculino do Rato

O sistema genital masculino do rato (Figura 1), assim como na maioria dos
mamiferos, € composto por testiculos (gonadas), epididimos, ductos deferentes, glandulas

sexuais e 6rgao copulador.

Vesicula Seminal

Préstata Ventral

Cabeca do Epididimo

Ducto Deferente

Testiculo

Gauda do Epididimo  {—

Figura 1: Aspecto macroscopico do sistema genital masculino do rato adulto.

1.2.1. Testiculo e Espermatogénese

Os testiculos sdo 6rgdos pares localizados no interior da bolsa escrotal e revestidos
externamente por uma cdpsula de tecido conjuntivo denso - a tuinica albuginea.
Externamente e adjacente a tinica albuginea encontra-se uma camada de peritonio visceral

denominada tdnica vaginal, composta por células mesoteliais, fibroblastos e fibras
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coldgenas entremeadas por feixes de células musculares lisas. A tinica vaginal também
reveste a superficie interna da bolsa escrotal (Komdérek et al., 2000). Os testiculos sdo
compostos por intersticio e tdbulos seminiferos, responsdveis pela esteroidogénese e

espermatogénese, respectivamente (Rodriguez & Favaretto, 1999).

O intersticio € composto por tecido conjuntivo, vasos sanguineos e linfaticos, nervos,
macréfagos e células de Leydig, as quais sdao responsaveis pela producdo de andrdgenos,
substrato para uma variedade de outros hormonios esteroides (Russel et al., 1990). Em
ratos, observa-se ntimero reduzido de células de Leydig, que frequentemente se localizam

préoximo aos espagos linfaticos e se agrupam ao redor de vasos sanguineos (Foley, 2001).

Cada testiculo de rato adulto apresenta, em média, 20 tibulos seminiferos. Enquanto
0 parénquima testicular humano é formado por uma série de 16bulos de tecido conjuntivo
que compartimentalizam os tibulos seminiferos, o testiculo de rato contém quantidade
escassa de tecido conjuntivo e ndo apresenta l6bulos. Existem pequenas areas no final de
cada tdbulo seminifero que apresentam um epitélio de transi¢do. Estas regides sdo
denominadas tibulos retos e conectam os tibulos seminiferos a uma rede de canais
anastomosados, denominada rede testicular (Foley, 2001). Em animais adultos, os tibulos
seminiferos sdo constituidos por epitélio germinativo, composto por células de Sertoli e
células germinativas (espermatogdnias, espermatdcitos primdrios, secunddrios e

espermatides) organizadas em camadas concéntricas.

A célula de Sertoli € uma célula somatica que se estende desde a lamina basal até a
luz do tubulo seminifero. Desempenha variadas funcdes importantes no processo
espermatogénico, dentre elas podemos destacar o suporte estrutural e nutricional as células
germinativas em desenvolvimento, a formacdo da barreira hematotesticular através de
jungdes intercelulares, fagocitose, e a secrecdo de fluido e hormodnios (Foley 2001).
Alteracdes no numero, estrutura e/ou fungdo deste tipo celular podem resultar em danos ao
epitélio germinativo e comprometimento da espermatogénese (Boekelheid et al., 2005),
uma vez que o numero de células de Sertoli estd relacionado ao tamanho testicular no

individuo adulto e sua produc¢do espermética (Chapin et al., 1996).
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O processo de espermatogénese pode ser dividido em trés fases distintas: mitética ou
proliferativa, meidtica e espermiogénica (Clermont, 1972; Russel et al., 1990). A fase
mitética € caracterizada pela proliferacdo das espermatogdnias-tronco com a finalidade de
aumentar a populacdo espermatogonial. Em determinado momento, grupos de
espermatogonias tornam-se diferenciados e formam os espermatdcitos primarios (Amann,
1986; Russel et al., 1990). Na fase meidtica os espermatdcitos primarios (diploides) sofrem
meiose | originando os espermatdcitos secunddrios (haploides), que por sua vez sofrem
meiose II formando as espermdtides (haploides). Durante a fase espermiogénica, as
espermatides passam por um processo de citodiferenciacdo no qual ocorre condensa¢do do
material genético, formagdao do acrossoma, reposicionamento das mitocondrias, perda de
citoplasma e formacdo do flagelo, originando, finalmente, os espermatozoides (Clermont,

1972).

As diversas geracoes de células germinativas ndo estdo organizadas aleatoriamente no
epitélio seminifero, mas formam associacdes celulares de composicdo fixa que
correspondem aos estadgios do ciclo espermatogénico. Um ciclo da espermatogénese de
ratos dura aproximadamente 12 dias e apresenta-se composto por 14 estdgios. Uma
espermatogonia necessita de 4,5 ciclos para formar um espermatozoide, o que significa que
a espermatogénese completa de rato tem duracdo de 52 a 53,2 dias, dependendo da
linhagem animal avaliada (Clermont, 1972). A duracdo do processo espermatogénico &
regulada pelo genétipo das células germinativas, sendo geralmente constante entre

individuos de uma mesma espécie (Franga et al., 2005).

O processo espermatogénico estdi sob o controle neuroenddécrino do eixo
hipotalamico-hipofisario-gonadal e tem inicio a partir da puberdade, devido a um aumento
na secrecdo de gonadotrofinas (FSH: hormonio foliculo-estimulante; LH: hormoénio
luteinizante). O FSH age nas células de Sertoli estimulando suas func¢des sobre a
espermatogénese, enquanto o LH estimula as células de Leydig a produzirem andrégenos

(Maeda et al., 2000; Marty et al., 2003).

1.2.2. Epididimo
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1.2.2.1.Aspectos Estruturais e Desenvolvimento

Nos testiculos, os tibulos seminiferos convergem formando a rede testicular, a qual se
continua com os ductos eferentes. Estes ductos, por sua vez, convergem para formar um
ducto unico e altamente enovelado denominado epididimo (palavra de origem grega que
significa adjacente ao testiculo) (Figura 2). O comprimento do ducto epididimario varia de
acordo com a espécie, sendo 3 metros em ratos, 3 a 6 metros no homem e até 80 metros em

cavalos (Robaire et al., 20006).

De acordo as caracteristicas anatomicas e histologicas do epididimo, diferentes
formas de divisdo do 6rgdo em regides e segmentos tem sido propostas (Nicander, 1956;
Hoffer & Karnovsky, 1981; Hermo, 1995; Turner, 2003). A classificacdo mais utilizada
divide o epididimo de ratos em quatro regides distinguiveis macroscopicamente (Figura 2):
segmento inicial, por¢do mais proximal do ducto epididimario, diretamente ligada aos
ductos eferentes; cabeca, regiao proximal do ducto epididimério em forma de bulbo; corpo,
por¢do estreita localizada na regiio média do 6rgdo; e cauda, regido mais distal do

epididimo de onde emerge o ducto deferente (Robaire & Hermo, 1988; Turner, 1995).

Epididimo
segmento inicial ¥

cabéga

Testiculo

ducto
deferente

Figura 2: Diagrama representando o testiculo
contendo tibulos seminiferos e rede testicular, o
conjunto de ductos eferentes, o epididimo de rato
subdividido em segmento inicial, cabeca, corpo e
cauda, e o ducto deferente. [Adaptada de Robaire
B and Hermo L, 1988. Efferent ducts, epididymis
and vas deferens: structure, functions and their
regulation. In The physiology of Reproduction, E
Knobil and J D Neill, eds., pp. 999-1080. Raven
Press, New York].
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Utilizando os mesmos critérios, o epididimo humano é dividido em apenas trés
regides, denominadas cabeca, corpo e cauda. A auséncia de segmento inicial se deve ao
fato da maior parte da cabeca do epididimo humano ser constituida por ductos eferentes

(revisado por Turner, 2008).

O epididimo de mamiferos € organizado em l6bulos separados por septos de tecido
conjuntivo. Estes septos parecem nao servir apenas como suporte estrutural ao 6rgdo, mas

também exerceriam papel na separacdo funcional das regides epididimdrias (Turner et al.,

2003).

O epididimo tem origem embriondria a partir do ducto mesonéfrico devido a acdo da
testosterona, que inibe a degeneracao deste ducto e induz sua diferenciacdo em epididimo,
ducto deferente e vesicula seminal. A di-hidrotestosterona participa do processo de
enovelamento do ducto epididimadrio e proliferacdo celular no 6rgdo. A a¢do de ambos os

hormoénios no epididimo é mediada pelo receptor de androgeno (AR) (Robaire et al., 2006).

Ao nascimento, o ducto epididimdrio apresenta-se revestido internamente por
células epiteliais indiferenciadas e, externamente, por células musculares lisas em um
intersticio de tecido conjuntivo frouxo (Sun & Flickinger, 1979; 1982). A diferenciacdo do
orgdo continua durante o desenvolvimento pds-natal e, no rato, divide-se em trés fases
distintas: periodo indiferenciado, periodo de diferenciacdo e periodo de expansdo (Figura

3).

O periodo indiferenciado se estende do DPN (dia pds-natal) 1 ao DPN 15 e
caracteriza-se pela proliferacdo das células epiteliais indiferenciadas, as quais apresentam-
se como células colunares sem estereocilios. Durante o periodo de diferenciacdo (DPN 16
a 44), o epitélio do ducto epididimdrio sofre uma série de mudancas. As células colunares
indiferenciadas originam diversos tipos celulares, tais como células estreitas, claras,
principais, apicais, halo e basais, as quais serdo individualmente descritas a seguir. Ao final
do periodo de diferenciacdo, o ducto epididimério deixa de ser um canal uniforme e passa a
apresentar diferenciagdes regionais altamente especializadas ao longo de sua extensao,
decorrentes tanto de mudangas estruturais quanto fisiologicas das células epiteliais

(Dacheux et al., 2005). No periodo de expansido (DPN 44 até a vida adulta do animal),
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ocorrem 0 aparecimento de espermatozoides na luz do ducto epididimario e o aumento do
tamanho do 6rgdo em decorréncia ao aumento da sua extensido e peso (Rodriguez et al,

2002) (Figura 3).

Os mecanismos que regulam o desenvolvimento pés-natal do ducto epididimario
ainda ndo sdo completamente conhecidos. Certamente, andrégenos luminais e circulantes
exercem papel critico neste processo, apesar de outros fatores do fluido luminal
provavelmente estarem envolvidos (Rodriguéz et al., 2002). Durante o desenvolvimento
poOs-natal, a diferenciacio histoldgica e funcional da cabeca do epididimo precede a da
cauda (Rajalakshmi, 1985; Limanowski et al., 2001), principalmente devido a dependéncia
diferencial de cada regido epididimdria a fatores testiculares e aos niveis teciduais de
androgenos (Sun & Flickinger, 1982; Viger & Robaire, 1994). Os diversos tipos celulares
que compdem o epitélio epididimdrio variam qualitativa e quantitativamente entre as

diferentes regides do tecido (Reid & Cleland, 1957).

nascimento dias apo6s o nascimento

Sy 7 14 15 28 35 49

ab £ . & células estreitas
aparecimento células colunares i
das células I
halo células células " —
basais princiais lrerenciacao
v completa

células indiferenciadas

/ \

células estreitas células colunares

Figura 3: Diferenciacdo pds-natal do epitélio do ducto epididimdrio do rato. As células epiteliais do
epididimo sdo indiferenciadas até aproximadamente o dia pés natal 21, quando as células estreitas e
colunares sdo observadas pela primeira vez. Até o dia 28 as células colunares se diferenciam em células
principais e basais. A partir do dia pds-natal 36 observa-se células estreitas no segmento inicial e células
claras em toda a extensdo do ducto. Por volta do dia 49 o epitélio epididimdrio estd completamente
diferenciado. [Adaptada de Rodriguez, C.M., Kirby, J.L., Hinton, B.T. 2002. The Development of the
Epididymis. In: Robaire, B., Hinton B. (eds.) In: The Epididymis — from molecules to clinical practice,
Robaire B and Hermo L, eds., p. 251 —268. Kluwer Academic/Plenum Publisher, New York].
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Dados da literatura mostram evidéncias crescentes de que as regides e tipos celulares
do epitélio epididimério sdo similares entre a maioria dos mamiferos, incluindo o homem
(Robaire et al., 2006). As células epiteliais do epididimo desempenham uma série de
funcgdes, incluindo transporte de fons e pequenas moléculas organicas, sintese e secrecdo de
proteinas, e absorcdo seletiva do contetido luminal, garantindo apropriada maturacdo e
estocagem dos espermatozoides no ducto epididimério (Ezer & Robaire, 2002). Seis tipos
celulares, com caracteristicas morfofuncionais especificas, podem ser reconhecidos ao

longo do epitélio do ducto: células principais, basais, estreitas, apicais, claras e halo.

As células principais sdo as mais abundantes do ducto epididimdrio, representando de
65% a 80% da populacao total de células epiteliais do epididimo do rato, dependendo da
regido analisada (Trasler et al., 1988). Sdo consideradas as cé€lulas epiteliais mais
importantes deste 6rgdo e podem ser encontradas ao longo de toda a extensdao do ducto.
Apresentam uma maquinaria endocitica e secretora altamente desenvolvida (Robaire et al.,
2006) e a estrutura e funcdo deste tipo celular variam de acordo com a regido epididiméria
onde se encontra. Apresentam microvilosidades e estereocilios, responsdveis pela
reabsorcdo de fluidos e pela atividade secretora do epitélio (Cooper, 1995). A presenca de
tight junctions na por¢do luminal de células principais adjacentes forma a barreira hemato-
epididiméria, fundamental para a manutencdo do microambiente luminal e protecdo do

espermatozoide (Hinton et al., 1995; Robaire et al., 2006).

As células apicais sdo encontradas apenas no epitélio do segmento inicial do
epididimo de rato, sendo ocasionalmente encontradas em outras regides apds o
envelhecimento do animal (Serre & Robaire, 2002). As fungdes especificas das células
apicais ainda sdo pouco conhecidas, mas sabe-se que elas sdo capazes de realizar
endocitose de substiancias luminais (Robaire et al., 2006). As células estreitas também sao
restritas ao segmento inicial do epididimo de rato. Sdo caracterizadas pela presenca de
numerosas vesiculas apicais, envolvidas nos processos de endocitose e secre¢do de ions H+
para o lumem (Robaire et al., 2006), participando da regulacdo do pH luminal (Adamali &
Hermo, 1996; Breton et al., 1999; Pietrement et al., 2000).
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As células claras sdo células grandes com intensa atividade endocitica presentes na
regido da cabeca, corpo e cauda do epididimo, sendo mais numerosas na cauda. Sdao
encontradas no epididimo de diversas espécies animais, incluindo humanos (Vierula et al.,
1995; Hermo & Smith, 1998; Robaire et al., 2006). Essas células atuam na acidificagdo do
fluido luminal, evento importante para a manutencdo do espermatozoide em estado
quiescente durante sua estocagem na cauda do epididimo (Adamali & Hermo, 1996; Breton
et al., 1999; Pietrement et al., 2006, Robaire et al., 2006). As células basais podem ser
encontradas ao longo de todo o ducto epididimério. Aparecem aderidas a lamina basal e
emitem projecdes citoplasmaticas que atingem o limen, interagindo com outras células
epiteliais através de fatores pardcrinos (Shum et al., 2008). Tem sido proposto um possivel
papel imune das células basais (Seiler et al., 2000), bem como uma funcao de regulacdo do
transporte de dgua e eletrdlitos realizado pelas células principais (Cheung et al., 2005) e de
endocitose mediada por receptores (Robaire et al., 2006). As células halo sdo células
pequenas encontradas entre duas células principais adjacentes e estdo presentes ao longo de
todo ducto epididimario. Trata-se de células derivadas de mondcitos, linfocitos T auxiliares

ou linfécitos T citotoxicos (Serre & Robaire, 1999; Robaire et al., 2006).

1.2.2.2. Aspectos Funcionais

A fungdo priméria do epididimo € o transporte dos espermatozoides que chegam do
testiculo (Orgebin-Crist, 1969; Brooks, 1983). Além de transporte, o epididimo tem papel
crucial sobre a maturacdo espermadtica, regulando o desenvolvimento da motilidade, a
aquisicdo da capacidade de sofrer reacdo acrossdmica e de reconhecer e fundir-se com o
ovdcito, além de ser sitio de importantes modificacdes da membrana plasmatica dos
espermatozoides. Em adicdo, o epididimo protege os espermatozoides de espécies reativas
de oxigénio (ROS) e estoca os gametas maduros na regido da cauda (Cosentino & Cockett,
1986; Hermo & Robaire, 2002; Robaire et al., 2006). Estas funcdes sdo executadas dentro
dos diferentes ambientes luminais presentes ao longo do ducto epididimdrio, que se formam

durante o desenvolvimento pos-natal do 6rgdo (Rodriguez et al., 2002).
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Transporte dos Espermatozoides

Os espermatozoides chegam ao epididimo impulsionados pelo fluido testicular e,
possivelmente, pelo batimento ciliar ordenado das células epiteliais dos ductos eferentes.
No entanto, as células epiteliais do epididimo apresentam estereocilios imoéveis e o fluido
luminal € reabsorvido em grandes quantidades na regido dos ductos eferentes e segmento
inicial do epididimo, o que sugere a existéncia de outros mecanismos de transporte dos

espermatozoides através do ducto epididimario (Robaire et al., 2006).

O ducto epididimério € revestido externamente por uma camada de células
musculares lisas que apresentam espessura e inervacado crescentes da regidao proximal para
as regioes mais distais do 6rgdao (Baumgarten et al., 1971). Desta forma, o transporte dos
espermatozoides através do epididimo tem sido atribuido especialmente a atividade
contratil desta camada muscular externa ao ducto (Talo et al., 1979; Markkula-Viitanen et
al., 1979; Jaakkola & Talo, 1982; Jaakkola, 1983; Cosentino & Cockett, 1986), a qual é
influenciada por fatores hormonais e neuronais. A contratilidade do ducto epididimario é
controlada pelo sistema nervoso autonomo, através de inervacdo adrenérgica, colinérgica e
ndo-adrenérgica e ndo-colinérgica (Ricker et al., 1997), além de estar sujeita a agdo de
angiotensinas, vasopressinas e ocitocinas presentes no sangue (Cooper, 1998). Na cabeca e
corpo do epididimo, a inervacdo é mais escassa, a0 passo que a cauda apresenta-se
ricamente inervada por fibras do sistema nervoso simpdtico, as quais se mantém presentes

no ducto deferente (Kaleczyc et al., 1968; Ricker, 1998).

z

O tempo da passagem dos gametas pelo ducto epididimario € espécie-especifico,
atingindo de 3 a 15 dias dependendo da espécie (Cosentino & Cockett, 1986). No rato, o
tempo de transito tem cerca de 8 dias (Amann et al., 1976; Robb et al., 1978; Franca et al.,
2005). E justamente durante o trinsito dos espermatozoides pelo epididimo que ocorre a
fase final de diferenciacdo dos gametas conhecida por maturagdo espermdtica (Dacheux et
al., 2005), responsavel por tornar os espermatozoides provenientes do testiculo

funcionalmente maduros (Roberts, 2010).
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Maturagdo Espermdtica

Quando os espermatozoides de mamiferos saem do testiculo, eles possuem uma
morfologia altamente especializada, porém sdo imdveis e incapazes de fertilizar o ovdcito
(Brooks, 1983; Hermo & Robaire, 2002; Gatti et al., 2004). Durante a passagem pelo ducto
epididimdrio, muitas caracteristicas morfoldgicas e fisiolégicas dos espermatozoides sdo
modificadas (Orgebin-Crist, 1969), resultando em desenvolvimento de capacidade mével e
aquisicdo de habilidade fértil (Kempinas & Klinefelter, 2010). Como consequéncia, os
espermatozoides passam a apresentar movimento progressivo, adquirem capacidade de
ascender no trato reprodutor feminino, sofrer reacdo acrossdmica, reconhecer e ligar-se ao

ovocito (Robaire et al., 20006).

O processo de maturagdo espermdtica parece depender de uma interacdo altamente
regulada entre a ldmina propria do ducto epididimério, suas células epiteliais, o fluido
luminal que banha os espermatozoides, e os gametas propriamente ditos (Bedford, 1975;
Orgebin-Crist, 1975, Kempinas & Kinefelter, 2010). As etapas de maturacgdo,
determinantes para a qualidade espermadtica, ndo estdo sob o controle gendmico das células
germinativas e ainda ndo sdo completamente compreendidas (Dacheux et al, 2005; Roberts,
2010). O microambiente intraluminal do epididimo € rigorozamente regulado pela atividade
secretora e absortiva das suas células epiteliais (Robaire et al., 2006) e sabe-se que isso €
crucial para os processos de maturacdo dos espermatozoides (Cyr et al, 2002;. Dacheux et

al, 2005).

A aquisi¢do de potencial mével durante o processo de maturacdo abrange tanto
aumento na porcentagem de gametas méveis, quanto mudangas qualitativas no padrio de
motilidade. Espermatozoides testiculares sio imdveis e apresentam apenas uma discreta
vibracdo no flagelo. Ao passarem pela cabeca do epididimo, adquirem um padrio de
motilidade circular; ao safrem da cauda epididiméria j4 apresentam movimento progressivo
e vigoroso (Brooks, 1983; Cosentino & Cockett, 1986; Robaire et al., 2006). No entanto,
gametas no interior do epididimo permanecem em estado quiescente até o momento da
ejaculagdo (Brooks, 1983), provavelmente devido ao pH dacido do ambiente luminal

(Adamali & Hermo, 1996; Breton et al., 1999; Pietrement et al., 2006).

37



A capacidade de reconhecimento e fusdo com o ovdcito envolve componentes e
dominios especificos na membrana plasmdtica dos espermatozoides. Durante o processo
espermatogénico, a membrana plasmatica dos gametas é organizada em dominios, os quais
sdo remodelados durante a passagem pelo epididimo através da degradacdo e/ou liberagdo
de componentes testiculares e integracdo de componentes secretados pelo epitélio
epididimério, além da ocorréncia de eventos de glicosilacdo e deglicosilacao (Gatti et al.,
2004). Essas alteracdes na membrana do espermatozoide permitem a exposicdo dos
receptores de superficie necessdarios para o reconhecimento espécie-especifico entre o

espermatozoide e o ovdcito, possibilitando a fecundacao (Brooks, 1983).

Em todas as espécies estudadas, a capacidade moével e o potencial de fertilizagao dos
espermatozoides aumentam progressivamente ao longo da passagem pelo epididimo
(Orgebin-Crist, 1969; Brooks, 1983; Cosentino & Cockett, 1986; Gatti et al., 2004; Robaire
et al., 2000).

Estocagem dos Espermatozoides

Nos mamiferos, o sitio mais importante de estocagem de gametas € a cauda
epididiméria. Apesar de o tempo normal de transito espermatico através do epididimo ser
de 3 a 15 dias, dependendo da espécie de mamifero considerada, os gametas podem ser
estocados na regido da cauda por periodos em torno de 30 dias (Orgebin-Crist et al., 1975).
Sabe-se que existe uma série de diferencas quanto a composi¢do de ions, pequenas
moléculas organicas, proteinas e glicoproteinas entre o fluido luminal da cauda e aquele
encontrado nas demais regides epididimarias. No entanto, as condi¢des especiais que
permitem a estocagem dos espermatozoides em um estado quiescente na cauda
epididimdria ainda ndo foram completamente esclarecidos. O pH luminal (Carr et al., 1985)
e a presenca da proteina imobilina (Usselman & Cone, 1983; Carr et al., 1985) devem ser

considerados fatores importantes neste processo.

Os espermatozoides estocados na cauda do epididimo chegaram a esta regido do

orgdo em momentos diferentes, o que significa que apresentam idades distintas. Isso
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permite que eles respondam a capacitacdo e sofram reagcdo acrossdmica em momentos
diferentes apds a entrada no trato feminino (Jones, 1999; Sullivan et al., 2005), estratégia
muito importante para animais de fecundagao interna, principalmente nos quais a ovulagao

nao € sincronizada e induzida pela cépula (Sullivan et al., 2005).

Além do papel de estocagem dos gametas, outras fungdes t€m sido atribuidas as
regides distais do epididimo, tais como reconhecimento e eliminacdo de gametas anormais

e/ou mortos (Robaire et al., 2006).

Protegdo dos Espermatozoides

Sabe-se que a barreira hemato-epididiméria possibilita a formacdo de um
microambiente luminal especializado, fundamental para a maturagdo espermadtica. No
entanto, outro papel fundamental desta barreira é proteger os gametas contra o sistema
imunoldgico, agentes xenobidticos, espécies reativas de oxigénio, dentre outros fatores
interferentes. Os mecanismos de defesa incluem a restricdo dos compostos que alcancam o
ambiente luminal, a sintese e secre¢do de proteinas especificas como as defensinas, e a
sintese e secrecdo de compostos antioxidantes. Além disso, devido ao fato de os
espermatozoides estarem em um ambiente hiperosmético, o epididimo deve protegé-los de

mudancas acentuadas no potencial osmético do meio (Robaire et al., 2006).

Os espermatozoides de mamiferos apresentam grandes quantidades de 4cidos graxos
poli-insaturados em sua membrana plasmatica, o que os tornam especialmente susceptiveis
a peroxidacao lipidica por ROS (Poulos et al., 1973; Jones et al., 1979; Aitken & Clarkson,
1987; Vernet et al., 2004). A peroxidacgado lipidica da membrana dos espermatozoides tem
sido relacionada a defeitos na peca intermedidria, diminuicdo na motilidade espermaética
devido a defeitos no axonema, bem como diminui¢do na habilidade fertilizante (revisado

por Vernet et al., 2004).

Interessantemente, cada regido ou segmento epididimério desenvolveu seus proprios
mecanismos de prote¢do aos gametas. Isso porque a atividade metabdlica difere entre as

regides do epididimo, produzindo diferentes tipos de ROS, além de os espermatozoides
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apresentarem-se em diferentes graus de maturacdo, dependendo da regido do ducto

epididimério (Robaire et al., 2006).

1.2.2.3. Regulacdo das Fun¢des Epididimadrias
Regulacdo por Andrégenos

Nos ultimos 30 anos, tem sido claramente estabelecido o papel crucial dos
andrégenos na regulacdo de diversas funcdes epididimdrias e na sintese e secre¢do de

moléculas especificas associadas aos processos de maturacdo e estocagem de gametas

(Robaire et al., 2006).

A testosterona chega ao epididimo por duas vias principais: circulacdo sanguinea e
fluido testicular. A testosterona que atinge o epididimo via fluido testicular estd associada a
proteina ligadora de andrégeno (androgen binding protein, ABP), secretada pelas células
de Sertoli nos tibulos seminiferos. Sugere-se que a ABP exerce importante funcdo na
manuten¢do de altas concentragdes de androgenos, fundamental para as regides proximais
do epididimo (Bardin et al., 1981). No citoplasma das células epididimérias, grande parte
da testosterona € metabolizada pela enzima 5a-redutase em 5-dihidrotestosterona (DHT),
principal andrégeno regulador das fungdes epididimédrias (Robaire et al., 2007; Patrdo et al.,

2009)

Condicdes de privacdo de andrégenos tém sido experimentalmente alcancadas através
de diversas metodologias, tais como castragdo bilateral, tratamento com quimicos
antagonistas de andrégenos ou de hormonio liberador de gonadotrofina (GnRH). No estado
de privagcdo androgénica os espermatozoides tornam-se imdveis, perdem a habilidade fértil
e morrem (Ezer & Robaire, 2002). Apds orquiectomia, o peso, o didmetro do lumen e a
altura das células epiteliais do ducto epididimario diminuem, enquanto o volume de tecido
intersticial aumenta (Delongeas et al., 1987). Mudangas morfoldgicas nas células
principais, em contraste a manuten¢do da morfologia das demais células epiteliais do
epididimo, sugere que este grupo celular seja especialmente sensivel aos niveis de

androgenos (Moore & Bedford, 1979). Como consequéncia a privacdo androgénica,
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observa-se um comprometimento da funcao secretora das células principais, diminui¢do da
atividade dos receptores androgénicos e da enzima Sa-redutase no epididimo, sugerindo
que os mecanismos de acdo de andrégenos sdo prejudicados na auséncia ou reducdo dos
niveis de testosterona (Robaire, 1977; de Larminat et al., 1978; Pujol & Bayard, 1979; Zhu
et al., 2000; Hamzeh & Robaire, 2009).

As quatro regides epididimarias respondem de modo diferente ao reestabelecimento
dos niveis normais de testosterona circulante. As altera¢des na cabega, corpo e cauda do
epididimo sdo revertidas, o que ndo ocorre no segmento inicial. Estudos mostram que o
segmento inicial do epididimo depende de fatores do fluido testicular para manutengdo de
sua estrutura e fun¢do, além da dependéncia de andrégenos (Fawcett & Hoffer, 1979; Ruiz

Bravo, 1988; Hamzeh &Robaire, 2009).

Regulagdo por Fatores Testiculares

Além de depender da presenca de andrégenos circulantes, o epididimo também
depende de fatores do fluido luminal, originados a partir do testiculo ou do préprio
epididimo. Em estudos experimentais nos quais a ligadura dos ductos eferentes foi utilizada
para obstru¢do do fluxo de fluido testicular para o epididimo, observou-se mudangas na
morfologia e expressdo génica do segmento inicial do epididimo (Robaire & Hermo, 1988;
Hinton et al., 1998; Cornwall et al., 2002). Na auséncia de fatores testiculares, muitas
células do segmento inicial sofrem apoptose dentro de 24 horas (Nicander et al., 1983; Fan

& Robaire, 1998; Turner & Riley, 1999).

Este tipo de regulacdo pardcrina tem sido denominada regulacdo lumicrina, por
ocorrer em um sistema de ductos e tibulos. A regulacdo lumicrina ndo ocorre apenas entre
o testiculo e o epididimo, mas também entre as diferentes regides epididimarias e entre o

epididimo e o ducto deferente (Robaire et al., 2006).

1.2.3. Glandulas Sexuais
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Em roedores, o termo glandulas sexuais refere-se a vesicula seminal, prostata,
glandula bulbouretral e glandula prepucial. As principais fungdes das glandulas sexuais sdo
producdo de secrecdes que compdem o sémen, transporte e nutricdo dos espermatozoides
apds a ejaculacdo, bem como reten¢do do ejaculado no trato feminino por um periodo mais

prolongado (Roberts, 2010).

A vesicula seminal encontra-se dorsolateralmente a bexiga urinéria e ¢ composta por
alvéolos tubulares revestidos por epitélio que apresenta intensa atividade secretora. De fato,
a secrecdo da vesicula seminal € responsavel por aproximadamente 70% do volume do
ejaculado e € rica em frutose e prostaglandinas. A vesicula seminal também produz
algumas proteinas secretoras dependentes de andrégeno que participam dos processos de

coagulacdo do ejaculado e imunoprotecdo dos espermatozoides (Roberts, 2010).

A prostata € a maior glandula sexual acessoria do sistema genital masculino. No rato
ela € constituida por trés lobos: lobo dorsocranial, também denominado glandula
coaguladora, encontra-se aderido a vesicula seminal, lobo ventral e lobo dorsolateral
(Komarek et al., 2000). Trata-se de um conjunto de glandulas tubuloalveolares ramificadas,
revestidas por epitélio colunar simples composto por células secretoras, basais e
neuroenddcrinas. Externamente, a prdstata encontra-se revestida por uma cdpsula
fibroelastica rica em musculo liso (Roy-Burmam et al., 2004). A secrecdo da préstata forma
um liquido alcalino de natureza proteica rico em zinco, dcido nitrico e colina, além de
conter fosfatase acida especifica da prostata, antigeno prostatico especifico (PSA), amilase
e fibrinolisina (Kierszenbaum, 2008, Roberts, 2010). A secrecdo prostética contribui com
aproximadamente 25% do volume do ejaculado. No homem, a prdstata € um 6rgao
compacto e internamente dividido em trés zonas ou regides distintas, denominadas zona
central, periférica e de transicdo (McNeal, 1981). Em termos de homologia entre a prostata
de ratos e a humana, o lobo dorsocranial corresponderia a zona central, enquanto o lobo
dorsolateral a zona periférica humana. O lobo ventral da préstata de roedores ndo apresenta

qualquer homologia a préstata humana (Roy-Burman et al., 2004).

As glandulas bulbouretrais ou de Cowper sdo formadas por tibulos amplos bastante

ramificados que contem uma unica camada celular formada por células serosas e mucosas
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(Komérek et al., 2000). O fluido secretado por estas glandulas neutraliza os vestigios de
urina e lubrifica a uretra e a vagina, além de ser uma fonte energética para os
espermatozoides (Chughtai et al., 2005). As glandulas prepuciais sdo glandulas sebéceas
modificadas, localizadas no tecido subcutianeo da porcao final do prepucio (Komadrek et al.,
2000). Sua secrecdao rica em Oleos lubrifica a glande e pode apresentar atividade

antibacteriana e antiviral (Haschek & Rousseaux, 1998).

1.2.4. Ductos Eferentes e Ductos Deferentes

A rede testicular é ligada as regides mais proximais do epididimo pelos ductos
eferentes. Estes ductos surgem separadamente a partir da rede testicular, préximo a tinica
albuginea. Em sua por¢do inicial ou proximal sdo paralelos ou levemente sinuosos,
apresentando maior sinuosidade em sua porcao distal (Hess, 2002; Setchell & Breed, 2006).
Apresentam epitélio pseudoestratificado colunar composto por células ciliadas e ndo
ciliadas, sendo que em ratos o epitélio do ductor apresenta sulcos irregulares em toda sua
extensdo. O numero de ductos eferentes € bastante varidvel entre as espécies e até mesmo
entre individuos de uma mesma espécie. Ratos apresentam de 2 a 8 ductos eferentes,
enquanto humanos apresentam de 6 a 15. Além de conducdo dos espermatozoides, os
ductos eferentes sdo responsdveis pela reabsor¢cdo do fluido luminal, aumentando a
concentracdo de espermatozoides antes da entrada no epididimo. Atualmente, estudos t€m

mostrado evidéncias de uma possivel funcio secretora dos ductos eferentes (Hess, 2002).

O ducto deferente liga a cauda epididiméria a uretra prostitica. Durante muito tempo
foi considerado um simples condutor dos espermatozoides no momento da ejaculagdo. No
entanto, novos estudos tém mostrado importantes funcdes do epitélio do ducto em relagao
aos espermatozoides. Em ratos, o ducto deferente se apresenta como um tubo muscular
revestido internamente por epitélio pseudoestratificado composto por células principais,
basais, claras e estreitas. Baseado em sua morfologia, pode ser dividido em regidao
proximal, média e distal, além de apresentar uma por¢cao terminal. Antes de chegar a
prostata o ducto deferente se dilata formando uma regido chamada ampola, onde as

vesiculas seminais desembocam (Komarek et al., 2000).
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As células principais sdo responsaveis pela secrecdo de diversas substancias, entre
elas glicoproteinas, além de apresentarem funcdo endocitica. As células epiteliais também
desempenham funcdo de protecido dos espermatozoides, reabsor¢cao de fluido e acidificagao

do ambiente luminal, inibindo a motilidade espermadtica nesta regido.

1.3. Sistema Genital Masculino como Alvo de Desreguladores Endocrinos

Desde o inicio dos anos 90, grande atencdo tem sido dada aos agentes quimicos que
apresentam potencial para alterar o sistema enddcrino de animais. O campo de estudo
destes compostos, coletivamente denominados desreguladores enddcrinos, tem crescido
rapidamente e engloba dreas como imunologia, toxicologia, fisiologia da reproducdo,
comportamento e ecologia (Hotchkiss et al., 2002). Estas substincias podem interferir na
producdo, secrecdo, transporte, metabolismo, interacdo ligante-receptor e excre¢do de
hormé6nios endégenos (Wilson et al., 2008). Hormonios sdo moléculas naturalmente
bioativas, capazes de modular diversas fungdes fisioldgicas incluindo os processos de
desenvolvimento, puberdade, comportamento, gametogénese e funcdo sexual,

estabelecendo a homeostasia do organismo (Chapin et al., 1996).

Uma vez que o sistema enddécrino desempenha papel critico sobre o desenvolvimento
e funcdo do sistema genital masculino, este pode ser considerado um alvo particularmente
vulnerdvel a potenciais perturbacdes enddcrinas (Johnson et al.,1997). De fato, diversos
estudos experimentais tém indicado que a exposi¢do aos desreguladores enddcrinos,
incluindo plastificantes, retardadores de chama, pesticidas isolados ou em misturas, dentre
outros, pode prejudicar a saide reprodutiva masculina (Mylchreest et al, 1998;. Fisher et
al., 2003; Fernandes et al., 2007; Perobelli et al., 2010, Scarano et al., 2010;. Nassr et al.,
2010;. Fossato Da Silva et al., 2011).

Os desreguladores endocrinos denominados antiandrogénicos sdo aqueles que
antagonizam os efeitos dos andrégenos enddgenos. Dentre estes, alguns sdo capazes de agir
diretamente nas células-alvo competindo pelos receptores de andrégenos, como o fungicida

vinclozolin, o herbicida linuron e o quimioterapico flutamida (Gray et al., 2001). Nestes
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casos, podem ocorrer mudancas conformacionais no receptor e reducdo na transcri¢do de
genes regulados por androgenos (Kelce & Gray, 1999). Outros, como os ésteres de ftalatos,
agem reduzindo a sintese de andrégenos (Gray et al., 2001). E muito provavel que outras
formas de acdo também estejam envolvidas na toxicidade induzida por esta classe de
compostos (Gray et al., 2001; Wilson et al.,, 2008). A populacio mundial esta
constantemente exposta a estes agentes quimicos, 0os quais muitas vezes ocorrem em
misturas complexas capazes de exercer efeitos cumulativos (Chapin et al., 1997; Gray et
al., 2001; 2006; Blystone et al., 2009). Os efeitos de quimicos antiandrogénicos sobre a
reproducdo masculina sdo dependentes da fase de exposicao, sendo o periodo gestacional e

a puberdade considerados os mais susceptiveis (Stoker et al., 2000; Sharpe, 2006).

Os seres humanos estdo constantemente expostos a estes contaminantes ambientais.
No entanto, as possiveis consequéncias da exposi¢do aos desreguladores enddcrinos sobre a
funcdo reprodutiva do homem ainda ndo foram completamente elucidadas, embora recentes
estudos epidemiolégicos sugiram associagdo entre exposi¢do a produtos quimicos e
problemas no sistema genital masculino humano (Jensen et al., 2004; 2007; Main et al.,
2004; 2006; 2007; Swan et al., 2005; Damgaard et al., 2006; 2007). Alteragdes no sistema
genital masculino podem ser transitérias ou permanentes. Existem diversos fatores
associados que poderiam interferir na fertilidade masculina humana, como exposicoes
ocupacionais, infec¢des, farmacos, radiacdo, estresse, fatores ambientais, nicotina e dlcool
(Pelieger-Bruss et al., 2004). Toxicos ambientais podem exercer seus efeitos adversos sobre
a reproducdo masculina em processos pré-testiculares, testiculares ou pds-testiculares

(Pelieger-Bruss et al., 2004).

Atualmente, parece haver maior preocupacdo em sadde publica quanto a
possibilidade de que a exposicao aos desreguladores enddcrinos prejudique a qualidade e a
quantidade do s€émen da populacdo humana. (Carlsen et al., 1992; Sharpe, 1993; Colborn et
al., 1993; Auger et al., 1995; Comhaire et al., 1996; Menchini-Fabris et al., 1996; Pajarinen
et al., 1997; Swan et al., 1997; Zorn et al., 1999; Gyllenborg et al., 1999). Uma vez que

estudos estabelecam este declinio na qualidade espermética e demonstrem associacdo entre
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esta disfuncdo e a exposi¢do a agentes toxicos, o epididimo, certamente, seria considerado

um importante 6rgdo-alvo (Klinefelter, 2002; Kempinas & Klinefelter 2010).

Nos dltimos anos, alguns compostos ji t€m sido associados a diminui¢do no ndmero
de espermatozoides estocados na cauda epididimdria e a0 menor nimero de gametas
disponivel para ejaculacdo, com pouca ou nenhuma diminui¢do na producio espermética
testicular, reafirmando a hipétese de que o epididimo seja um alvo direto e indireto de
agentes toxicos (Klinefelter & Suarez, 1997). Compostos quimicos exerceriam seus efeitos
sobre o epididimo e matura¢do espermdtica interferindo no epitélio epididimario, agindo
diretamente sobre os espermatozoides em transito através do 6rgdo, ou indiretamente,
através de alteracdes no tempo de transito dos gametas. Neste dltimo caso, alteracdes no
padrdo de interagdo entre os espermatozoides e o epitélio epididimario, a lamina propria e o
fluido luminal resultaria em prejuizo na qualidade e quantidade de espermatozoides
disponiveis para ejaculacdo (Kempinas & Klinefelter, 2010). Demonstrar a acdo de um
agente quimico diretamente sobre o epididimo é um desafio, visto que se faz necessério
excluir a possibilidade do efeito ter sido mediado pelo hipotdlamo, hipdfise ou testiculos
(Robaire et al., 2006). Alteragdes sobre a qualidade dos espermatozoides epididimarios
ap6s exposicao aos desreguladores enddcrinos sdo frequentemente secunddrias a injdrias

testiculares (Kempinas & Klinefelter , 2010).

Sabe-se que distirbios na funcdo reprodutiva podem ter origem na vida fetal ou
durante a infincia, mesmo que seus primeiros sinais sejam detectados apenas na vida
adulta, como, por exemplo, comprometimento da espermatogénese (Damgaard et al., 2002).
Atualmente, o estudo de alteracdes durante o desenvolvimento do sistema genital apds
exposicdo a agentes quimicos ambientais tem sido considerado uma importante subdrea da

toxicologia da reproducdo (Kempinas & Klinefelter, 2010).

Estudos experimentais tém demonstrado que a exposicao pré-natal a ftalatos reduz a
distancia anogenital, aumenta a incidéncia de hipospadias e malformac¢des epididiméarias
(Mylchreest et al., 2000; 2002), além de agir diretamente sobre o testiculo durante o
periodo de diferenciacdo fetal e neonatal (Fisher et al.,2003). Essas alteracdes sdo

permanentes e afetam a fungdo testicular na vida adulta (Hoei-Hansen et al., 2003). Existem
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evidéncias da acdo dos ftalatos sobre as células de Sertoli, alterando sua capacidade
funcional, e sobre as células de Leydig, causando hiperplasia focal por volta do 16° dia de
gestacdo e, em alguns casos, acarretando formacao de adenoma de células de Leydig apds o

nascimento (Fisher et al., 2003).

A exposi¢do a toxicos durante o desenvolvimento pré-natal também estd associada ao
aumento da incidéncia de agenesia e malformac¢do do epididimo (Foster et al., 2006;
Kempinas & Klinefelter, 2010). Além disso, estudos anteriores demostraram que oS
antiandrégenos flutamida e vinclozolin, o TCDD (2,3,7,8-tetraclorodibenzo-p-dioxina),
agentes estrogénicos como o pesticida metoxicloro, o bisfenol A, e o ftalato DBP
(dibutilftalato) acarretam alteracdes no desenvolvimento, peso, aspecto histoldgico e
numero de espermatozoides no epididimo apos exposicdo durante o desenvolvimento do
sistema genital masculino (Inperato-McGinley et al., 1992; Mylchreest et al., 1998; Fisher
2004; David 2006). Apesar de diversos estudos ja terem demonstrado os efeitos da
exposicao aos desreguladores enddcrinos durante o desenvolvimento pré e perinatal sobre a
funcdo reprodutiva masculina, poucos se atentaram para a exposi¢do de animais pré-

puberes e puberes.

Animais sexualmente imaturos parecem ser mais susceptiveis aos desreguladores
enddcrinos do que animais adultos, possivelmente devido ao imprinting hormonal,
resultando em mudancas permanentes na vida adulta (Chapin et al., 1997). Comparadas aos
adultos, criancas podem ser consideradas mais vulnerdveis a agentes toxicos por ainda
estarem em processo de desenvolvimento. O desenvolvimento sexual normal depende de
uma série de eventos que se iniciam na vida fetal e continuam apds o nascimento. Todas as
fases sao reguladas por mecanismos dependentes de fatores hormonais e genéticos
(Damgaard et al., 2002). O desenvolvimento pds-natal do sistema genital masculino requer
sinais hormonais do eixo hipotalamico-hipofisdrio, uma subsequente resposta testicular e
um feedback do testiculo sobre o eixo para modular a liberacdo de gonadotrofina (Marty et

al., 2003).

Durante as primeiras fases do desenvolvimento pds-natal, as barreiras fisioldgicas

ainda ndo estdo completamente estabelecidas, o que pode permitir que substancias toxicas
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sejam absorvidas mais facilmente. Sabe-se que criancas absorvem 50-90% do chumbo
ingerido, enquanto um adulto absorve apenas 10%. Especialmente nos primeiros anos de
vida, considera-se um risco aumentado de exposicdo a agentes quimicos através de fatores
nutricionais, inicialmente através do leite materno, que pode acumular compostos
lipossoluveis e, posteriormente, através do consumo de frutas e vegetais, geralmente em
maiores propor¢des do que seria ingerido por um individuo adulto, acarretando maior
exposicdo a quimicos agricolas. Além disso, criancas apresentam uma aréa de superficie
corporal proporcionalmente maior que a de adultos e, portanto, tornam-se mais vulneraveis
a exposicdo cutanea. Diferencas comportamentais também podem ser consideradas fatores
contribuintes para maior exposi¢ao a agentes quimicos, uma vez que criancas passam maior
tempo em contato com o solo e com produtos escolares e de higiene pessoal, os quais sao

ricos em ftalatos (Damgaard et al., 2002).

O desenvolvimento sexual de ratos machos pode ser dividido em 4 fases: neonatal
(DPN1 ao 7), infantil (DPN 8 ao 21), juvenil (DPN 22 a 35) e peri-puberal (DPN 36 ao 50/
60) (Clegg, 1960; Ojeda et al., 1980). A puberdade representa um evento dinamico e
complexo que envolve um conjunto de mudangas fisicas, comportamentais € hormonais,
através do qual o individuo alcanca a maturidade sexual e a capacidade reprodutiva (Golub
et al.,, 2008). A acdo de andrégenos € essencial para o sucesso do desenvolvimento do

sistema genital masculino.

A pré/peripuberdade deve ser considerada um periodo critico do desenvolvimento
sexual uma vez que os processos de espermatogénese e esteroidogénese ainda ndo estdo
completamente estabelecidos nesta fase, tornando-a possivelmente mais susceptivel a
perturbacdes enddcrinas causadas por xendrmonios (Johnson et al., 1997). Tem sido
relatado que ensaios experimentais em animais puberes sd0 mais sensiveis e precisos para
deteccao de téxicos com atividade enddcrina do que estudos em individuos adultos
(Blystone et al., 2007). Além disso, a fase pré-puberal abrange o periodo de diferenciacao
pos-natal do epididimo, descrito anteriormente (Item 1.2.2.1.). Durante este periodo, o
ducto epididimério apresenta importantes modificagcdes morfolégicas e funcionais, que

resultam na diferencia¢do regional do ducto, com morfologia, expressdo génica, perfil
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protéico e fungdes especificas (Rodriguez et al., 2002). Perturbacdes deste processo
poderiam comprometer a funcdo epididimdria de maneira permanente, prejudicando os
processos de maturagdo dos espermatozoéides e interferindo na qualidade dos gametas.
Estudos morfofuncionais sobre o desenvolvimento epididimério apds insulto quimico sao
fundamentais para as dreas de toxicologia e certamente produzirdo novos conhecimentos
sobre a biologia do 6rgdo, embasando agdes de impacto epidemioldgico e clinico

(Kempinas & Klinefelter, 2010).
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2. JUSTIFICATIVA E RELEVANCIA DO TEMA

O desenvolvimento adequado do sistema genital masculino depende de uma série de
eventos que se iniciam na vida fetal e continuam apés o nascimento. Todas estas fases sdo
reguladas por mecanismos dependentes de fatores hormonais e genéticos. Uma vez que os
processos de gametogénese e esteroidogénese ainda ndo estdo completamente estabelecidos
durante a pré-puberdade, este deve ser considerado um periodo critico do desenvolvimento,

possivelmente mais susceptivel a perturbacdes enddcrinas causadas por agentes toxicos.

Além disso, a pré-puberdade compreende o periodo de diferenciacdo pds-natal do
epididimo, momento em que o 6rgdo passa por mudancas morfolégicas e funcionais que
resultam na diferenciacdo regional do ducto epididimario. O epididimo € responsdvel pela
maturagdo dos gametas masculinos, processo que requer a interacdo dos espermatozoides
com os diferentes microambientes especializados estabelecidos ao longo do ducto
epididimério. Esta diferenciacio € impulsionada em grande parte pelo aumento de
andrégenos circulantes que ocorre em torno da puberdade. No entanto, pouco se conhece a
respeito das possiveis consequéncias reprodutivas decorrentes de perturbagdes no processo

de desenvolvimento pds-natal do 6rgao.

O presente estudo visou interferir no periodo pré-puberal a fim de entender os
possiveis efeitos adversos sobre a quantidade e a qualidade de espermatozdides na idade
adulta. Para tanto, um quadro de privacdo androgénica foi induzido pelo uso de um potente
antiandrogénico ndo-esterdide, a flutamida, composto quimico que compete pelo receptor
de andrdgeno, reduzindo assim a acdo fisioldgica da testosterona nos tecidos-alvo. Durante
a pré-puberdade os niveis de andrégenos no epididimo estdo em ascensdo, porém ainda sao
consideravelmente mais baixos do que o observado em individuos adultos, o que permite a

acdo efetiva do agente antiandrogénico.

Escolheu-se um antagonista de andrégenos devido a ampla exposicdo ambiental da
populacdo em geral a este grupo de desreguladores enddcrinos, que incluem pesticidas
agricolas, produtos quimicos industriais, farmacé€uticos, dentre outros, muitas vezes
presentes como misturas complexas capazes de produzir efeitos cumulativos. Baseando-se

nas crescentes evidéncias de que a exposi¢ao a quimicos desreguladores enddcrinos podem
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prejudicar a competéncia reprodutiva masculina, considerou-se que o modelo experimental

proposto € atualmente relevante para a toxicologia, bem como a biologia da reproducao
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3. OBJETIVOS

3.1. Objetivo Geral

O objetivo do presente estudo foi avaliar as possiveis consequéncias da privagdo
androgénica durante o periodo pré-puberal sobre a morfologia e fisiologia do sistema
genital masculino de ratos puberes e adultos, com &énfase sobre aspectos epididimérios e

qualidade espermaética.

3.2. Objetivos Especificos

Para alcancar o objetivo descrito acima, foi utilizado um quimico com conhecida
atividade antiandrogénica a fim de criar a condi¢do de privagdo de androgenos durante o
periodo pré-puberal do rato. ParGmetros diretamente dependentes de andrégenos, como
separacdo prepucial e peso de 6rgdos reprodutores, foram analisados para confirmar o
estado de privacdo androgénica. Para avaliar parametros do sistema genital masculino de
ratos puberes e adultos, os animais foram induzidos a morte no dia pds-natal 50 e 75. Em
ambas as idades, foram analisados os niveis dos hormonios sexuais e aspectos
histopatolégicos dos testiculos e epididimos, para obtencdo de informacdes gerais sobre a
morfofisiologia do sistema genital masculino apds privacdo androgénica durante um
importante periodo do desenvolvimento pds-natal. Para investigar aspectos mais
especificos sobre a fertilidade e a qualidade espermética dos animais experimentais, foram
realizadas avaliacOes adicionais nos ratos adultos, tais como andlise de parametros
espermaticos (producdo didria, tempo de transito através do epididimo, motilidade,
morfologia, perfil protéico, dentre outros) e de fertilidade (apds acasalamentos naturais e

inseminacao artificial).
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4. CAPITULOS

O presente estudo deu origem a dois manuscritos que serdo apresentados a seguir.

4.1. Manuscrito I

O primeiro manuscrito foi intitulado “Impairment on sperm quality and fertility of
adult rats after antiandrogen exposure during prepuberty” e publicado no periédico
“Reproductive Toxicology”, USA, Elsevier, ISSN: 0890-6238, Fator de Impacto: 3,137
(DOI 10.1016/j.reprotox.2011.12.011).
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Abstract

This study evaluated the effects of antiandrogen exposure during the prepubertal
period on reproductive development and reproductive competence in adults. Male rats were
divided into two groups: Flutamide, receiving 25 mg/kg/day of flutamide by oral gavage
and Control, receiving vehicle daily. Dosing continued from PND21 to 44, and animals
were killed on PND50 or PDN75-80. The epididymis, prostate, vas deferens and seminal
vesicle weights were lower in Flutamide group on PND50, while on PNDS8O0 only seminal
vesicle weight was reduced. Fertility assessed by IUI revealed a decrease in the fertility
potential in the flutamide-treated adults. Flutamide accelerated sperm transit time through
the epididymis, impairing sperm motility and storage. A quantitative analysis of the cauda
sperm membrane proteome revealed a few significant changes in protein expression. Thus,
exposure to flutamide during the prepubertal period compromises the function of the

epididymis along with epididymal sperm quality at adulthood.

Keywords: antiandrogen, rat, epididymis, prepuberty, sperm quality, fertility, proteomics.
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1. Introduction

The epididymis, a highly convoluted duct that connects the efferent ducts to the vas
deferens, plays a crucial role in the acquisition of progressive sperm motility and ultimate
fertilizing ability [1, 2]. A significant facet of this maturation process involves
reorganization of the molecular architecture of the sperm plasma membrane. Membrane
proteins are shed, acquired, and modified as lipid composition changes [3]. Some of these
changes are directly pivotal to maturation of the sperm, but others are protective in nature
[4]. The mature sperm remain protected during storage in the most distal regions of the

epididymis until they are ejaculated or voided in the urine.

Specific functions occur within different regions of the epididymis with specialized
microenvironments created along the interior of the epididymal duct [5]. These regional
differences are established during the period of postnatal development of the epididymis,
from PND 15 to 44 [6]. During this period the epididymis undergoes the requisite
morphological and functional changes that resulting this regional differentiation of the duct;
distinct gene and protein expression profiles can be found [7]. This differentiation of the
epididymis is driven largely by the increase in circulating androgen that occurs around the
time of puberty [8]. Studies are needed to elucidate damage to sperm maturation arising

from disruption of the differentiation process during development.

The present study was undertaken to interfere with the prepubertal period of
differentiation in order to understand the possible adverse effects on sperm quantity and
quality at adulthood. We elected to attempt to alter the differentiation of the epididymis
with flutamide, a potent non-steroidal antiandrogen [9] that competes for the androgen
receptor and is capable of reducing the physiological action of testosterone on target tissues
when endogenous tissue levels of androgen are submaximal [10,11]. Between PND21 and
44 androgen levels in the epididymis are on the rise, but far less than adult levels [8]. The
choice of an antiandrogen agent was due to extensive environmental exposure of the
general population to this group of endocrine disruptors, which include agricultural
pesticides, industrial chemicals, pharmaceuticals, and others, many times occurring as

complex mixtures of antiandrogens that need not have a common active metabolite to
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produce cumulative adverse effects [12, 13, 14, 15]. Based on the notion that
developmental exposure to endocrine disruptive chemicals may have adverse consequences
on reproductive competence in men, we believe that this experimental model is currently

relevant to toxicology as well as reproductive biology.

2. Material and Methods
2.1. Animals

Immature Wistar male rats (21 days old) and Wistar female rats (45 days old) were
supplied by the Central Biotherium of UNESP — Univ Estadual Paulista. During the
experiment, animals were allocated individually in polypropylene cages, with laboratory
grade pine shavings as bedding. Rats were maintained under controlled temperature (+
23°C) and lighting conditions (12L/12D photoperiod). Rat chow (Purina Labina,
Agribrands do Brasil Ltda, Paulinia/SP) and filtered tap water were provided ad libitum.
Experimental procedures were in accordance with the Ethical Principles in Animal
Research adopted by the Brazilian College of Animal Experimentation and were approved
by the Biosciences Institute/UNESP Ethics Committee for Animal Research (protocol
number 21/08).

2.2. Experimental design

Male rats were randomly divided into two experimental groups: control group (C,
n=30) and flutamide group (F, n=30). The F group rats received daily oral gavage doses of
flutamide (Sigma Aldrich — 25 mg/kg, at a volume of 3ml/kg) diluted in corn oil, while C
group received only the vehicle (corn oil), at the same volume. Animals were treated from
PND21 to PND44 corresponding to the prepubertal development of the epididymis. Rats
were weighed daily during treatment and on alternate days after treatment. The dose of
flutamide chosen in this study is effectively antiandrogenic, as described previously [16].

No clinical signs of toxicity were observed in any of the experiments herein described. The
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study was conducted in two steps; Experiment 1 and Experiment 2, and described as

follows.

2.3. Experiment 1:

In this experiment, male (n=40) and female (n=30) Wistar rats were used. The age
at acquisition of preputial separation was evaluated starting on PND30 as an indicator of
the onset of puberty. The observation criterion adopted was the age when the prepuce first
separates from the glans penis, not considering the complete retraction of the prepuce [17].
On PND 50, 20 male rats (n=10/group) were killed for an evaluation of reproductive organ
weights and serum hormone levels. The other 20 male rats (n=10/group) were evaluated at
70 days of age for sexual behavior and reproductive competence following natural mating
with naive females. A 10-day post-mating interval was allowed to permit recovery of sperm
reserves; subsequently, at the age of 80 days these male were killed for evaluation of
reproductive organ weights, sexual hormone levels, sperm motility and morphology, and

the sperm membrane proteome.

2.3.1. Evaluation of Sexual Behavior and Natural Mating

At 70 days of age, male rats from each experimental group (n=10/group) were placed
individually in polycarbonate crystal boxes, measuring 44x31x16 cm, 5 minutes before
introduction of one sexually receptive, adult female rat (70 days old). Sexual receptivity
was determined by vaginal smear and by lordosis exhibition in the presence of a sexually
experienced, vasectomized male of proven sterility. These females were synchronized to
achieve estrous with a single subcutaneous injection of 80ug of luteinizing releasing
hormone (LHRH) agonist (Sigma Chemical Co., St Louis, Missouri) approximately 115

hours prior to the sexual behavior evaluation.

Paired animals were observed in the dark period of the cycle in a separate room under
dim red light and all sexual behavior tests were performed 2-4 hours after the beginning of

the dark period. The following parameters were observed for 40 min: latency to the first
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mount, intromission, and ejaculation; number of intromissions until the first ejaculation;
latency of the first post-ejaculatory intromission; number of post-ejaculatory intromissions;
and total number of ejaculations [18, 19, 20, 21,22]. Males that did not mount in the initial
10 minutes were considered sexually inactive. After the sexual behavior evaluation was
complete, paired animals were kept together for an additional 4 hours. After this period,
males and females were separated and vaginal smears were collected to confirm that mating

occurred.

2.3.2. Fertility Evaluation

Twenty days later (GD20), naturally inseminated females were killed by decapitation.
After collection of the uterus and ovaries the numbers of corpora lutea, implants,
reabsorptions, 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 preimplantation loss: [number of corpora lutea — number
of implantations/number of corpora lutea] x 100; and rate of postimplantation loss:

[number of implantations — number of live fetuses]/number of implantations x 100.

2.3.3. Euthanasia, Body Weight and Reproductive Organ Weights of Male Rats

At 50 or 80 days of age 10 male rats per experimental group were killed by
decapitation. The right testis, epididymis and vas deferens, ventral prostate and seminal
vesicle (without the coagulating gland) were removed and their wet weights (absolute and

relative to body weight) were recorded.

2.3.4. Serum Testosterone, FSH and LH Levels

After decapitation, blood was collected (between 9:00 and 11:30 AM) and serum was
obtained by centrifugation (1 236 xg, for 20 minutes at 4°C). The concentrations of

testosterone, luteinizing hormone (LH) and follicle-stimulating hormone (FSH) were
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determined by the technique of double antibody radioimmunoassay. Testosterone assay was
performed using a testosterone maia® kit (Biochem Immuno System). The LH and FSH
assays were done using specific kits supplied by the National Institute of Arthritis,
Diabetes and Kidney Diseases (NIADDK, USA). All samples were assayed in duplicate
and in the same assay to avoid inter-assay errors. The intra-assay error was 3.4% for LH,

2.8% for FSH and 4% for testosterone.

2.3.5. Sperm Motility and Morphology

Immediately after euthanasia of 80-day-old animals, sperm were obtained from the
left vas deferens duct and diluted in 2 ml of modified HTF medium (Human Tubular Fluid,
IrvineScientific®), pre-warmed at 34°C. A 10ul aliquot was placed in a Makler chamber
(Irvine, Israel) and analyzed under a phase-contrast microscope (Leica DMLS) at 200X
magnification. One hundred sperm were evaluated per animal and classified for motility
into: type A: mobile, with progressive trajectory; type B: mobile, with non-progressive

trajectory; type C: immotile [23].

With the aid of a syringe and needle, sperm were recovered from the right vas
deferens by flushing with 1.0mL of saline formol. To analyze the sperm morphologically,
smears were prepared on histological slides that were left to dry for 90 min. and 200
spermatozoa per animal were analyzed in a phase-contrast microscope (400x
magnification) [24]. Morphological abnormalities were classified into two general
categories: head morphology (without curvature, without characteristic curvature, pin head
or isolated form, i.e., no tail attached) and tail morphology (broken or rolled into a spiral)

[25]. Sperm were also classified as to the presence or absence of the cytoplasmic droplet.

2.3.6. Quantitative Evaluation of the Sperm Membrane Proteome

Sperm were obtained from the proximal cauda epididymis [26] by nicking the duct
with a number 11 scalpel and allowing sperm to disperse into 2 ml of Sperm Isolation

Buffer (95ml/l 10xHBSS, 0.35g/1 NaHCO3, 4.2g/l HEPES, 0.9g/1 glucose, 10ml/l Na
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pyruvate, 25 mg/l STI, pH 7.4). One ml was transferred to a microcentrifuge tube and
washed twice by centrifugation (2000 rpm, 5 min, 4°C) in the same buffer, with freshly-
added 0.2 mM phenylmethylsulphonyl fluoride (PMSF, Sigma, St. Louis, MO). After the
final wash, sperm were extracted for 1 h at room temperature with 1 ml of 80 mM n-octyl-
B-glucopyranoside in 10 mM Tris, pH 7.2 containing freshly added PMSF. Following a
final centrifugation (2000 rpm, 5 min, 4°C), the supernatant was removed and frozen

(~70°C).

Prior to 2-D gel electrophoresis, samples were thawed, and each extract was
concentrated with 1 mM Tris buffer, pH 7.2, by three centrifugations (3,000 rpm, 30 min,
4°C) in Ultrafree-4 centrifugation filter units (Millipore, Bedford, MA). Protein
concentration was determined by the Bradford method, using Bradford Reagent (Sigma
Aldrich®). The absorbance was read by spectrophotometry (SPECTRO 22RS, Digital
Spectrophotometer - Quimis) and protein concentrations determined by interpolation from
standard curve using seven different albumin concentrations (ug/ml): 0, 60, 80, 100, 200,
400 and 600 (R 2 = 0.99). Sample volumes containing 30 pg of protein were lyophilized,
and protein was solubilized for 30 min at room temperature in 45ul of sample buffer
consisting of 5.7 g of urea, 4 ml of 10% NP-40, 0.5 ml of ampholytes (3—10 only; Serva,
Heidelberg), and 0.1 g of dithiothreitol per 10 ml. Isoelectric focusing (750 V, 3.5 h) was
carried out in capillary tube gels consisting of 6.24 g of urea, 1.5 ml of acrylamide solution
(30% acrylamide, 1.2% bisacrylamide), 2.25 ml of 10% NP-40, and 0.65 ml of ampholytes
(3-10 only) per 10 ml. Molecular weight separation was carried out in mini 14%
acrylamide gels (200 V, 1h). Gels were fixed in 40% ethanol (v/v) and 10% acetic acid
(v/v) in ultrapure water, fluorescence stained using Krypton Protein Stain (Pierce
Biotechnology) and, finally, immersed in destaining solution (5% acetic acid in ultrapure

water) for 5 min.

A Fluoro Image Analyser (FLA-5100;Fujifilm) was used to scan gels and capture
high resolution images with a 532 nm laser light source. Progenesis Same Spots Software
(2.0) was used for background correction, spot matching, and spot area quantification.

Spots corresponding to proteins whose expression was significantly altered (upregulated or
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downregulated) were punched from 2D gels using an automated Ettan spot picker. Gel
punches were destained twice in an ammonium bicarbonate solution, dehydrated by
acetonitrile and dried in a SpeedVac. An small volume of trypsin solution was added, the
tubes placed in a Thermomixer (300rpm, 37°C). Additional 20-30ul of a digestion solution
was added and the incubation continued overnight; digestion was terminated with TFA.
Peptides extracted directly from the solution using C18 ZipTips, were desalted and eluted
onto a MALDI plate in a minimal volume of MALDI matrix solution in 80% acetonitrile-
20% water. The MSMS data was processed using Protein Pilot 3.0 software (ABI, Inc).
Chemical background-subtracted MALDI-MS data were processed on-line using the
Aldente software. A targeted MALDI-MSMS analysis was done using an additional spot

plated for each sample using a second-round of gel plug peptide extraction.

2.4. Experiment 2:
2.4.1. In Utero Insemination (IUT)

Because rats produce and ejaculate an excess of qualitatively normal sperm, the
insemination in utero of a fixed, critical number of sperm has been proven to increase the
sensitivity for detecting a decrease in sperm quality in the rat [27]; alterations in sexual

behavior and/or sperm production and availability are not issues.

A group of adult females (n = 30) were synchronized to be in estrous on the day of
insemination as described previously. Shortly after room lights were turned off on the day
of proestrus, the synchronized females were paired with the sexually experienced,
vasectomized males of proven sterility for lhour. Receptive females (i.e. those that
exhibited lordosis) were selected for insemination. Proximal cauda sperm were isolated and
prepared for insemination as previously described [28, 29], with the following adaptations.
Briefly, the sperm were released from the proximal cauda of adult animals (75 days-old) by
nicking the duct with a number 11 scalpel and allowed to disperse into 2 ml of modified
HTF media (Human Tubular Fluid, IrvineScientific®). After allowing 5 minutes for

dispersion, a sperm aliquot was diluted 1:10 with fixative (10% formalin in PBS) and
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counted using a Neubauer chamber. Within 15 minutes, each uterine horn was injected with
a volume containing 5 X 10° sperm [24]. One female was inseminated per male. All
inseminations were performed while the recipient female was in a surgical plane using a
mix of ketamine and xylazine for the anesthesia. The bifurcation of the uterine horns was
exposed through a low midventral incision and each horn was inseminated using a needle
(13x0.45mm) attached to a 1.0-ml syringe. Each injection site was cauterized immediately
upon withdrawal of the needle. When insemination was completed, the abdominal
musculature was sutured. Twenty days later (GD20), the artificially inseminated females
were euthanized by decapitation to enable evaluation and calculation of the fertility and

reproductive performance parameters, as previously described in 2.3.3.

2.4.2. Daily Sperm Production per Testis, Sperm Number and Transit Time in the
Epididymis

The right testis and epididymis of 75-day-old animals were used for sperm counts.
Homogenization-resistant testicular spermatids (stage 19 of spermiogenesis) in the testis
were counted as described previously [30], with adaptations adopted by Fernandes et al.
[31]. Briefly, the testis, decapsulated and weighed soon after collection, was homogenized
in 5 mL of NaCl 0.9% containing Triton X 100 0.5%, followed by sonication for 30
seconds. After a 10-fold dilution, one sample was transferred to Neubauer chambers (4
fields per animal), and mature spermatids were counted. To calculate the daily sperm
production (DSP), the number of spermatids at stage 19 was divided by 6.1, which is the
number of days, of the seminiferous cycle during which these spermatids are present in the
seminiferous epithelium. In the same manner, caput/corpus and cauda epididymidis
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.

2.5. Statistical Analysis
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For comparison of results between the experimental groups, parametric Student’s t
test or nonparametric Mann-Whitney test was performed, according to the characteristics of
each variable. Differences were considered significant when p < 0.05. The statistical

analyses were performed by GraphPad InStat (version 3.02).

3. Results
3.1. Experiment 1

Body weight gain was similar between experimental groups during the treatment as
well as after this period (data not shown). There was a significant delay in the age of
preputial separation in the flutamide group (Table 1), with treated males presenting with a 1
day delay in separation. At adulthood (PND 70), sexual behavior parameters were similar
between the experimental groups (Table 1). Similarly, there were no differences between
control and flutamide treated males with respect to fertility following natural mating. There

was also no differences in other fertility indices (Table 2).

Final body weight was similar between control and flutatmide treated males at both
PND 50 and PND 80 (Table 3). On PND 50, the absolute and relative weights of
reproductive organs (epididymis, prostate, full and empty seminal vesicle and vas deferens)
were significantly decreased in the flutamide treated males compared to controls; testis
weight was similar between the groups (Table 3). On PND 80 reproductive organ weights
had recovered with the exception of the seminal vesicles; full seminal vesicle weight was

still reduced in flutamide treated males (Table 3).

On PND 50 there was a 41.38% reduction in serum testosterone levels in flutamide-
treated males (p=0.059) compared to controls. Serum LH and FSH levels were unaffected
by flutamide treatment in these same animals (Figure 1). On PND 80 there were no

differences in serum hormone levels between the two groups (Figure 1).

Qualitative evaluations of sperm showed a statistically significant reduction in type
A sperm (motile, with progressive trajectory) in adult rats exposed to flutamide compared

to the control group. Consequently, the percentage of type B sperm (without progressive
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motility) was significantly increased in the flutamide group (Figure 2). Sperm morphology
assessments revealed that the percentages of both abnormal and normal sperm were similar
between experimental groups (Table 4). In both control and flutamide treated males the

cytoplasmic droplet was present in the majority of spermatozoa (Table 4).

A quantitative evaluation of the two-dimensional profile of proteins extracted from
the plasma membrane of proximal cauda epididymal sperm indicated that 3 proteins
changed significantly in the flutamide treated males compared to control males, i.e. spots
30, 54, 112 (Figure 3). The identification of these proteins by MALDI MSMS revealed that
S112, which was down-regulated by flutamide treatment, is RB11A, while S30 and S54,
both up-regulated by flutamide treatment , are cytochrome b5 type B (CYB5B) and
calmodulin OS (CALM) respectively (Figure 3).

3.2. Experiment 2

The fertility of proximal cauda epididymal sperm of adult males, assessed following
in utero insemination, was significantly altered by prepubertal flutamide treatment. In
addition, there was a decrease in the number of fetuses (Table 2). The number of mature
testicular spermatids and the DSP were similar for control and flutamide treated males.
However, the number of sperm in both the proximal (caputcorpus) and distal (cauda)
regions of the epididymis were significantly reduced in flutamide treated males (Table 4).
Thus, there was a significant reduction in the sperm transit time through these regions, i.e.
sperm transit was accelerated throughout the epididymis following flutamide treatment

(Table 4).

4. Discussion

The final stages of sperm differentiation occur outside the gonad, in the epididymal
duct [32]. The functions of the epididymis are to facilitate a transition of testicular
spermatozoa to functional maturity, and store mature sperm until they are ejaculated or

voided in the urine [33]. Since sperm released from the seminiferous epithelium are
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transcriptionally inactive, the facets of maturation within the epididymis depend on protein
and lipid alterations in the sperm that are a function of the luminal microenvironment of the
epididymis [32, 33]. The intraluminal microenvironment within a given region of the
epididymis reflects the secretory and absorptive activities of epididymal epithelium in that
region [32, 34]. Specific secretory and absorptive activities are then pivotal to sperm
maturation [32, 35]. The differentiated functions of specific epididymal regions are
established during the period of postnatal development of the organ, from PND 15 to 44
under the influence of androgen [6]. Given the current speculation that chemical stressors
(e.g. EDCs) are compromising male reproductive development it is important to better

characterize the role in which androgen plays during this critical developmental window.

In the present study, the absence of changes in body weight during the experimental
period, as well as in the final body weight, indicates that the antiandrogen exposure did not
induce systemic toxicity. Thus, body weight gain was not a contributing factor in any

observed reproductive effects of prepubertal antiandrogen exposure.

According to Ashby & Lefevre [36], changes in reproductive organ weights and the
day of preputial separation are the two main parameters for detecting antiandrogens in
peripubertal male rat assays. Thus, in the present study, the delay in the day when the
prepuce first separates from the glans penis in the flutamide-treated animals is indicative of
the antiandrogen activity of this chemical and suggests impaired of reproductive

development.

As previously reported in a study assessing prepubertal exposure to the
antiandrogen vinclozolin [37], no changes were observed in testis weight. The decreased
weights of the epididymis, vas deferens, seminal vesicles and prostate in flutamide-treated
rats on PND50 suggests compromised development of these androgen-dependent organs
due to impaired androgen availability and action, as well as by reduced serum testostereone
levels. On PNDS8O only the seminal vesicle weights were reduced in the flutamide-treated
males indicating that during the 35-days following flutamide treatment (from PND 44 to

80) was sufficient for the growth recovery of most reproductive organs.
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The observed 41.38% reduction in serum testosterone levels in flutamide-treated
males on PND50 was probably due to a direct effect of flutamide on Leydig cells in the
testis rather than alteration of the hypotalamic-pituitary-gonadal axis since FSH and LH
levels were unaffected by flutamide treatment. According to Blystone et al. [15], this lack
of responsiveness of the hypothalamus-pituitary axis to lower serum testosterone after
antiandrogenic exposure is not attributable to the immaturity of the axis, since pubertal
exposure to other AR antagonists such as vinclozolin produces dramatic increases in serum

LH [37].

Biologically, puberty is defined as that time when spermatogenesis first completes its
entire cycle and sperm enter the epididymis, which occurs around PND 50 in Wistar rats
[30]. In the rat, within a week after these sperm enter the epididymis, fertile sperm can be
recovered from the proximal cauda epididymis. The sperm production/g of testis increases
until PND 75, and the sperm reserves in the epididymal cauda are maximal around 100
days of age [30]. In the present study was used male rats at 75 days old and, although their
sperm reserves are not maximal, the sperm that are present are fertile and, therefore, it was

possible evaluate sperm quality parameters and fertility after artificial insemination.

Sexual behavior and performance are regulated by complex mechanisms that involve
physiological, neurological, neuroanatomical and endocrinological aspects [38]. The sexual
behavior of male rats is characterized by a series of mounts, with or without vaginal
intromission, that eventually lead to an ejaculation [39]. That sexual behavior was unaltered
in adults after prepubertal antiandrogen exposure is consistent with the normal serum levels

of testosterone in these animals.

Evaluation of reproductive parameters after natural mating did not reveal any
impairment in the fertility capacity of adult males exposed to flutamide prior to puberty.
However, this is most likely attributed to the lack of sensitivity afforded by natural mating
animals with inherently robust sperm production and sperm quality [20, 40]. For example,
male rats and rabbits fertilize successfully even when 90% of their sperm reserves are
depleted [41]. Artificial insemination has been used successfully as a strategy to evaluate

sperm quality following toxicant exposure [20, 42]. In this technique only a fixed, limiting
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number of sperm is inseminated to achieve 80% control fertility; sperm are not inseminated
in excess and the sperm reserves in the epididymal cauda is not a interfering factor . This
increases the likelihood of detecting a toxicant-induced change. Indeed, the fertility
potential, the endpoint which quantifies male fertile capacity, was decreased in the
flutamide group after in utero insemination. In this study, although sperm were not
inseminated in excess, the fertility of control males was essentially 100%. The observed
fertilization rate for flutamide-treated males was 85%. We speculate that if control fertility
had been around the target, i.e. 75-80%, the resultant fertility in the treated group (i.e. 60-
65%) would likely have biological significance. As it stands, it is questionable if sperm
with 85% fertilizing potential are indeed compromised. Another important point to consider
is the sample size used for fertility assessment (n=10). The use of a larger number of

experimental animals could improve the statistical power.

Sperm motility is an important parameter to evaluate sperm quality and fertilizing
potential [41]. The present study showed a decrease in the motility of sperm from adult
males following flutamide-treatment. The observed decrease in sperm motility may be
related to the fact that sperm transit through the epididymis was accelerated in these rats. It
has been known for some time that castration with or without androgen replacement
accelerates sperm transit through the epididymis [43]. More recent work using an adult
castrate testosterone-implanted animal model demonstrated that exposure to a chemical that
decreases serum testosterone such as chloroethylmethanesulphonate, or expsoure to the
metabolite of flutamide, hydroxyflutamide, accelerates sperm transit through the
epididymis [44]. Thus, reduced levels of androgen in the epididymis, as well as inhibited
action of androgen in the epididymis, leads to accelerated sperm transit. It is reasonable to
conclude that acceleration of sperm through the epididymis compromises sperm
maturation, ie. sperm motility and fertilizing potential. Indeed, both
chloroethylmethanesulphonate and hydroxyflutamide exposures were shown to result in
significantly reduced fertility following in utero insemination [44, 45]. It is therefore,
reasonable to assume that the decrease in fertility observed in the present study is at least in
part due to maturational compromise caused by accelerated sperm transit. That accelerated

transit was observed on PND75 when organ weights and hormone levels were restored
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suggests that the prepubertal exposure caused persistent alterations in the development of
the epididymis. It will be important to characterize the proteome of the epididymis to
determine which androgen-dependent proteins failed to become expressed, and/or persist

during development.

The observed proteomic alterations in the cauda epididymal sperm plasma membrane
following flutamide treatment may be related to the lower sperm quality observed in
flutamide group. Unfortunately, there are currently no data in the literature relating these
proteins to fertility. Calmodulin (CALM) expression, which was upregulated by the
antiandrogen exposure, is a protein affected by androgens in rat prostate cells [46]. It has
been suggested that androgen receptors may play a role in CALM action, which has an
important association with the proliferation and differentiation of a variety of cells [47].
RBI11A, which was down-regulated by following flutamide treatment is a member of GTP-
binding proteins of the Rab family. These have been implicated as key regulators of
membrane and protein trafficking in mammalian cells [48]. Sheach et al. [49] suggested
that G-proteins are upregulated in response to androgen stimulation in ovarian cancer
samples. This is therefore consistent with the observed downregulation of RB11A protein
in flutamide-exposed animals at adulthood. Again, such changes in the sperm membrane
proteome represent persistent alterations resulting from flutamide exposure during the
prepubertal period of development and may reflect alterations induced in the testis as well
as the epididymis. Previous studies using intact and castrated T-implanted adult animals
exposed to hydroxyflutamide during 5 days have demonstrated direct effects of the toxicant
on the epididymis [26, 44]. In the present study, while testicular effects can not be
completely excluded, although we did not find alterations in DSP, sperm morphology, and
testis histopatology, we can suggest that the observed effects appear to be related to the
altered development of the epididymis.More studies are necessary to characterize the
molecular changes which persist in both the epididiymis and epididymal sperm subsequent
to impaired androgen stimulation during the prepubertal period of reproductive

development.
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5. Conclusion

We can conclude that, interfering with androgen action during the prepubertal period
compromises reproductive competence at adulthood. Significant alterations in both the
quantity and quality of sperm in the epididymis are observed at adulthood. These
alterations are independent of hormone status and organ weight at adulthood indicating that
specific molecular events pivotal to normal differentiation of the epididymis either fail to

occur or fail to persist into adulthood.
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Figure legends

Figure 1. Serum hormone levels (ng/mL) in rats from control and flutamide groups at 50

and 80 days of age. Values expressed as mean + SEM. Mann-Whitney test.

Figure 2. Sperm motility of rats from control (n=10) and flutamide (n=10) groups. Values

expressed as median. Mann-Whitney test. *p < 0.05.

Figure 3. Two dimensional proteome of proximal cauda sperm plasma membrane proteins
of control (A) and flutamide group (B). Numbered spots indicate proteins differentially
expressed following flutamide treatment. (C) Graph showing the treatment-related changes
in spot area after background correction (IOD or integrated optical density units) of

CALM, RB11A and CYB5B proteins (n= 7/group).
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Table 1: Age of preputial separation and sexual behavior parameters of male rats at 70 days

old.

Experimental Groups

Control (n=10)

Flutamide (n=10)

Preputial separation (days)

bLatency to the first intromission (s)

®Number of intromissions until the

first ejaculation

bLaltency to the first ejaculation (s)

PFirst post-ejaculatory intromission (s)

bLaltency to the first post-ejaculatory

intromission (s)

*Number of post-ejaculatory

intromissions

*Number of ejaculations

32.55+0.34
118.20 + 24.66
(10)
18.30 +2.40
(10)
794.67 +58.92
)
1108.1 + 66.32
©)
313.44 £11.90
)
2022 +3.74
©)
2.33+0.16

9)

33.70 £ 0.38*
205.27 £46.35
(10)
15.36 + 1.59
(10)
790.82 +94.52
(10)
1110.3 +102.41
(10)
319.45 £ 14.32
(10)
1891 + 1.94
(10)
245+0.21
(10)

*Values expressed as mean + SEM. Student’s t test. *p<0.05.

b
Values expressed as mean +

SEM. Mann-Whitney Test. Times are expressed in seconds. The number of animals that

presented the behavior is indicated in parentheses.
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Table 2: Fertility and reproductive performance of male rats after natural mating and

artificial insemination.

Natural Mating Artificial Insemination

Control (n=10)  Flutamide (n=10) Control (n=10) Flutamide (n=9)

‘Body weight of dams (g) 336.91 £ 6.01 329.26 + 8.88 336.18 £7.35 328.92 £ 5.80
“Uterus weight with fetuses (g) 58.67+2.35 60.34 + 3.40 58.89 +3.42 43.79 = 5.50%
*Number of corpora lutea 12.58 £ 0.42 12.91 £ 0.53 12.80 = 0.59 12.22 +0.52
“Implant number 12.08 £ 0.54 12.45 +£0.49 12.10 £ 0.62 9.56 + 0.80%*
"Reapsortions number 0.92 +£0.40 1.09 £ 0.55 0.30 +0.15 0.33+0.24
‘Number of fetuses 11.17 £ 0.56 11.36 £ 0.65 11.80 £ 0.63 8.89 £ 0.99*
“‘Fetus weight (g) 3.45£0.07 3.50£0.10 3.04 £0.05 3.13+0.06
*Fertility potential (%) 100.00 100.00 100.00 84.62
(92.15-100.00)  (96.67—-100.00)  (92.45-100.00) (61.54-91.67)*
b ) 0.00 0.00 0.00 15.39
Pre-implantation loss (%) (0.00 —7.85) (0.00 —3.33) (0.00 —7.56) (8.33 - 38.46)*
bPost—implanta‘[ion loss (%) 7.69 0.00 0.00 0.00
(0.00 — 8.52) (0.00 - 12.14) (0.00 —5.00) (0.00 — 0.00)

"Values expressed as mean + SEM. Student’s t test. *p<0.05. "Values expressed as median

and interquartile intervals. Mann-Whitney test.*p<0.05.
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Table 3: Final body weight and absolute and relative reproductive organ weights of male

rats from control group and futamide group at 50 and 80 days old.

Experimental Groups

50 days old

Control (n=10)

Flutamide (n=10)

80 days old

Control (n=10)

Flutamide (n=10)

Final body weight (g)

Testes (g)
Testes (mg/ 100 g)

Epididymis (mg)

Epididymis (mg/ 100 g)
Ventral prostate (mg)

Ventral prostate (mg/ 100 g)

Vas deferens (mg)

Vas deferens (mg/ 100 g)
Seminal Vesicle full (mg)

Seminal Vesicle empty (mg)

219.52+7.82
1.08 £0.03
495.09 £ 15.57
164.23 +7.21
74.95 £2.65
133.54 +11.31
60.93 £4.51
50.35+2.18
23.05+1.03

241.27 £27.12
106.78 + 8.51

234.89 +7.77
1.09 £0.05
465.85 £ 22.62
101.63 + 5.35%*
43.72 £2.80%*
78.22 £7.59%
33.78 £ 3.68%*
37.58 £1.88%
16.11 £ 0.89**

83.99 + 8.76%*
53.07 £4.94*

356.03 + 8.04
1.54 £0.05
434.56 £ 16.34
486.32 +7.91
136.96 + 2.57
311.94 +£15.18
87.79 £4.37
96.82 +1.90
27.25+0.55

946.85 + 24.68
294.23 +16.00

363.54 + 9.68
1.62 +0.05
449.33 + 17.99
467.52 £ 11.72
129.12+3.73
310.11 £ 28.94
84.93 +£7.64
89.70 £2.41
24775+1.15

735.84 +41.05%*
259.44 +12.28

Values expressed as mean + SEM. Mann-Whitney test. *p<0.001;**p<0.0001
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Table 4: Sperm count parameters (75 day-old animals) and sperm morphology (80 day-

old animals) of male rats from control and flutamide groups.

Control (n=9)

Flutamide (n=10)

“Spermatid number (x 10%/testis)
*Spermatid number (x 106/g testis)
*Daily sperm production (x10%testis/day)
“Relative sperm production

(x10%g testis/day)

*Caput/corpus epididymis sperm number
(x106/0rgan)

*Caput/corpus epididymis sperm number
(x 106/g organ)

*Sperm transit time in the caput/corpus
epididymis (days)

*Cauda epididymis sperm number
(10%rgan)

“*Cauda epididymis sperm number (106/g
organ)

*Sperm transit time in the cauda
epididymis (days)

®Normal shaped sperm (%)

bSperm with cytoplasmic droplet (%)

249.36 £ 6.94
171.29 £5.15
40.88 = 1.14

28.08 +0.84

113.72 +4.57

625.99 + 37.86

2.80+0.14

144.61 +10.10

1360.0 £ 101.37

3.54+£0.22

90.25 (85.75 -91.50)
77.00 (65.37 — 82.87)

25091 £6.92
172.32 +4.85
41.13 £1.13

28.25+0.79

90.51 £ 6.66*

539.81 £44.96

221 +£0.17*

113.74 £ 9.39%

14153 +£120.14

276 £0.21%

92.50 (84.37 -95.37)
72.00 (65.37 - 81.87)

"Values expressed as mean + SEM. Mann-Whitney Test. *p<0.05. "Values expessed as

median and interquartile intervals. Mann-Whitney Test.
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4.2. Manuscrito II

O segundo manuscrito foi intitulado “Androgen deprivation during prepuberty interferes in
proteins expression in pubertal and adult rat epididymis” e serd submetido para publicagao
no periodico “International Journal of Andrology”, USA, Wiley-blackwell, Online ISSN:
1365-2605, Fator de Impacto: 3.601.
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Abstract

Sperm maturation in the epididymis includes the acquisition of progressive and
sustained motility of spermatozoids and the development of fertility capacity. Regional
differentiation of the epididymal duct, crucial to the sperm maturation processes, occurs
during its postnatal development. Although the experimental administration of androgen
antagonists to achieve an androgen deprivation state in the epididymis is well established,
few studies have focused on experimental testosterone deprivation in immature animals
during the postnatal epididymal differentiation. Animals in this development phase seem
more affected by hormonal injuries than older animals, possibly due to hormonal
imprinting and the rapid and interactive endocrine and morphological changes. A previous
study showed a decrease in sperm quality and fertility potential of male rats exposed to
antiandrogen during prepuberty, suggesting persistent impairment of male reproductive
competence in adulthood. The present study aimed to evaluate the histological
organization of the testes and epididymis after premature androgen deprivation and to
investigate possible changes in the testicular and epididymal epithelium focusing on the
expression pattern of androgen receptor-AR, sperm protein 22-SP22, and two proteins
(calmodulin and Rabl11A) possibly related to previously observed fertility impairment.
Although androgen deprivation did not impair the testicular and epididymal morphology of
pubertal and adult animals, the AR immunostaining in the epididymis was decreased by
antiandrogen exposure. The immunostaining for Calm and Rab11A in the epididymis was,
respectively, increased and decreased in the flutamide-exposed animals, while SP22
immunostaining was similar in both the experimental groups. These changes in the pattern
of proteins expression in the epididymis may be related to impaired epididymal function,
sperm quality and fertility capacity, as previously observed. More studies are necessary to
better investigate the molecular changes in epididymis after hormonal injury during

prepuberty and the permanent consequences on sperm quality and fertility.
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Introduction

Sperm maturation in the epididymis includes the acquisition of progressive and
sustained motility of spermatozoids and the development of fertility capacity (Yeung and
Cooper, 2002; Roberts, 2010). In addition, the plasma sperm membrane undergoes constant
remodeling, with a sequential attachment and shedding of molecules that require precise
timing and order of epididymal gene expression in the different segments of the organ
(Sipilé et al., 2011). The rodent epididymis can be divided into 4 distinct regions (initial
segment, caput, corpus and cauda), which can be further subdivided into several segments,
each one presenting a unique environment that contributes to the sequential process of

sperm maturation (Turner, 2003; Sipild P et al., 2011).

These segments of the epididymal duct are established during the postnatal
development of the organ, which includes the undifferentiated period, differentiation phase
and expansion period (Sun and Flickinger, 1979). The differentiation stage is especially
important because the epididymis undergoes important changes in its morphology, function
and gene and protein expression resulting in the segmentation of the duct (Rodriguez et al.,
2002). The complete mechanisms that regulate the growth and differentiation of the
epididymis are unknown, although the critical role of luminal and circulating androgens

should be considered (Robaire et al., 2006).

Endogenous androgens exert most of their effects by binding to androgen receptor
(AR), a ligand-activated transcription factor, resulting in the control of androgen-
responsive gene transcription in target cells (Patrdo et al., 2009). Expression of AR itself
is hormonally regulated by androgens (Zhun et al., 2000). Lumicrine interaction between
androgens and AR involves transport of testicular testosterone bound to androgen binding
protein (ABP) in the proximal epididymis. The testosterone-ABP complexes are taken up to
the cytoplasm of the epithelial cells, where the enzyme Sa-reductase converts this hormone
into dihydrotestosterone, the main androgen in the regulation of epididymal functions

(Robaire et al., 2007, Patrdo et al., 2009).

The experimental administration of androgen antagonists to achieve androgen

deprivation of the epididymis is well established (Kaur et al 1992, Dhar et al., 1983). Data
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in the literature have shown that epididymal androgen receptors and Sa-reductase activity
are both decreased in the androgen-deficient state and the testosterone replacement appears
to be sufficient for the recovery of caput, corpus and cauda epididymis, but does not
completely reverse the effects on the initial segment (Robaire et al., 1977; Moniem et al.,
1978; Fawcett and Hoffer, 1979; Holland et al., 1992). On the other hand, few studies have
focused on experimental testosterone deprivation in immature animals during the postnatal
differentiation of the epididymis. Animals in this developmental phase seem to be more
affected by hormonal injuries than older animals, possibly due to hormonal imprinting and
the rapid and interactive endocrine and morphological changes (Chapin et al., 1997; Stoker

et al., 2000).

A previous study showed a decrease in sperm quality and fertility potential of male
rats exposed to antiandrogen during prepuberty, suggesting persistent impairment of
epididymal function and reproductive competence during adulthood. In addition, these
adverse effects appear to be associated with some changes in the protein profile of the
sperm membrane (Perobelli et al., 2012). The aim of the present study was to better
investigate the role of testicular and post-testicular events in this compromising of sperm
quality by evaluating the structural organization of the testis and epididymis and
investigating possible changes in the proteins expression of these reproductive organs after
premature androgen deprivation, focusing on the expression pattern of androgen receptor-
AR, sperm protein 22-SP22, and two proteins (calmodulin and Rab11A) possibly related to
previously observed fertility impairment, as shown by the evaluation sperm membrane

proteomic.

Material and Methods
Animals

Immature Wistar male rats (21 days old) were supplied by the Central Biotherium of
UNESP - Univ Estadual Paulista. During the experiment, animals were allocated

individually into polypropylene cages, with laboratory grade pine shavings as bedding. Rats

109



were maintained under controlled temperature (£ 23°C) and lighting conditions (12L/12D
photoperiod). Rat chow (Purina Labina, Agribrands do Brasil Ltda, Paulinia/SP, Brazil) and
filtered tap water were provided ad libitum. Experimental procedures were in accordance
with the Ethical Principles in Animal Research adopted by the Brazilian College of Animal
Experimentation and were approved by the Biosciences Institute/UNESP Ethics Committee

for Animal Research (protocol number 21/08).

Experimental design

Male rats were randomly divided into two experimental groups: control group (C,
n=14) and flutamide group (F, n=16). The F group received daily oral doses of flutamide
(Sigma Aldrich — 25 mg/kg, at a volume of 3ml/kg) diluted in corn oil, while the C group
received only the vehicle (corn oil), at the same volume. Animals were treated from post
natal day (PND) 21 to PND44 corresponding to the prepubertal development of the
epididymis. Rats were weighed daily during treatment and on alternate days after this
period. The dose of flutamide chosen in this study is effectively antiandrogenic, as

described previously (Dhar et al., 1983; Klinefelter et al., 1997a; Klinefelter et al., 1997b).

The animals were killed on PND 50 (n= 7-8 rats/group) and PND 75 (n=7-8 rats/group) for
the evaluation of total body weight, weight of organs, intratesticular testosterone levels,
histopathology of the testis and the epididymis, immunohistochemistry in the testis for
calmodulin and Rabl1A, and immunohistochemistry in the epididymis for androgen
receptor (AR), sperm protein 22 (SP22), calmodulin and Rabl1A. Besides, it was

performed Western blot assay for AR in epididymal extract.

Euthanasia, body weight and organ weights of male rats

At 50 and 75 days of age, 7-8 male rats per experimental group were killed by
decapitation. The right testis, epididymis and vas deferens, ventral prostate, seminal vesicle
(without the coagulating gland), liver and kidneys were removed and their wet weights

(absolute and relative to body weight) were recorded.
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Ex vivo testosterone production

The right testis of each animal was removed, decapsulated, and the parenchyma was
sliced into approximately 50 mg pieces. Each piece was weighed and placed into a 1.5-ml
microfuge tube containing 1.0 ml Medium 199 (M199). The M199 was buffered with 0.71
g/L. sodium bicarbonate (NaHCO?3) and 2.1 g/L. Hepes, and contained 0.1% BSA (bovine
serum albumine) and 25 mg/L soybean trypsin inhibitor, pH 7.4. The parenchyma was
incubated, in duplicate, for 2 hours at 34°C [44]. After centrifugation (5 min., 10,000 x g),
the medium was frozen at —70°C until the determination of testosterone levels by the
technique of double antibody radioimmunoassay. Testosterone assay was performed using
a testosterone maia® kit (Biochem Immuno System). All samples were assayed in

duplicate and in the same assay to avoid inter-assay errors. The intra-assay error was 4%.

Histological procedures

The left testis and epididymis were collected and fixed in Bouin’s fluid for 24 h (25%
formaldehyde, 70% saturated solution of picric acid and 5% glacial acetic acid). The pieces
were embedded in paraffin wax and sectioned at Sum (cross-sections of the testis and
longitudinal sections of the epididymis). Sections used for histological evaluation were
stained with hematoxylin and eosin (HE), examined and photographed by light microscopy.
Sections used for immunohistochemistry were prepared in silanized slices. The evaluations

were performed in blind assays.

Histopathology Evaluation
Testis

Seminiferous tubule cross-sections were randomly chosen in three non-serial
sections per animal, totaling 100 tubules/animal. They were classified as normal (presence
of concentric and normally organized germ cell layers in seminiferous epithelium) or
abnormal (presence of germ cells and cellular debris in the lumen, multinucleated

formation, few germ cell layers, vacuole formation). The interstitium was qualitatively
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evaluated. In addition, the numbers of Sertoli cell nuclei were counted in 20 cross-sections
of seminiferous tubules per rat at stage VII of spermatogenesis (Clermont, 1972) under a
light microscope (Zeiss, Axiostar plus), at 400x magnification. Only Sertoli cells exhibiting

typical morphological nuclear features were quantified.
Epididymis
The histopathological analysis of the epididymis was qualitative, analyzing the

entirety of each epididymal histological section. The aspects of the epithelium, lumen and

interstitial tissue were evaluated.

Immunohistochemistry Assay

Testes
- Calmodulin (CALM) and Rabl 1A

Testes cross-sections (n=4 animals/experimental group) were deparaffinized using
xylene (Sigma Chemical Co., St. Louis, MO, USA) and hydrated using decreasing
concentrations of ethanol. The slides were immersed in 0.01M sodium citrate buffer, 0.05%
Tween 20 and submitted to antigen recovery in a microwave for 60 sec. Next, the sections
were washed twice in Delbecco’s Phosphate Buffered Saline (DPBS), 5 min each, and
incubated with blocking solution for 30 min at 34° (1% BSA and 3% Tween 20 in DPBS
buffer). Incubation with 3% hydrogen peroxide in water for 15 min at 34° was used to
block the endogenous peroxidase. Subsequently, the slides were incubated with the
following primary antibodies diluted in blocking solution (1:200), overnight at 4° C: the
polyclonal Calm Ig (Santa Cruz Biotechnology, Santa Cruz, CA, USA) or monoclonal
Rab11A Ig (Santa Cruz Biotechnology, Santa Cruz, CA, USA).

Following two 5 min washes in DPBS, the sections were incubated for 1h at room
temperature with appropriate secondary antibody (Vector Biotinylated Universal Antibody)
diluted in blocking solution (1:100). The Standard Vectastain ABC system (Santa Cruz
Biotechnologies) was used to evidence the immunocomplex formed by secondary antibody

linked to the primary antibody, according to the manufacturer's instructions. After two 5
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min washes in DPBS, peroxidase activity was revealed using 3,3'-Diaminobenzidine
(Impact DAB) for 20 sec. The sections were washed in distilled water, counterstained with
hematoxylin, dehydrated using increasing concentrations of ethanol, cleared by xylene and
coverslipped with Vectamount. Sections were analyzed under a light microscope, and the

images were captured by a digital camera coupled to the microscope.
Epididymis
- Androgen Receptor (AR)

The immunohistochemistry studies were performed as previously described by Silva
et al., 2010. Briefly, epididymal longitudinal sections (n=3 animals/experimental group)
were deparaffinized using xylene (Sigma Chemical Co., St. Louis, MO, USA) and hydrated
using decreasing concentrations of ethanol. The blockage of endogenous peroxidase was
performed in 30% H,0O, solution for 30 min at room temperature. The sections were
washed with TBS buffer (20 mM Tris, 150 mM NaCl, 0.1% BSA) and incubated with 300
mM glycine in TBS buffer for 5 min. After a TBS wash, the slides were incubated with
blocking solution (5% BSA in TBS buffer) for 15 min at room temperature. The
Avidin/Biotin blocking kit (Vector laboratories, Burlingame, CA, USA) was used to block
endogenous biotin following the manufacturer’s instructions. Then, sections were incubated
overnight at 4°C with primary antibody against Androgen Receptor (AR, Santa Cruz
Biotechnology, Santa Cruz, CA, USA) diluted in blocking solution (1: 250). Following
three 2 min washes in TBS and 15min incubation with blocking solution, the sections were
incubated for 30 min at room temperature with appropriate secondary antibody (anti-rabbit)
conjugated to biotin diluted in blocking solution (1:200). The Standard Vectastain ABC
system (Santa Cruz Biotechnologies) was used to evidence the immunocomplex formed by
secondary antibody linked to the primary antibody, according to the manufacturer's
instructions. The slides were incubated for 90 min at room temperature with avidin-biotin.
After three 2 min washes in TBS, peroxidase activity was revealed using a solution of TBS,
0.1 M imidazole, DAB (3,3 '-diaminobenzidine) 0.075% and 0.002% H202 for 10 min at
room temperature. The sections were washed in TBS and counterstained with methylene

blue, dehydrated by applying increasing concentrations of ethanol, cleared by xylene and
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coverslipped with Permount. Sections were analyzed under light microscope, based on the
subdivision of the epididymis of rats into six distinct regions (proximal and distal initial
segment, caput, corpus, proximal and distal cauda), as indicated in the results. The images

were captured by a digital camera attached to the microscope.

- CALM, Rab 11A, Sperm Protein 22 (SP22)

Epididymal longitudinal sections (n=4 animals/experimental group) were
deparaffinized using xylene (Sigma Chemical Co., St. Louis, MO, USA) and hydrated
using decreasing concentrations of ethanol. The slides were immersed in 0.01M sodium
citrate buffer, 0.05% Tween 20 and submitted to antigen recovery in a microwave for 60
sec. Next, the sections were washed twice in Delbecco’s Phosphate Buffered Saline
(DPBS), 5 min each, and incubated with blocking solution for 30 min at 34° (1% BSA and
3% Tween 20 in DPBS buffer). Incubation with 3% hydrogen peroxide in water for 15 min
at 34° was used to block the endogenous peroxidase. Subsequently, the slides were
incubated with the following primary antibodies diluted in blocking solution, overnight at
4° C: the polyclonal Calm Ig (1:200, Santa Cruz Biotechnology, Santa Cruz, CA, USA), the
monoclonal Rab11A Ig (1:200, Santa Cruz Biotechnology, Santa Cruz, CA, USA) or the
polyclonal SP22 (1:250, Welch et al. 1998).

Following two 5 min washes in DPBS, the sections were incubated for 1h at room
temperature with appropriate secondary antibody (Vector Biotinylated Universal Antibody)
conjugated to biotin diluted in blocking solution (1:100). The Standard Vectastain ABC
system (Santa Cruz Biotechnologies) was used to evidence the immunocomplex formed by
secondary antibody linked to the primary antibody, according to the manufacturer's
instructions. After two 5 min washes in DPBS, peroxidase activity was revealed using 3,3'-
Diaminobenzidine (Impact DAB for 20 sec). The sections were washed in distilled water,
counterstained with hematoxylin, dehydrated using increasing concentrations of ethanol,
cleared by xylene and coverslipped with Vectamount. Sections were analyzed under a light

microscope, based on the subdivision of the rat epididymis into six distinct segments
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(proximal and distal initial segment, caput, corpus, proximal and distal cauda), as indicated

in the results. The images were captured by a digital camera coupled to the microscope.

Western Blot Assay

A Western blot experiment was performed on epididymal total protein extracts, as
described previously by Silva et al.,, 2010. Briefly, the epididymis (n= 3-4
animals/experimental group) was collected, dissected, divided into SI/caput, corpus and
cauda and immediately frozen in liquid nitrogen and stored at -80°C. The tissues
(approximately 100mg per epididymal region) were pulverized in liquid nitrogen and
dounce-homogenized in 3 volumes of RIPA buffer (1%NP-40, v/v, 0.5% sodium
deoxicolate, v/v, 0.1% sodium dodecyl sulfate, w/v), in Phosphate Buffered Saline (PBS)
buffer, containing protease inhibitors (ImM phenylmethylsulfonil fluoride, 0.5mM
pefabloc, 10pg/ml aprotinin, 20ug/ml leupeptin and 10pug/ml pepstatin). After 30min of
incubation at 4°C, samples were centrifuged twice (15,000 x g, 4°C, 10 min) and the
supernatant (total protein extract) was aliquoted. Protein concentration was determined with
BioRad protein assay reagent (Invitrogen, San Diego, CA, USA), using bovine serum

albumin as the standard.

Total protein extracts (100ug) were size-separated on 8% acrylamide/bis-acrylamide
gels (37.5:1). Pre-stained protein molecular weight standards (New England BioLabs,
Beverly, MA, USA) were used as a reference. The proteins were transferred onto a PVDF
membrane (Immobilon-P; Millipore, Billerica, MA, USA) according to standard protocol.
Transfer and equal protein loading were verified by Comassie blue staining. Membranes
were incubated for 1.5h at room temperature with blocking solution containing 5% non-fat
milk (w/v) in TBS-T buffer (100mM Tris-Cl (pH 8.0), 150 mM NaCl, and 0.05% Tween-
20, v/v). After 5 min wash with TBS-T, membranes were incubated with primary antibody
against AR (1:600, Santa Cruz Biotechnology, Santa Cruz, CA, USA) or against 3 actin
(1:1000, Santa Cruz Biotechnology, Santa Cruz, CA, USA) for 1h at room temperature.
The B-actin was used as internal control. The membranes were washed with TBS-T buffer

and subsequently incubated for 30 min at room temperature with appropriate secondary
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antibody conjugated to peroxidase conjugated secondary antibody (1:10,000, Santa Cruz
Biotechnology, Santa Cruz, CA, USA). Results were visualized by a chemiluminescent
detection (ECL Luminol, New England Nuclear Lifew Sciwences Products, Boston, MA,
USA) using autoradiography films.

Statistical Analysis

For comparison of results between the experimental groups, parametric Student’s ¢
test or nonparametric Mann-Whitney test was performed, according to the characteristics of
each variable. Differences were considered significant when p < 0.05. The statistical

analyses were performed by GraphPad InStat (version 3.02).

Results

Body weight gain was similar between experimental groups during the treatment as
well as after this period (data not shown). In the same way, final body weight was
comparable between control and flutamide-treated rats at both PND 50 and PND 75. On
PND 50, the absolute and relative weights of reproductive organs (epididymis, prostate, full
seminal vesicle and vas deferens) were significantly decreased in the flutamide group
compared to control. There was no difference in the testis absolute weight between the
groups while testis relative weight was increased in flutamide-exposed animals. On PND
75 reproductive organ weights had recovered and were similar between experimental
groups. The absolute and relative weights of the liver and the paired kidneys were

comparable between control and flutamide group at both studied ages (Table 1).

The intratesticular testosterone levels did not present a significant difference
between control and flutamide-dosed animals at 50 days old. In 75-day-old animals, this
parameter had shown a 94% increase in flutamide group compared to control, although this

alteration was not statistically significant (p=0.189) (Fig. 1).

Quantitative histopathological analysis of the testes (Table 2) and qualitative

histopathological analysis of the epididymidis (data not shown) did not reveal alterations in

116



flutamide-exposed rats in relation to control rats at either of the studied ages. The number
of Sertoli cell nuclei per seminiferous tubule (stage IX of the spermatogenesis) was similar

between the experimental groups (Table 2).

There was no modification in the immunostaining pattern for CALM and Rab11A
in the testis of dosed rats when compared to control rats at both studied ages (data not
shown). In epididymal tissue, positive immunostaining for (AR) was observed in epithelial,
interstitial and smooth muscle cells from the initial segment, caput, corpus and cauda
epididymis, in an age- and region-specific pattern (Figure 2 and 3). Changes in the AR
immunostaining pattern were detected in the epididymis of flutamide-exposed animals on
PNDS50. In the epithelial cells, diminutions in the number and intensity of nuclear staining
were observed in the proximal and distal initial segment and caput, whereas the corpus and
cauda epididymis showed a slighter reduction in the nuclear staining intensity. The
cytoplasmic staining was similar between control and flutamide groups in all epididymal
regions. The AR immunostaining in the smooth muscle cells showed a reduction in the
number and intensity of nuclear staining only in the proximal and distal initial segment.
Decreases in the immunostaining intensity were noted in the interstitial cells of all

epididymal regions (Fig. 2).

In the epididymis of flutamide-exposed animals on PND75, the number of epithelial
cells with nuclear staining for AR were lower in flutamide group when compared to
control, only in the distal initial segment and caput. In the other epididymal regions the AR
immunostaining pattern in epithelial cells was similar between experimental groups. The
AR immunostaining pattern in interstitial and smooth muscle cells was comparable
between the control and flutamide groups in all epididymal regions (Fig. 3). The Western
blot assay detected the AR as a single band, with the expected molecular weight of
approximately 110KDa in rat epididymal tissue at 50 and 75 days of age (Fig. 4A and 4B,

respectively).

The immunostaining pattern for SP22 along the epididymis was similar between
control and flutamide-dosed animals at either of the studied ages (data not shown). The

immunostaining for CALM in the epididymis epithelium was increased in flutamide group
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both at 50 and 75 days old, specifically in the cauda region (Fig. 5 and 6, respectively). The
immunostaining for Rabl1A in the epididymis epithelium was similar between the
experimental groups at 50 days of age (data not shown). On the other hand, there was a
reduction in the immunostaining for Rab11A in the epididymal tissue of flutamide-exposed

animals at PND 75, only in the cauda epididymis (Fig. 7).

Discussion

The present study aimed to investigate whether chemically-induced androgen
deprivation during a critical period of male reproductive development interferes in the
histological organization and expression of specific proteins in testicular and epididymal
tissue. The present study was accomplished to better comprehend the possible changes in
the testis and epididymis involved in the previously observed impairment on sperm quality
and fertility ability of male rats exposed to flutamide during prepuberty (Perobelli et al.,
2012).

The absence of alterations in body weight evolution during the experimental period,
as well as in the final body weight and liver and kidney weights, indicates that the
antiandrogen exposure did not induce systemic toxicity in the experimental animals.
Corroborating previous studies (Monosson et al. 1999, Perobelli et al., 2012), no changes
were observed in absolute testis weight. The decreased weights of the epididymis, vas
deferens, seminal vesicle and prostate in flutamide-treated rats on PNDS50 suggest
compromised development of these androgen-dependent organs and support the efficiency
of such chemically-induced androgen deprivation. On PND75 all reproductive organs

presented a growth recovery.

The testicular histopathology was evaluated to detect some impairment of
spermatogenesis, since this parameter is considered sensitive for evaluating testicular
toxicity (Takayama et al., 1995; Anahara et al., 2008). No alterations were found either in
the morphology of seminiferous tubules or in the testicular interstitium of flutamide-
exposed animals. Adding to this result, the number of Sertoli cells per seminiferous tubule

was similar between the groups. These somatic cells are responsible for creating an
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appropriate environment for germ cell proliferation and maturation (Boekelheid et al.,
2005). These results suggest that flutamide exposure did not interfere in the

spermatogenesis process.

Some studies have documented elevation in plasma testosterone levels after
antiandrogen exposure (Friry-Santini et al., 2007; Rouquie” et al., 2009, Svechnikov et al.,
2010). The experimental design adopted in the present study failed to show this effect
(Perobelli et al., 2012). Therefore, ex vivo intratesticular testosterone production was
assessed to be a more precise measure of the androgenic status of the male when compared
to serum dosages. The 94% increase in the intratesticular testosterone levels of flutamide-
exposed animals at 75 days old may be due to an impairment of the hormonal control of the
hypothalamic-pituitary-testis axis. The lesser ability of testosterone to bind AR in the
androgen-deprivation situation suppresses the inhibitory feedback effect of testosterone on
LH production by preventing the hypothalamus and anterior pituitary from recognizing the
presence of testosterone. This can result in hyperstimulation of Leydig cells and a
consequent increase of testosterone levels (Svechnikov et al., 2010). This hyperstimulation
of Leydig cells during the antiandrogen exposure period may provoke desensitization of

these cells and, consequently, permanent impairment of hormonal axis control.

Although the androgen deprivation did not impair the epididymal duct morphology of
pubertal and adult animals, the AR immunostaining in the epididymis was decreased by
antiandrogen exposure in both the studied ages. Epididymal androgen receptors and 5a-
reductase activity are both decreased in the androgen-deficient state, suggesting that the
mechanisms of androgen action are compromised by androgen withdrawal (Ezer and
Robaire, 2002). The quantity of AR-positive cells in the epididymis increases during the
postnatal development of the duct, confirming the importance of these receptors in the
normal development of the organ (You, 1998). Thus, the observed changes in the AR
expression pattern in the epididymis of immature and adult rats suggest an impairment of
the postnatal development of the organ and could be related to the compromising of
epididymal function and the lower sperm quality and fertility capacity previously observed

(Perobelli et al., 2012).
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Although SP22 is described as an important molecular biomarker of male fertility (to
review see Kempinas and Klinefelter, 2010), no alteration was observed in the pattern of
SP22 immunostaining in the epididymis tissue of flutamide-exposed animals, when
compared to controls. This result complements the results obtained previously (Perobelli et
al., 2012), in which SP22 levels were found to be unaltered in the sperm membrane protein

extracts from rats dosed with flutamide during prepuberty.

The immunostaining for CALM and Rabl1A in the testis and epididymis was
investigated, since a previous study revealed modifications in these proteins by evaluating
the sperm membrane protein profile (Perobelli et al., 2012). The CALM is localized in the
acrosomal region and flagellum of the sperm. The roles of this protein in sperm physiology
are diverse and include the support of capacitation-related changes in plasma membrane
properties (Ignotz and Suarez, 2005). The Rab11 is a small GTP binding protein involved
in vesicular trafficking. Although it has been described as an essential protein in the
fertilization process in drosophila (Tiwari et al., 2008), there are no data in the literature
about its involvement in mammals fertilization. The immunostaining for CALM and
Rab11A in the epididymis tissue was difuse, occuring in the epithelium, spermatozoa in the
lumen and in the interstitium. The increase in CALM expression and the decrease in
Rab11A expression observed in the epididymal cauda of flutamide-exposed rats may
indicate changes in the physiology of the epididymis and in the sperm maturation
processes, impairing the ability of sperm suffer the capacitation process and, consequently,
the fertility competence of the animals at adulthood. More studies are needed to better

evaluate the role of these proteins in the mammal sperm maturation and fertility.

In the present study, although the androgen deprivation during prepuberty did not
alter the histological organization of the testes and epididymis either at puberty or at
adulthood, the treatment impaired the expression of specific proteins in epididymal tissue at
puberty and adulthood, possibly interfering in processes of post-testicular sperm maturation
and compromising sperm quality and fertility in a persistent manner. Further studies are
necessary to better investigate the molecular mechanisms involved in the impairment on

reproductive competence of male rats after hormonal injury during prepuberty.
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Figure legends

Figure 1: Intratesticular testosterone levels (ng/g testis). Rats from control and flutamide

groups at 50 and 75 days old. Values expressed as mean + SEM. Mann Whitney test.

Figure 2: Immunostaining of androgen receptor (AR) in rat epididymis at 50 days old. A,
B: proximal initial segment, C, D: distal initial segment, E, F: caput, G, H: corpus, I, J:
proximal cauda, K, L: distal cauda. Ep: epithelium, M: smooth muscle cells, In: interstitial
tissue, L: lumen. Observe nuclear staining (arrow). Left column: control group, right

column: flutamide group (control n=3, flutamide n=3). Final magnification, 400X.

Figure 3: Immunostaining for androgen receptor (AR) in rat epididymis at 75 days old. A,
B: proximal initial segment, C, D: distal initial segment, E, F: caput, G, H: corpus, I, J:
proximal cauda, K, L: distal cauda. Ep: epithelium, M: smooth muscle cells, In: interstitial
tissue, L: lumen. Observe nuclear staining (arrow). Left column: control group, right

column: flutamide group (control n=3, flutamide n=3). Final magnification, 400X.

Figure 4: Androgen receptor (AR) detection by Western blot analysis using initial
segment/caput (CP), corpus (CO) and cauda (CD) epididymis total protein extracts from
control and flutamide group (n=3-4 animals/experimental group). A: animals at 50 days

old, B: animals at 75 days old. Internal control: B actin.

Figure 5: Immunostaining for calmodulin (CALM) in rat epididymis at 50 days old. A, B:
proximal initial segment, C, D: distal initial segment, E, F: caput, G, H: corpus, I, J:
proximal cauda, K, L: distal cauda. Ep: epithelium, M: smooth muscle cells, In: interstitial
tissue, L: lumen. Left column: control group, right column: flutamide group, (control n=4,

flutamide n=4). Final magnification, 400X.
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Figure 6: Immunostaining for calmodulin (CALM) in rat epididymis at 75 days old. A, B:
proximal initial segment, C, D: distal initial segment, E, F: caput, G, H: corpus, I, J:
proximal cauda, K, L: distal cauda. Ep: epithelium, M: smooth muscle cells, In: interstitial
tissue, L: lumen. Left column: control group, right column: flutamide group, (control n=4,

flutamide n=4). Final magnification, 400X.

Figure 7: Immunostaining for Rab11A in rat epididymis at 75 days old. A, B: proximal
initial segment, C, D: distal initial segment, E, F: caput, G, H: corpus, I, J: proximal cauda,
K, L: distal cauda. Ep: epithelium, M: smooth muscle cells, In: interstitial tissue, L: lumen.
Left column: control group, right column: flutamide group, (control n=4, flutamide n=4).

Final magnification, 400X.
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Table 1: Final body weight and absolute and relative reproductive organ weights of male

rats from control and futamide groups at 50 and 75 days old.

50 days-old

75 days-old

Control (n=7)

Flutamide (n=8)

Control (n=7)  Flutamide (n=38)

Final body weight (g)

Testis (g)

Testis (mg/ 100 g BW)
Epididymis (mg)

Epididymis (mg/100 g BW)
Ventral prostate (mg)

Ventral prostate (mg/ 100 g BW)
Vas deferens (mg)

Vas deferens (mg/ 100 frg BW)
Seminal Vesicle full (mg)
Seminal Vesicle full (mg/100g BW)
Liver (g)

Liver (g/100g BW)

Paired kidneys (g)

Paired kidneys (g/100g BW)

263.40£7.68

1.27+0.06

481.36+14.25

228.26+11.80

86.57+3.40

174.07+11.84

66.32+4.54

58.33+2.10

22.17+0.67

397.91+25.65

150.66+7.27

"12.35+£0.45

4.69+0.12

2.06+0.08

0.78+0.02

248.81%£10.21

1.33+0.04

536.72+15.85*

147.46+£9.57%#%*

59.2743.04 %%

101.02£11.75%%*

40.81+4.87**

42.89+]1.86%*#*

17.30+0.68%**

171.94417.59%%%*

68.67+6.00%***

11.89+0.43

4.79+0.12

1.95+0.06

0.79+0.02

371.09£14.15 373.94+15.59
1.60+0.04 1.64+0.04

436.97+23.28 441.73+x13.32

502.97£9.35  500.07+16.39
136.33£3.62  134.37+3.59
354.07+42 335.8+39.44
93.75+8.64 89.43+9.96
75.81+3.50 77.05+4.07
20.52+0.92 20.59+0.62

1.078.11£71.21 908.55+71.20

242.26£21.04 243.84+19.73

15.09+0.79 15.09+0.49
4.06+0.09 4.05+0.05
2.67+0.11 2.63+0.12
0.72+0.01 0.71+0.02

Values expressed as mean £ SEM. Student’s t test. *p<0.05; **p<0.01; ***p<0.001; ****p<0.0001.

BW-body weight
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Table 2: Testicular histological analysis (50- and 75-day-old animals) and Sertoli cell

nuclei number (75-day-old animals) in rats from control and flutamide groups

50 days old 75 days old
Control Flutamide Control Flutamide
(n=7) (n=7) (n=7) (n=8)
Normal seminiferous 95.00 97.00 95.00 95.00
1
tubules (94.50-97.00)  (94.50-98.00) (93.25-96.00) (94.50-96.25)
Anormzlll seminiferous 5.00 3.00 5.00 5.00
tubules (3.00-5.50) (2.00-5.50) (4.00-6.75) (5.00-6.50)
Sertoli cell nuclei number? 17.31+0.89 19.26+0.29

| T . T . 7
Values expressed as median and interquartile intervals. “Values expressed as Mean

+SEM. Mann Whitney test.
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Figure 7
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Conclusoes Finais
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5. CONCLUSOES FINAIS

A exposicdo a agente antiandrogénico durante o periodo pré-puberal prejudicou a
homeostasia do organismo em desenvolvimento e acarretou efeitos adversos sobre
parametros reprodutivos avaliados na puberdade e na idade adulta dos animais. A
competéncia reprodutiva e a qualidade espermdtica dos ratos que sofreram privacao
androgénica durante a pré-puberdade foi alterada de maneira persistente. Tais resultados
parecem estar associados a mudangas no perfil proteico da membrana dos espermatozoides
e na expressdo de determinadas proteinas no epitélio epididimério, o que poderia indicar
um prejuizo aos processos de diferenciacdo e maturacdo dos espermatozoides e,

consequentemente, a qualidade dos gametas.

Os resultados obtidos no presente estudo reafirmam a susceptibilidade de animais em
desenvolvimento aos desreguladores enddcrinos e ratificam a necessidade de mais estudos
nesta subdrea da toxicologia, uma vez que a maior parte das pesquisas desenvolvidas até o

momento aborda exposicao durante o periodo gestacional e lactacional ou na idade adulta.
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