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RESUMO

Nos tltimos anos, varios quimicos ambientais t€ém sido apontados como disruptores endocrinos.
O bisfenol A (BPA) ¢ um disruptor endrocrino que possui atividade estrogénica e afeta o
sistema reprodutivo. Este estudo teve como objetico avaliar se o gerbilo da Mongolia (Meriones
unguiculatus), exposto ao BPA durante o periodo gestacional e lactacional, poderia causar
alteragcdes na motilidade de espermatozoides e na prostata durante a vida adulta e senil. Para
isso, gerbilas prenhes foram submetidas a exposi¢cao ao BPA por meio de gavagem a partir do
8° dia de gestagdo até o final da lacta¢do, de acordo com quatro grupos experimentais: controle
(C) - animais livres de gavagem, controle 6leo (OC) - veiculo da gavagem, baixa dose (LBPA)
(50 pg/kg BPA), alta dose (HBPA) (5000 pg/kg BPA). A prole masculina foi mantida em
biotério até atingir 90 dias ou 1 ano de idade (subgrupo adulto ou senil, respectivamente),
momento em que os animais foram eutanasiados. A exposi¢cao ao BPA causou aumento no peso
corporal dos animais senis, mas ndo alterou o peso do lobo ventral préstata, nem o peso do
complexo prostatico. O BPA teve um efeito negativo na motilidade de espermatozoides e
aumentou a incidéncia de lesdes prostaticas pré-malignas. Nos animais adultos, os grupos
LBPA e HBPA apresentaram diminui¢do nos niveis séricos de testosterona e na expressao de
receptores de andrégenos em comparacao com o grupo controle (C). O BPA também alterou a
expressdo dos receptores de estrogeno. A expressdo da enzima aromatase ndo apresentou
alteracdes, no entanto, a enzima Sa-redutase demonstrou aumento no grupo LBPA em relagcao
ao grupo controle (C) nos animais senis. Esses dados indicam que a exposi¢@o perinatal ao BPA
pode causar alteracdes na sinalizagdo hormonal da prostata e essas mudancas hormonais
provavelmente estdo relacionadas com o prejuizo na motilidade dos espermatozoides e aumento

incidéncia de lesdes pré-malignas da prostata.

Palavras—chave: Bispenol A. Prostata do gerbilo. Motilidade de espermatozoides. Lesdes

prostaticas.



ABSTRACT

In recent years, several environmental chemicals have been identified as endocrine disruptors.
Bisphenol A (BPA) is an endocrine disruptor that exhibits estrogenic activity and affects the
reproductive system. This experiment aimed to assess whether the Mongolian gerbil (Meriones
unguiculatus) exposed to BPA during the gestational and lactational period could lead to
alterations in sperm motility and the prostate during adulthood and senescence. For this,
pregnant gerbils were subjected to BPA exposure through gavage from the 8th day of gestation
until the end of lactation, according to four experimental groups: control (C) - animals without
gavage, oil control (OC) - gavage vehicle, low dose (LBPA) (50 pg/kg BPA), high dose
(HBPA) (5000 pg/kg BPA). The male offspring were allocated in isolators until 90 days or 1
year of age (adult or senile subgroup, respectively), at which point the animals were euthanized.
Exposure to BPA resulted in an increase in body weight in senile animals but did not alter the
weight of the ventral prostate lobe or the prostate complex. BPA had negative effect on sperm
motility and increase the incidence of premalignant prostate lesions. In adult animals, the LBPA
and HPBA groups showed a decrease in testosterone serum levels and in androgen receptor
expression compared to the control group (C). BPA also altered the expression of estrogen
receptors. The expression of the aromatase enzyme showed no changes; however, the 5a-
reductase enzyme exhibited an increase in the LBPA group compared to the control group (C)
in senile animals. These data suggest that perinatally exposure to BPA can promote changes in
prostate hormonal signaling, and these hormonal changes are probably related to impairment

of sperm motility and increase the incidence of pre-malignant prostate lesion.

Keywords: Bisphenol A. Gerbil prostate. Sperm motility. Prostate lesion.
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1. INTRODUCAO

1.1 Sitema endo6crino

O sistema endocrino € responsavel por controlar diversas fungdes corporais, como
o metabolismo, a regulacdo do meio interno (homeostase), a reprodugao, o crescimento e
desenvolvimento. De modo geral, o sistema enddcrino, juntamente com o sistema
nervoso, estabelece relacdes do corpo com o meio ambiente, permitindo o
desenvolvimento, adaptagdo e manuten¢do da satde e dos processos corporais (GORE et
al., 2014).

De acordo com a definigdo tradicional, um hormonio ¢ uma substancia quimica
produzida por uma célula ou grupo de células, liberada na corrente sanguinea e
transportada para um alvo distante, onde exerce seu efeito em concentragdes muito baixas
(SILVERTHORN, 2017). No entanto, ¢ importante ressaltar que alguns hormonios e
substancias com atividade hormonal n3o sdo necessariamente langcados na corrente
sanguinea; as vezes, sdo liberados nos espacos do tecido conjuntivo e podem atuar sobre
células adjacentes que expressam receptores especificos para aquele hormoénio em
particular (ROSS, MICHAEL H; PAWLINA, 2012).

A primeira etapa na a¢do do hormodnio consiste na sua ligacdo a um receptor
hormonal especifico presente na célula alvo. Os hormonios interagem com esses
receptores, que podem estar expostos na superficie da célula alvo, situados no seu
citoplasma ou nucleo, e desencadeiam uma resposta celular (ROSS, MICHAEL H;
PAWLINA, 2012) (Figura 1). Ou seja, os horménios sdo moléculas sinalizadoras
envolvidas na comunicacao celular. Dessa forma, juntamente com outros mecanismos de
comunicac¢do celular, os hormoénios coordenam o desenvolvimento de cada individuo.
Isso possibilita o desenvolvimento dos embriondrio dos organimos partir de uma Unica

célula fertilizada para muitos milhdes de células especializadas.



17

a) Sistema endécrino

Célula-alvo

Sem resposta

Horménios sao secretados por células ou glandulas endécrinas
na corrente sanguinea. Apenas células-alvo com receptores para
o hormdnio respondem ao sinal.

b) Receptores da membrana celular

Moléculas sinalizadoras
extracelulares ligam-se

a receptores na o

membrana
celular.

A ligagao
inicia

Respostas celulares
rapidas

C) Receptores de sinais intracelulares

Receptor no citosol

Receptor
no nucleo

Moléculas o
sinalizadoras
lipofilicas
difundem-se
através da J
men::t;i?:r Aligagao a

. receptores
citosélicos ou

nucleares

inicia
Respostas mais
lentas relacionadas
a mudangas na
atividade de um gene

Figura 1: (A) Os hormonios sdo secretados por células ou glandulas enddcrinas na corrente
sanguinea, ¢ apenas as células-alvo que possuem receptores para o horménio respondem ao sinal. Os
hormoénios interagem com seus receptores, (b) que podem estar expostos na superficie da célula alvo, (c)
ou situados no seu citoplasma ou ntuicleo celular (adaptado de Silverthorn, 2017).
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1.2 Disruptores endocrinos

Devido ao papel critico do sistema enddcrino em véarias fungdes biologicas e
fisioldgicas, deficiéncias ou interferéncia em qualquer parte do sistema enddcrino podem
levar ao desenvolvimento de doencas. Nas tltimas décadas, tem sido observado que a
exposicao a diversas substincias quimicas presentes no meio ambiente pode causar
alteracdes no sistema enddcrino. Estas substancias, foram denominadas desreguladores
ou disruptores endocrinos (DEs).

Os DE:s sao definidos pela Endocrine Society (maior organizagdo internacional de
cientistas especialistas em endocrinologia) como: “substancia quimica exdgena, ou
mistura de substincias quimicas, que interferem com qualquer aspecto da acgdo
hormonal.” Ao interferirem com o sistema endocrino, a exposi¢ao aos DEs pode perturbar
muitas das fungdes enddcrinas e ser prejudicial a satide. Semelhantes aos hormoénios
naturais, os DEs t€m efeitos em doses muito baixas. Os desreguladores enddcrinos podem
ser separados em classes de produtos quimicos, incluindo pesticidas (dicloro-difenil-
tricloroetano (DDT) e metoxicloro), fungicidas (vinclozolina), herbicidas (atrazina),
produtos quimicos industriais (bifenilas policloradas -PCBs, dioxinas), plasticos (ftalatos,
bisfenol A, alquilfendis) e hormonios vegetais (fitoestrogenos) (SKINNER;
MANIKKAM; GUERRERO-BOSAGNA, 2011).

Certos estagios de vida sdo particularmente vulneraveis a exposicao aos DEs,
especialmente no inicio do desenvolvimento. Foi demonstrado que os DEs desempenham
um papel significativo no desenvolvimento de doencas na vida adulta apos a exposicdo
perinatal, corroborando a hipotese de Barker de que as doengas adultas tém origem na
vida fetal (SKINNER; MANIKKAM; GUERRERO-BOSAGNA, 2011).

Criangas e recém-nascidos sdo mais sensiveis as toxinas ambientais em
compara¢do com os adultos. As vias metabdlicas em lactentes sdo imaturas, € os recém-
nascidos diferem dos adultos na capacidade de metabolizar, desintoxicar e eliminar
muitas toxinas (UNUVAR; BUYUKGEBIZ, 2012).

Dentre os DEs, destaca-se o bisfenol A (BPA), um composto utilizado na
fabricacdo de plasticos de policarbonato e resinas epoxi, encontrado em uma ampla
variedade de produtos da vida cotidiana. O BPA estd presente em garrafas plasticas,
embalagem de alimentos, selantes dentais, materiais de revestimento para tubos de PVC,
revestimento de latas de alimentos e bebidas, mamadeiras e muitos outros produtos de

uso diario (DI DONATO et al., 2017). O BPA pode ser facilmente liberado para o
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ambiente devido a repetidas lavagens, mudancas de pH ou mesmo devido a alteracdes de
temperatura ( TEILMANN et al., 2002; PRINS, 2008). O BPA ¢ um dos quimicos
ambientais mais amplamente difundido e ¢ encontrado no ambiente, incluindo no ar, solo,
sedimentos, agua e alimentos, bem como em seres vivos, como nos seres humanos,
animais selvagens e organismos aquaticos (ABRAHAM; CHAKRABORTY, 2019).

As rotas de exposicao ao BPA em seres humanos sao principalmente por ingestao,
inalagdo e absor¢do dérmica (LI; SUH, 2019). O BPA possui uma estrutura semelhante a
do estradiol (E) e, portanto, pode estimular a resposta celular ao se ligar aos receptores de
estrogénio (RUBIN, 2011), sendo, entdo, conhecido por apresentar atividade estrogénica.
As consequéncias da exposi¢do ao BPA incluem problemas cardiovasculares,
reprodutivos, problemas no desenvolvimento da glandula mamaria, baixa produgdo de
espermatozoides, diminuicdo no crescimento fetal, ansiedade e depressdo, obesidade,
canceres relacionados a hormdnios, como cancer de mama e cancer de prostata

(ABRAHAM; CHAKRABORTY, 2019).

1.3 A prostata

A prostata intrega o sistema reprodutor masculino como a maior glandula
acessoria, desempenhando um papel crucial na fertilidade dos homens. A secre¢ao
prostatica secretada pelo epitélio da prostata age na ativagdo e capacitacdo dos
espermatozoides (VERZE et al, 2016). A prostata estd localizada na pelve, abaixo da
bexiga, e envolve a parte prostatica da uretra (ROSS, MICHAEL H; PAWLINA, 2012)
(Fig. 2A).

No homem, a prostata ¢ uma glandula compacta que ndo possui distingdo em
lobos, sendo organizada em diferentes zonas: zona central, de transi¢do, zona
fibromuscular e periférica, como mencionado por VERZE et al. (2016) (Figura 2A). (Fig.
2A). Em contrapartida, em roedores, observa-se um complexo prostatico composto por
quatro pares de lobos bilateralmente simétricos que circundam a uretra, sendo designados
como anterior (ou glandula coaguladora), ventral, lateral e dorsal (Fig. 2B) (JESIK et al.,
1982). Os lobos prostaticos apresentam diferengas entre si em diversos aspectos, como o
padrdo de ramifica¢do dos ductos, a histologia, a sensibilidade hormonal e a secrecdo

(AUMULLER; SEITZ, 1990).
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Ejaculatory duct cz Central zone (Zona central)
fz Fibromuscular zone (Zona fibromuscular)
tz Transitional zone (Zona de transi¢do)

pz Peripheral zone (Zona periférica)

pgr Periurethral gland region (Regido Periuretral)

DLL

Figura 2. A: Posi¢ao anatomica da prostata humana, localizada abaixo da bexiga e circundando a uretra.
Em humanos, a prostata ¢ dividida em zona central (cz), transicional (tz) periférica (pz) e fibromuscular
(fz) (Verza et al, 2016, adaptado). B: complexo prostatico de roedores, composto por quatro pares de lobos
bilateralmente simétricos que circundam a uretra, (cg) lobo anterior (ou glandula coaguladora), (vl) lobo
ventral, (dll) lobo dorsolateral, (bl) bexiga, (sv) glandula seminal (Rochel et al, 2007).

Do ponto de vista histoldgico, a prostata € composta por duas partes distintas: uma
epitelial e outra estromal, que em conjunto formam os tubulos secretores e os acinos da
glandula. A camada epitelial ¢ constituida por trés tipos de células: basais, secretoras e
neuroenddcrinas (Fig. 3) (RUMPOLD et al., 2002). As células secretoras apresentam um
citoplasma rico em organelas responsdveis pelos processos de sintese e secrecdo de
glicoproteinas. Esse epitélio ¢ suportado por um estroma principalmente composto por

células musculares lisas e fibroblastos, imersos em uma matriz extracelular (MEC) na

qual sdo encontradas células do sistema imune, nervos e vasos sanguineos (TUXHORN
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et al., 2001). As células basais estdo posicionadas entre o epitélio secretor e a membrana
basal, desempenhando um papel crucial como células-tronco na manutengdo do
crescimento prostatico. As células neuroenddcrinas sdo encontradas na camada epitelial,
e estdo envolvidas na regulacdo das secre¢des autdcrinas e paracrinas das células

epiteliais (MARKER et al., 2003; RODRIGUEZ et al., 2003)
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Figura 3: Esquema ilustrativo da estrutura microscopica da prostata. A prostata consiste em epitélio
glandular embutido em um estroma fibromuscular (Verze et al, 2016).
1.4 Regulacio Hormonal da prostata.

Os andrdégenos desempenham um papel fundamental no crescimento e fun¢ao da
prostata (TAPLIN; HO, 2001; BANERJEE et al., 2001; CUNHA et al., 2004). A
testosterona (T) ¢ o principal andrégeno presente na circulacdo masculina, sendo que
aproximadamente 95% desse hormdnio ¢ produzido pelas células de Leydig nos testiculos
(BERMAN et al.; 2012). Além dos testiculos, a glandula adrenal também ¢ uma fonte
significativa de T nos homens, contribuindo com cerca de 5% da producdo desse
hormoénio. No entanto, ¢ importante notar que, apesar de a T ser o androgeno
predominante na circulacao, ¢ a di-hidrotestosterona (DHT) que exerce a maior influéncia
sobre a prostata. A DHT ¢ sintetizada a partir da conversdo da T pela acdo da enzima Sa-
redutase (50-r) (LUU-THE; LABRIE, 2010). Tanto a T quanto a DHT atuam como
fatores de sobrevivéncia, inibindo a apoptose e estimulando a produgdo de fatores que
promovem a atividade proliferativa no epitélio prostatico (CARSON; RITTMASTER,
2003). A agdo desses hormdnios ¢ mediada por meio de receptores hormonais especificos,
conhecidos como receptores de androgenos (ARs).

Os estrogenos também desempenham um papel significativo na regulacdo dos

hormonios sexuais masculinos, no crescimento, na diferenciagdo (PREZIOSO et al.,
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2007) e na manutengdo de células prostaticas, tanto normais quanto malignas
(HARKONEN; MAKELA, 2004). No organismo masculino, a maior parte dos
estrogenos ¢ produzida por meio da aromatizagdo da testosterona (T), gragas a acdo da
enzima aromatase. Os efeitos dos estrogenos na prostata sio mediados por dois principais
tipos de receptores nucleares, conhecidos como receptores de estrogenos alfa (ERa) e
beta (ERp).

Na prostata, o receptor de estrégeno alfa (ERa) ¢ predominantemente encontrado
no compartimento estromal, enquanto o receptor de estrogeno beta (ERP) esta
principalmente presente no epitélio, embora também seja detectado no estroma
(WEIHUA et al., 2001; CARRUBA, 2007; ROCHEL-MAIA et al., 2013b). A ativagdo
do ERa promove a progressdo do ciclo celular, a proliferacdo celular e influencia a
inflamacdo e a carcinogénese prostatica (ELLEM; RISBRIDGER, 2009; RICKE et al.,
2008). Por outro lado, as vias de sinalizacdo estimuladas pelo ER sdo pro-apoptdticas e
antiproliferativas, o que resulta em efeitos benéficos na luta contra o cancer de prostata
(RISBRIDGER; ELLEM; MCPHERSON, 2007; ELLEM; RISBRIDGER, 2009).

O equilibrio entre androgenos e estrogenos desempenha um papel crucial na
manutengdo funcional da glandula prostatica. Qualquer desequilibrio nesse sistema esta
associado ao desenvolvimento de doengas prostaticas. Aumentos nos niveis de Sa-
redutase (50-r) e de di-hidrotestosterona (DHT), assim como alteragdes na sinalizagdo
dos receptores de androgenos (AR), tém sido associados ao processo de tumorigénese
prostatica (ZHU, 2005; ZHU; SUN, 2005).

A reducdo dos androgenos durante o processo de envelhecimento ¢ uma das
condigdes mais comuns nos homens mais velhos, e os niveis de testosterona tendem a
diminuir (CANNARELLA et al., 2021). Em contrapartida, ao contrario da diminui¢do
dos niveis de testosterona, os niveis de estradiol aumentam com o envelhecimento
masculino. Como resultado, o aumento dos niveis circulantes de estrogenos e a
diminuicdo dos niveis de testosterona resultam em um aumento significativo na relagao
entre E/T (PREZIOSO et al.,, 2007, NICHOLSON; RICKE, 2011). Portanto, a
intensificagdo da estimulacdo estrogénica na prostata de homens idosos pode estar
associada a reativagdo do crescimento prostatico e, consequentemente, ao
desenvolvimento de transformagdes neoplasicas (HO, 2004; KING; NICHOLSON;
ASSINDER, 2006).
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1.5 Impactos do BPA na prostata

O interesse em compreender a biologia da prostata ¢ impulsionado pela alta
incidéncia de doengas relacionadas a essa glandula, como a hiperplasia prostatica benigna
(HPB) e 0 adenocarcinoma (MARKER et al., 2003). Doencas prostaticas ou uma prostata
em estado de satide comprometido podem afetar a funcionalidade dos espermatozoides e,
consequentemente, a fertilidade masculina (VERZE et al.; 2016). O cancer de prostata
(PCa) ¢ o tipo mais comum de cancer entre os homens e representa a segunda principal
causa de obito (PERNAR et al., 2018). Nos ultimos anos, tem havido um crescente
interesse no impacto de alguns desreguladores endocrinos, como o BPA, sobre o
desenvolvimento do PCa (DI DONATO et al., 2017).

Evidéncias crescentes apontam que a exposicdo ao BPA tem o potencial de
pertubar o equilibrio enddcrino, resultando em alteragdes nos niveis hormonais nos
homens (LASSEN et al., 2014; LIU et al., 2015, ZHUANG et al., 2015;
SCINICARIELLO; BUSER, 2016). O BPA pode interferir na sinalizacdo dos hormonios
esteroides por meio de diversos mecanismos, incluindo sua capacidade de se ligar tanto
aos receptores de estrogenos alfa (ERa) quanto aos receptores de estrogenos beta (ERp),
além de ter a capacidade de se ligar ao receptor de andrégenos (AR) (ROCHESTER,
2013). Além disso, foi demonstrado que a exposi¢ao de adultos ao BPA altera a expressao
das enzimas 5o-redutase e aromatase na prostata de ratos (CASTRO et al, 20113). Devido
a sua capacidade de interferir no equilibrio hormonal, o BPA tem sido associado como
um fator de risco no desenvolvimento de doengas prostaticas, incluindo hiperplasia
prostatica benigna e cancer de prostata.

Embora ainda ndo esteja completamente esclarecido como o BPA atua no
desenvolvimento do cancer de prostata (PCa), recentemente, Di Donato et al. (2017)
propuseram um modelo hipotético que resume as principais vias potencialmente
envolvidas na a¢do do BPA no desenvolvimento do PCa. Segundo esse modelo, o BPA
pode alterar o niveis de T e do seu derivado DHT, assim como os niveis de E; o BPA
pode estimular a expressdo génica, ou ativar diretamente os AR, ER e os receptores de
fator de crescimento, o que pode causar o aumento da proliferacdo e migragao celular; o
BPA também esta associado a alteragdes nas respostas inflamatdrias (Fig. 4). Esses
diferentes mecanismos, muitas vezes sobrepostos, sustentam a ideia de que o BPA pode

estar envolvido no desenvolvimento e na progressao do cancer de prostata.



24

célula de cancer de prostata
O\

Prolifegio

Migragao

Proliferagao

aumento na atividade da desmetilase
transcicdo génica

/ Célula Estromal

Figura 4: Modelo hipotético que representa o potencial efeito do BPA no cancer de prostata. O
BPA tem a capacidade de influenciar os niveis de Testosterona (T), di-hidrotestosterona (DHT) e estradiol
(E2). Além disso, o BPA pode estimular a expressdo génica ou ativar diretamente os receptores de
androgeno, de estrogeno (ER) e os receptores de fator de crescimento (GFR) (adaptado de Di Donato et al
2017).

1.6 O gerbilo da Mongolia

O gerbilo da Mongolia (Meriones unguiculatus), também conhecido como esquilo
da Mongolia, ¢ um pequeno roedor da familia Muridae (Fig 5 A). Esta espécie de gerbilo
¢ frequentemente utilizada como modelo de estudo da préstata devido ao fato de que ela
desenvolve neoplasias de forma espontinea, especialmente no trato genital, tanto em
fémeas (ADAMS; NORRIS, 1973; RUIZ et al., 2023) quanto em machos (CUSTODIO
et al., 2004; CAMPOS et al., 2008) A incidéncia dessas neoplasias pode variar entre 20%
e 26,8 % (CAMPOS et al., 2008). Essa caracteristica torna o gerbilo da Mongolia uma
escolha valiosa para estudos, uma vez que permite evitar o uso de agentes carcinogénicos
nos individuos, tornando as condi¢des experimentais mais proximas das encontradas na
natureza.

A prostata do gerbilo, assim como a de outros roedores, ¢ composta por quatro
pares de lobos: o lobo anterior, dorsal, dorsolateral e ventral, que se encontram dispostos
ao redor da uretra (Fig 5 B). As células secretoras dos diferentes lobos também diferem

em termos de ultraestrutura, aparéncia da secre¢do e organizacdo do estroma, como
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observado por ROCHEL et al. (2007). O lobo ventral ¢ frequentemente escolhido como
alvo de estudos da prostata devido a sua maior sensibilidade a tratamentos hormonais,

como os utilizados em estudos de castragio cirargica ou quimica (GOES et al., 2007).
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Figura 5. A: Gerbilo da Mongolia. B) Complexo prostatico do Gerbilo da Mongolia adulto, 1-
bexiga, 2- vesicula seminal, 3- lobo anterior, 4- lobo ventral, 5- lobo dorsolateral (Ruiz et al.; 2023
adaptado).

2. OBJETIVOS
Neste estudo, nosso objetivo foi avaliar os efeitos da exposicdo ao BPA durante a
gestacdo e a lactacdo, utilizando tanto baixas quanto altas doses do composto, sobre o
lobo prostatico ventral de gerbilos, bem como seu impacto na motilidade dos
espermatozoides e na incidéncia de lesoes na prostata em individuos na idade adulta e na

senescéncia.
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3. RESULTADOS
Os resultados do presente trabalho foram apresentados sobre a forma manuscrito

submetido a “Environmental Toxicology”.
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Abstract

In recent years various environmental chemicals have been shown to disrupt endocrine
regulation. Bisphenol A (BPA) is an endocrine disruptor that exhibit estrogenic active
and acts as on reproductive system. This experiment aimed to test whether Mongolian
gerbil (Meriones unguiculatus) exposure to BPA, on gestational to lactation period, could
cause impacts on sperm motility and ventral prostate lobe at adulthood and senescence.
For this, pregnant gerbils were gavage every day, from pregnancy 8th day until lactation
end, according to 4 experimental groups: control (C) gavage free; oil control (OC) gavage
vehicle; low dose (LBPA) (50 pg/kg BPA) and high dose (HBPA) (5000 pg/kg BPA).
The male offspring were allocated in isolators until 90 days (adult subgroup) or 1 year
(senile subgroup) and then euthanized. Exposure to BPA cause an increase in the body
weight at senescence, but did not alter ventral prostate lobe and prostatic complex weight.
BPA had negative effect on sperm motility and increase the incidence of premalignant
prostate lesion. At adult animals, LBPA and HPBA group showed reduction in
testosterone levels when compared to C group and in these animals occurs reduction on
androgen receptor expression. BPA also alter the expression of estrogen receptor. The
expression of aromatase did not change, but the 5a-Reductase had increase at senile
LBPA subgroup. Our data indicate that perinatally exposure to BPA is able to promote
changes on hormonal signaling in the prostate, and these hormonal changes are probably
related to impairment of sperm motility and increase the incidence of premalignant

prostate lesion.

Keywords: Bisphenol A. Gerbil. Ventral prostate lobe. Sperm motility. Prostate lesion.
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Introduction

Compounds capable of modify the actions of endogenous hormones are called
endocrine-disrupting chemicals (EDCs). The Bisphenol A (BPA) has been identified as
an EDCs and is one of the highest-volume chemicals produced in the world (1). BPA is
used in the manufacture of polycarbonate plastics, epoxy resins used to line metal cans,
and many plastics objects, BPA molecules can migrate from cans or plastic bottles into
food or water (2). The main ways of exposure to BPA are through contaminated food and
water or skin contact (3). BPA binds to the estradiol receptor alpha (ERa) and beta (ERp)
and acts as an endocrine disruptor in organisms (4). Therefore, this substance can affect
body systems regulated by hormones and can also cause metabolic disorders (5).
Evidence indicates that male and female reproductive system and fertility are targets of
BPA, causing a negative impact (6).

The prostate is the major accessory gland of male reproductive system, and its
function is essential for fertility. The prostatic epithelium secretes a fluid responsible for
stimulate molecular pathways involved in ejaculation, activate and capacitate of
spermatozoa (7). Therefore, prostatic disorders can affect male fertility by spermatozoa
not effective function (7).

Prostate development and growth are primarily controlled by steroid hormones.
Among them, androgens are essential for prostate development and homeostasis, they
promote the survival of prostate cells, preventing cell apoptosis, and stimulate the
production of proliferation factors for epithelial cells (8). The action of these hormones
occurs when they bind to the androgen receptor (AR), causing its activation. Sa-
dihydrotestosterone (DHT), synthesized from circulating testosterone (T) through the
action of the enzyme 5a-reductase, is the most powerful androgen in prostate (9).

While the prostate is primarily regulated by the action of androgens, estrogens
also play an important role in prostate development and differentiation. Estrogens exert
their influence through prostatic ERa and Erf} receptors. Among males, the 178-Estradiol
(E2) is considered the most effective estrogen (10). BPA have a high affinity to ERs, thus
can increase prostate susceptibility to dysplasia and diseases. Experimental studies have
demonstrated that exposure to BPA, especially during gestational and/or lactational
stages, can cause alterations in the signaling of steroid hormones in the prostate,
predisposing this gland to aging diseases (11-13).

Prostatic proliferative disorders and age-related disease of the male reproductive

system are correlated with alterations in hormonal signaling (7). In middle age, the decline
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in T levels begins (10). Prostate diseases are primarily sustained by androgen hormonal
signaling, so a decrease in prostatic diseases would be expected. However, the opposite
is observed, as there is an increase in the incidence of prostate cancer and lesions with
age (14). In contrast to the decline of T levels, estradiol levels increase, leading to a
significant rise in the ratio of estrogens to androgens (15). Consequently, estrogen likely
plays a crucial role in the development of prostatic diseases with aging (10). Due to its
estrogenic activity, exposure to BPA could increase susceptibility to prostate dysplasia
and age-related carcinogenesis.

The Mongolian gerbil (Meriones unguiculatus), a small rodent, has been used as
an excellent model for study carcinogenesis development in diverse organs and systems.
These animals show a predisposition, especially in steroid-responsive organs, to develop
spontaneous proliferative lesions (16). These features make the gerbil useful model to
investigate whether BPA exposure can stimulate or intensify the development of prostate
diseases.

In this study we assessed the effects of BPA exposure, both in low and high doses,
during the gestational and lactational periods, on hormonal signaling, morphology and

prostate lesion, as well as on sperm viability in adulthood and senescence.

Materials and Methods
Animal Maintenance

The Mongolian gerbils (Meriones unguiculatus) used in this study were obtained
from the Animal Breeding Center at Sdo Paulo State University, Institute of Biosciences,
Humanities and Exact Sciences (UNESP- IBILCE) in Sao Jos¢ do Rio Preto, Brazil. The
animals were housed in polypropylene cages and BPA-free isolators and water bottles
(Alesco, Monte Mor, SP, Brazil) were used to minimized exposure to environmental
endocrine disruptors. We allowed the gerbils free access to food and water. The room
temperature was maintained at 25 + 2°C under a 12h:12h light:dark cycle. The
Institutional Committee for Ethics in Animal Experimentation at the Institute approved

all animal practices (218/219 CEUA/UNESP).

BPA Exposure
Gerbil females at three months of age were housed with fertile males of the same
age. The first litter was discarded to determine the timing of the second pregnancy.

Pregnant gerbils were randomly divided into control and BPA groups and received oral
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administration (by gavage) every day from the 8th day pregnancy until the end of
lactation. They were given 0,1 mL of corn oil which contained either 50 ug/kg (BPA low
dose group - LBPA) or 5000 ng/kg (BPA high dose group - HBPA). The oil control group
(OC) received only corn oil. Gerbils in the Intact control group (IC) were not subjected
to gavage. The experimental design is illustrated in Figure 1."

The 50 pg/kg/day dose is considered a safe dosage according to EFSA (European
food safety authority) and US EPA (United States Environmental Protection Agency)
(17,18), while the 5000 pg/kg/day dose is 100 times higher than the safe daily dose. Pups

were separated from their mothers on pos natal day 21, with two gerbils housed per cage.

Sample Collection

On postnatal day 90 or 1 year after birth (adult subgroup or senile subgroup,
respectively), male gerbils were euthanized by decapitation after anesthesia with 3.0%
isoflurane vaporized with oxygen (N=5). Body weight was recorded before the euthanasia
process. Blood was collected in heparinized tubes and centrifuged at 2000 rpm for 20
minutes. Serum was stored at -80°C until hormone analysis time. The entire prostatic
complex was removed and weighed. Subsequently, the ventral prostatic lobe was isolated,
weighed, fixed in 4% paraformaldehyde for 24 hours, and embedded in paraffin. For
histological and immunolabeling analyses, 4 pum thick histological sections were
prepared. Hematoxylin and eosin (HE) staining was employed for stereology analysis,
while periodic acid-Schiff (PAS) staining was used for the analysis of mucin-secreting

lesions.

Hormone Analysis
Serum levels of testosterone (T, sensitivity 0.12 ng/mL) and estradiol-17f8 (E2,
sensitivity 10.6 pg/mL) were measured using ELISA (T: EIA1559, E2: RE52041 and

Cortisol RE52061, IBL International GmbH), following the manufacturer’s instructions.

Sperm Motility Analysis

Immediately after euthanasia sperm motility was assessed. The cauda epididymis
was perforated with a needle to obtain sperm in 1.0 mL of modified HTF at 37 °C (Human
Tubal Fluid, Irvine Scientific, CA, USA). Then, 10 puL of this sperm solution in HTF was
pipetted onto a Makler counting chamber. Sperm motility was estimated under a phase-

contrast microscope (Olympus BX60, Olympus Corporation, Japan) at 200x%
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magnification through visual count (100 spermatozoa per animal). Spermatozoa were
classified as motile with progressive movement, motile without progressive movement,

or immotile.

Histopathological Analysis

Lesions on ventral prostatic lobe were evaluated and quantified. Histological
sections stained with PAS were digitized with a BX61VS camera (Olympus Corporation,
Tokyo, Japan) coupled to an Olympus VS120® Virtual Microscopy Slide Scanning
System (VS120-S5), and analyzed with Image Pro-Plus 6.0 software (Media Cybernetics,
Inc., MD, USA). The classification of prostate lesions was carried out according to
previously established criteria (19, 20), which were applied to the Mongolian gerbil (21).
The total area of one histological section was analyzed, the quantification of prostatic
lesion was calculated by dividing the number of each type of lesion by total number of
acini analyzed in animals and expressed as a percentage. The different classifications of
prostatic lesions were performed as follows: (1) Typical tissue; (2) Prostate hyperplasia;
(3) Mucinous metaplasia; (4) Low-grade prostatic intraepithelial neoplasia (LGPIN); (5)
High-grade prostatic intraepithelial neoplasia (HGPIN). Examples of prostate lesion are

shown in figure 2.

Stereology

To quantify the relative frequency (%) of the ventral lobe prostate compartments
(epithelium, lumen, and stroma), stereological analysis of HE-stained histological
sections was carried out. Following the method detailed in Huttunen et al., 1981 (23), the
relative frequency was calculated using the M130 multipoint test system applied to the
prostate (22). Five microscopic fields per animal (25 fields per group) were digitized at
200 magnification. Then, the points coincident with each tissue compartment were

counted and expressed as a percentage of the total points.

Immunolabeling Analysis

Expressions of a-actin, AR, ER-a, ER-B, aromatase and 5 a-reductase were
determined by immunolabeling on histological sections of ventral gerbil prostate lobe.
After deparaffinization and rehydration in a gradient of xylene, alcohol, and water
antigenic retrieval was performed in citrate buffer at 98°C for 40 minutes. Then, sections

were blocked for peroxidase activity using 5% H>O: in methanol for 20 minutes.
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Nonspecific proteins were blocked using 5% skimmed milk for 30 minutes. The sections
were incubated overnight at 4 °C with their respective antibody: anti-a-smooth muscle
actin (0-SMA) (mouse monoclonal, dilution 1:100, sc-32251, Santa Cruz
Biotechnology); anti-AR (rabbit polyclonal, dilution 1:50, sc-816, Santa Cruz
Biotechnology, CA, USA); anti-ERoa (mouse monoclonal, dilution 1:50, sc-8005, Santa
Cruz Biotechnology); anti-ERf (rabbit polyclonal, dilution 1:50, PA1-310B, Invitrogen,
ThermoFisher); anti-aromatase (rabbit polyclonal, dilution 1:50, EAB64300); anti-5a-
reductase (rabbit polyclonal, dilution 1:50, sc-20659, Santa Cruz Biotechnology, CA,
USA). Then, secondary antibodies were applied for 45 minutes at 37°C. Positive staining
was detected using diaminobenzidine tetrahydrochloride (DAB) chromogen (Novolink
Max DAB, RE7270-CE, Leica Biosystems, Buffalo Grove IL, USA) and counterstained
with Mayer's hematoxylin. The assessment of positive staining was conducted using
QuPath software. The total area of one histological section was considered for
quantification. All cells were analyzed and classified as either negative or positive
staining cells, and the result was expressed as a percentage. To quantify the disruption of
the muscle layer in muscle stroma, these regions were counted, and the value was divided
by histological section area, expressed as the number of ruptures per square millimeter

(number of ruptures/mm?)."

Statistical Analysis

The results are presented in mean + standard deviation. Statistical analysis was
performed using GraphPad Prism 5.0 software (GraphPad Software, Inc., CA, USA).
Data analysis included parametric tests (ANOVA) and nonparametric tests (Kruskal—
Wallis) to assess group differences, followed by Tukey’s multiple comparison test for
parametric data and Dunn’s multiple comparison test for nonparametric data. Statistical

significance was determined when p < 0.05.

Results
BPA cause increase in body weight in senescence.

BPA exposure during gestation and lactation did not result in any significant
alterations in body weight among the adult subgroup. However, in senescent subgroup,
the HBPA group exhibited an increase in body weight in relation to C group (as shown
in Table 1). Additionally, BPA exposure did not lead to any changes in the prostatic

complex, ventral prostate lobe, or relative ventral prostate weight of the offspring.



33

BPA (Bisphenol A) induced changes in testosterone levels.

In adult animals, the OC, LBPA and HPBA groups exhibited a decrease in T levels
when compared to the C groups (Fig. 3 a). In senile animals, no significant alterations
were observed in T levels among the groups (Fig. 3 b). Regarding E2, in both adult and
senile animals, no significant changes were observed in serum levels among the groups

(Fig. 3 c and d).

BPA impairs the Sperm Motility

BPA exposure during gestation and lactation had an adverse effect on sperm
motility. In adult animals, the HBPA group exhibited a decrease in the percentage of
spermatozoa with progressive movement compared to the C and OC groups, along with
an increase in the percentage of immotile spermatozoa compared to the C, OC, and LBPA
groups (Fig. 4 a). In senile animals, the HBPA group also exhibit a reduction in the
percentage of spermatozoa with progressive movement and an increase in the percentage

of immotile spermatozoa compared to the C group (Fig. 4 b).

Moucinic-like cells were identified in the ventral prostate of gerbils.

The morphological characteristics of the ventral lobe prostate in gerbils, as
observed in this study, were consistent with those previously described in previous studies
(24, 25). The ventral lobe prostate typically exhibited a simple acinar epithelium that
varied from cubic to prismatic form. Within the prostatic stroma, fibroblast cells were
observed, surrounded by collagen, while the smooth muscle layer consisted of muscular
cells and collagen fibers concentrically arranged surrounding the acinar epithelium. The
luminal compartment contained seminal fluid. (Fig. 2 a). Nevertheless, in adult animals,
we observed features not commonly found in the male ventral gerbil prostate. Were
identified mucinic-like cells in prostate, which we associated with mucus/mucin-
producing cells, we called them as mucinous metaplasia (MM) (Fig. 2 e and f). To
confirm the presence of these MM regions, we conducted PAS staining, revealing that
these cells tested positive for PAS. MM regions were consistently observed in all
experimental groups, not only in non-lesioned prostates but also occasionally in
association with prostatic lesions.

Another noteworthy observation in the morphological analysis was the presence

of ruptured muscle layers within muscle stroma regions (Fig 5 a-d). To assess these
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regions, we performed immunolabeling for a-actin and conducted quantification.
However, there were no significant differences observed between the experimental
groups. The data for a-actin quantification are presented in Figure 5 e-h.

The stereological analyses reveled that the proportion of prostatic compartments

did not change in either adult or senile animals (Table II).

BPA caused increase in premalignant prostatic lesions at adulthood.

All experimental groups exhibited prostatic lesions. However, in adult animals,
both the LBPA and HBPA groups showed a higher percentage of premalignant prostatic
lesions (LPIN+HPIN) compared to the control (C) group (Fig 6 a). In senile animals, no

differences in prostate lesions were observed (Fig. 6 b).

BPA exposure resulted in a decrease in AR expression.

During gestation and lactation, BPA exposure led to a significant decrease in AR
expression in adult animals. The LBPA and HBPA groups exhibited approximately 60%
and 80% reductions, respectively, in AR expression compared to the control (C) group.
The OC group exhibited a reduction in AR expression in relation to C group (Fig. 7 a-d
and 9 a). In senile animals, no difference was observed among the groups (Fig. 8 a-d and

9b).

BPA also influenced the expression of ERa and ERp.

In adult animals, the LBPA group exhibited an increase in ER-a expression
compared to both the control (C) and OC groups (Fig 7 e-h and 9 c¢). However, there was
no significant difference observed in ER-f expression (Fig. 7 i-1 and 9 e). In senile
animals, ER-a expression remained unchanged (Fig. 8 e-h and fig 9 d), but the HBPA

group showed a decrease in ER-f expression compared to the control group (Fig 8 i-1 and

fig 9 ).

BPA cause alteration in 5 a-reductase.

BPA exposure during gestation and lactation did not result in any changes in the
expression of aromatase in either adult or senile animals (Fig 7 m-p and fig 9g).
Regarding 5 a-reductase, in adult animals, the HBPA group exhibited a decrease

compared to the LBPA group (Fig 7 g-t and 9 1). In senile animals, the LBPA group
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showed an increase in 5 a-reductase expression compared to the C group (Fig 8 -t and 9

3

Discussion

The data from this study indicate that exposure to BPA from gestation to lactation
impairs sperm motility, predisposes to the development of premalignant prostatic lesion
in adulthood, and alters hormonal signaling in the prostate during both adulthood and
senescence.

Exposure to high doses of BPA in gerbils from gestation to lactation resulted in
increased body weight during senescence. This observation is consistent with previous
studies that have linked BPA exposure to increased body weight (26-28). The estrogenic
actions of BPA have been suggested to cause metabolic disruptions, including alterations
in food intake, body weight, body fat distribution, glucose and insulin control, thereby
increasing the predisposition to obesity (29). Our findings also indicate that BPA can
affect testosterone levels. It is well-known that reductions in androgens levels can lead to
an increase in body weight. This suggests that the increased body weight observed in
animals exposed to BPA may be a result of changes in androgen hormone signaling.

Androgens and estrogens play pivotal roles in regulating both physiological and
pathological processes in the prostate. Previous rodent studies involving BPA exposure
during the prepubertal and pubertal periods have reported decreased T levels (30,31).
Our data align with these findings, demonstrating that gerbil exposure to BPA during
gestation and lactation perturbed testosterone levels. Despite BPA's known estrogenic
action, we did not observe any significant changes in serum estradiol levels among the
experimental groups.

Maternal exposure to BPA during early developmental stages can influence the
quality of spermatogenesis in the offspring's adult life (32). While the exact mechanism
by which BPA impairs spermatogenesis remains incompletely understood, it is known
that prostatic secretion plays a crucial role in sperm activity (7). Our findings have
demonstrated that BPA can disrupt prostatic homeostasis, which may contribute to
impairments in spermatozoa.

In a prior study involving Pten knockout mice (Pb-Cre4/Ptenf/f), several areas
with mucin-like cell presence were identified in tumor and lesion prostate tissue, a feature
absent in healthy prostate tissue (33). Consequently, the presence of mucinous metaplasia

was associated with prostate cancer (33). In our study, we observed the presence of
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mucinous metaplasia in all adult animals, both in non-lesion prostate tissue and in
association with lesions. This observation marks the first time that our research group has
encountered this type of alteration in the prostate. As such, further investigations will be
necessary to better understand the significance and implications of this cell type.

In a study by Montico et al., (2015) (34), changes in a-actin expression were
observed in relation to androgen ablation, and in aging mice, a-actin increased in the
dorsolateral prostate, suggesting a connection between aging, stromal reaction, and
prostate neoplasia. Silva et al., (2018) (35) demonstrated that a-actin expression increases
in the proliferative prostate. Despite the reduction in serum testosterone levels and the
increase in premalignant lesions observed in the BPA-exposed groups, in our study
exposure to BPA had no influence on the immunoexpression of a-actin.

Prostate tumor progression results from a multistage process that initially leads to
the formation of premalignant lesion (LPIN or/and HPIN), primarily regulated by
androgens. Both normal and cancer cells depend on the expression of androgen and
estrogen receptors for their maintenance, and both are commonly suppressed in response
to androgen deprivation (33). The animals in the LBPA and HPBA groups exhibited an
increase in the percentage of prostatic lesions, alongside a decrease in testosterone levels
and AR expression. These findings suggest that the progression of lesions in these groups
represents an androgen-independent differentiation process.

Gerbil exposure to BPA during gestation and lactation disrupted AR expression.
Previous studies have shown that BPA functions as an AR antagonist (31, 32). The
mechanism by which BPA acts as an AR antagonist remains unresolved. BPA can
interfere at multiple steps in the activation cascade of AR, including receptor binding or
activation, increasing receptor stabilization, or nuclear translocation. (37).

Bhandari et al. (2019) (38) demonstrated that exposure of developing mouse
embryos to BPA can altered expression of ER-a and ER-f in mesenchymal cells in
developing urogenital sinus of fetal male mice. In the present study, we also observed
changes in ER expression in adult and senile animals exposed to BPA. This data is
noteworthy since BPA exhibits effects similar to endogenous 17-B-estradiol (39) and is
capable of binding to estrogen receptors, thereby impairing endogenous estrogen binding
(40).

5a-Reductase and aromatase, respectively, are crucial enzymes in the biogenesis
of dihydrotestosterone and estradiol (9). In their study, Castro et al. (2013) (9) observed

lower protein levels of Sa-reductase and an increased aromatase expression in adult male
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rodent adults exposed to BPA, concomitant with decreased testosterone levels. In addition
to demonstrating a decrease in testosterone levels, our results also indicate that BPA
interferes with the activity of Sa-reductase. Exposure to BPA during pregnancy impacts
So-reductase activity, leading to alterations in testosterone synthesis in rats. (41).
Another intriguing aspect uncovered in our study was the influence of prostate
aging on the effects of BPA. We observed that only senile animals exposed to a low dose
of BPA displayed an increase in Sa-Reductase activity. This observation suggests that the
effects seen in adulthood may differ from those observed in old age. While previous
research has demonstrated that BPA can decrease aromatase activity in Leydig cells (42),

our data showed no changes in aromatase levels within the prostate.

Conclusions

Our data demonstrated that BPA increases predisposition to lesions, induces
changes in hormonal signaling in the prostate during adulthood, and impairs sperm
motility. These animals exhibited changes in androgen signaling. Therefore, there is
likely a correlation between sperm impairments and the decrease in androgen signaling

in the prostate.
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Table I: Analysis of biometrical measurements of body weight, total prostate weight, and ventral prostate weight

Experimental groups (N=5)

Adult group C oC LBPA HBPA
Body weight (g) 72.67 +4.50 71.67 £ 4.63 77.67 + 4.46 78.33 £ 5,99
Prostatic complex weight (g) 0.69 £+ 0.04 0.71 £0.10 0.78 £0.09 0.77+0.09
Prostatic complex relative weight
(x107%) 9.52 +0.62 9.88 +0.97 10.11 + 1.13 9.84 +0.66
Ventral lobe weight (g) (x107%) 14.83 + 4.54 14.00 + 3.69 16.00 + 3.58 13.00 = 3.80
Ventral lobe relative weight (x10~%) 0.21+0.07 0.20 = 0.05 0.21 £ 0.04 0.17 £ 0.05

Senile group C ocC LBPA HBPA
Body weight (g) 91.33+14.79° 106.70 + 13.492> 109.00 £2.452>  117.30 + 14.90
Prostatic complex weight (g) 1.04 +£0.11 1.10£0.06 0.99 +£0.05 1.14+0.17
Prostatic complex relative weight 9.76 £ 1.34
(x107%) 11.59 +2.22 10.39 +0.77 9.08 =027
Ventral lobe weight (g) (x107°) 30.67 + 8.31 36.67 + 19.56 32.83 +5.23 32.83 + 13.56
Ventral lobe relative weight (x107%) 0.33+0.06 0.34+0.14 0.30 £ 0.05 0.27 £0.08

Data expressed in mean + SD.
b Superscript letters indicate statistically significant differences among the experimental groups (p < 0.05).
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Table II: Stereological Parameters of the Ventral Lobe Prostate in Mongolian Gerbils.

Stereological data (%)

Experimental groups (N=5)

Adult group C ocC LBPA HBPA
Epithelium 22.13+4.01 26.82 £9.30 29.92 £ 6.77 27.58 +3.68
Stroma 31.44 +£4.50 27.49 + 4.68 26.63 +4.90 28.34 + 6.56
Lumen 46.43 + 3.84 45.69 + 8.12 4346+ 10.10  44.08+8.93

Senile group C ocC LBPA HBPA
Epithelium 16.79 + 6.67 20.59 £2.91 17.05 + 3.88 21.74 +5.89
Stroma 20.51 +4.80 24.41 £2.06 27.74 £ 8.46 20.97 +5.82
Lumen 62.71 = 7.60 55.00 £+ 3.67 5521+10.17  57.28 +4.89

Data expressed in mean + SD.

There were no statistically significant differences observed among the experimental groups (p < 0.05).
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Figure legends

Figure 1. Pregnant females were administered orally (by gavage) with 0.1 mL of
corn oil daily, starting from the 8th day of gestation and continuing through the end of
lactation. The corn oil contained the following: 50 pg/kg body weight (BPA low dose
group - LBPA) or 5000 pg/kg body weight (BPA high dose group - HBPA); Corn oil
alone (corn oil vehicle control group - OC). Additionally, there was an control group (C)
of gerbils that were not subjected to gavage. At pos natal day 90 or 1 year after born (adult

subgroup or senile subgroup, respective), male gerbils were euthanized.

Figure 2. Histological Micrographs of Lesions in the Ventral Prostate Lobe of
Gerbils. A and B) Typical tissue. The prostate exhibits a simple epithelium composed of
cubic cells. C and D) Epithelial hyperplasia with epithelial stratification. E and F)
Mucinous metaplasia (indicated by the dotted line). G and H) Low-Grade Prostatic
Intraepithelial Neoplasia (LGPIN) (indicated by the asterisk). Epithelial stratification is
evident, along with atypical nuclei. I and J) High-Grade Prostatic Intraepithelial
Neoplasia (HGPIN). Epithelial stratification with a cribriform pattern (indicated by black
arrows). PAS Stain. Scale bar =20 um.

Figure 3. Serum Concentrations of Testosterone (T) and Estradiol (E2), presented

as the mean + SD. * Indicates a significant difference (p<0.05)

Figure 4. Sperm Motility Data presented as mean + SD. * Indicates a significant

difference (p<0.05).

Figure 5. Histological Micrographs of ventral gerbil prostate showing the smooth
muscle layer in A) HE stains. B) immunofluorescence in green stain indicate the a-actin,
blue indicate the nucleus. C and D) Immunolabeling for a-actin, brown stain indicates
immunoreactive stroma cells. Gray arrows highlight discontinuities in the smooth muscle
layer. Scale bars: 20 pm. E and F) Quantification of a-actin expression in adult (E) and
senile (F) animals. G and H) Quantification of disruptions in the a-actin layer relative to

histological section area. Mean values = SD are presented

Figure 6. Quantification of Prostatic Lesions in the Ventral Lobe of Gerbils.

Values presented as mean = SD. * Indicates a significant difference (p<0.05).
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Figure 7. Immunohistochemistry for AR (a-d), ER-a (e-h), ER-B (i-1), aromatase
(m-p) and 5 a-reductase (g-t) in the ventral prostatic lobes of adult Mongolian gerbils.
Black arrows denote nuclear immunoreactivity, while gray arrows indicate cytoplasmic

immunoreactivity. Positive immunoreaction is represented by brown staining.

Figure 8. Immunohistochemistry for AR (a-d), ER-a (e-h), ER-B (i-1), aromatase
(m-p) and 5 a-reductase (g-t) in the ventral prostatic lobes of senile Mongolian gerbils.
Black arrows denote nuclear immunoreactivity, while gray arrows indicate cytoplasmic

immunoreactivity. Positive immunoreaction is represented by brown staining.

Figure 9. Quantification of immunohistochemistry for AR (a- adult, b-senile), ER-
o (c-adult, d- senile), ER-f (e-adult, f-senile), aromatase (g-adult, h-senile) and 5 a-
reductase (i-adult, j-senile) in the ventral prostatic lobes of Mongolian gerbils. Values

presented as mean + SD. * Indicates a significant difference (p<0.05).
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Photomicrographs of prostate ventral lobe
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Figure 3.
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Figure 4.
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Figure 5.
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Figure 6.
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Figure 9.
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4. CONSIDERACOES FINAIS E CONCLUSAO

A presente tese evidenciou que a exposi¢do ao BPA durante a gestagdo e lactacdo apresenta
consequéncias na vida adulta e senil. Avaliamos as consequéncias de alguns parametros
reprodutivos, como motilidade de espermatozoides e alteragdes na prostata. O BPA causou
alteracdes na sinalizagdo hormonal, tanto nos niveis séricos quanto na expressao de receptores
hormonais, como AR e ERs. Essas alteragdes provavelmente estdo envolvidas na diminui¢ao

da motilidade de espermatozoides e no aumento de lesdes prostaticas pré-malignas.
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