Universidade
Estadual de LondRrina

FERNANDA MITHIE OGO

DESENVOLVIMENTO TESTICULAR E EPIDIDIMARIO DE
RATOS EXPOSTOS AO BISFENOL A DURANTE O
PERIODO PERIPUBERAL

Londrina
2015



FERNANDA MITHIE OGO

DESENVOLVIMENTO TESTICULAR E EPIDIDIMARIO DE
RATOS EXPOSTOS AO BISFENOL A DURANTE O
PERIODO PERIPUBERAL

Dissertacao apresentada ao Programa de Pds
Graduacdo em Patologia  Experimental,
Departamento de Patologia Geral da
Universidade Estadual de Londrina para a
obtencao do titulo de Mestre.

Orientadora: Profa Dra Glaura Scantamburlo
Alves Fernandes

Londrina
2015



Catalogacao elaborada pela Divisao de Processos Técnicos da Biblioteca Central da
Universidade Estadual de Londrina

Dados Internacionais de Catalogacéo-na-Publicacdo (CIP)

035d Ogo, Fernanda Mithie.
Desenvolvimento testicular e epididimario de ratos expostos ao bisfenol A durante
o periodo peripuberal / Fernanda Mithie Ogo. — Londrina, 2015.
112 1. : il

Orientador: Glaura Scantamburlo Alves Fernandes.

Dissertacdo (Mestrado em Patologia Experimental) — Universidade Estadual de
Londrina, Centro de Ciéncias Bioldgicas, Programa de P6s-Graduagdo em Patologia
Experimental, 2015.

Inclui bibliografia.

1. Estrégenos — Teses. 2. Testiculos — Teses. 3. Epididimo — Teses. 4. Aparelho
genital masculino — Teses. 5. Rato como animal de laboratdrio — Teses. I. Fernandes,

Glaura Scantamburlo Alves. Il. Universidade Estadual de Londrina. Centro de
Ciéncias Bioldgicas. Programa de P6s-Graduagdo em Patologia Experimental.
111. Titulo.

CDU 616-092




FERNANDA MITHIE OGO

DESENVOLVIMENTO TESTICULAR E EPIDIDIMARIO DE RATOS
EXPOSTOS AO BISFENOL A DURANTE O PERIODO PERIPUBERAL

Dissertacao apresentada ao Programa de Pds
Graduagdo em  Patologia  Experimental,
Departamento de Patologia Geral da
Universidade Estadual de Londrina para a
obtencéao do titulo de Mestre.

BANCA EXAMINADORA

Orientadora: Profa Dra Glaura Scantamburlo
Alves Fernandes
Universidade Estadual de Londrina — UEL

Prof. Dr. Wellerson Rodrigo Scarano
Universidade Estadual Paulista — UNESP

Profa. Dra. Flavia Alessandra Guarnier
Universidade Estadual de Londrina — UEL

Londrina, 30 de margo de 2015.



DEDICO,

Aos meus pais, Nelson e Marcia, que
apesar da imensa distancia fisica,
sempe estiveram presentes, apoiando-
me e solidificando-me durante esta

jornada...

Meu eterno amor e gratidao.



AGRADECIMENTOS

A Deus, pela forca dada para chegar até o presente momento.

Ao meu namorado André pelo amor, parcerias, colaboracdo no

experimento e principalmente pela paciéncia que teve em momentos dificeis.

A minha irm& e amiga Marcela, ao meu cunhado Alexandre e a
minha tia llma pelo apoio, conselhos, e por compartilharem comigo momentos de
tristezas e também de alegrias. Aos meus sobrinhos Gabriel e Beatriz que mesmo
nao entendendo muita coisa me proporcionam muitas alegrias. E também a minha

sogra Regina pelo apoio, e por me ajudar em muitos momentos em que precisei.

Aos meus avos Emiko, Takashi, Aurea e Antdnio, que mesmo
timidamente sempre estiveram presentes ajudando e torcendo para a concretizacao

de mais uma etapa.

Agradeco a minha orientadora Profa. Dra. Glaura Scantamburlo
Alves Fernandes por ter me concedido a oportunidade de ser sua orientada, pelos
ensinametos cientificos, apoio, confianca, e por mostrar a importancia de se abrir 0s

horizontes no estudo, aqui ficam meus eternos agradecimentos.

Agradeco a Universidade Estadual de Londrina por me
proporcionarem 0 espaco, a experiéncia e as condcdes necessarias para a

realizacdo deste trabalho.

Agradeco também as parcerias com o Prof.Dr. Wellerson Rodrigo
Scarano - UNESP, Prof. Dra. Janete Aparecida Anselmo-Franci- USP, Prof. Dra.
Flavia Alessandra Guarnier — UEL, que muito colaboraram para a realizacdo deste

trabalho.

A CAPES pelo suporte financeiro na forma de bolsa.



As minhas amigas Paola Cavalin, Soraia El Kadri, Fernanda
Fugiwara, pela maravilhosa amizade, momentos de alegria e apoio eterno. As
minhas amigas(os) do laboratério de Toxicologia e disturbios metabdlicos da
reproducdo Glaucia, Aline, Henrique e Géssica pela amizade e paciéncia que
tiveram para me ensinar tudo que sei no laboratério, e também pelas excelentes
conversas que nos distrairam em momentos dificeis. E a todas as outras pessoas
gue de certa forma contribuiram para a realizacao deste trabalho, seja pela amizade

ou pelos conhecimentos proporcionados.



“Renda-se como eu me rendi. Mergulhe no
gue vocé nao conhece como eu mergulhei.
N&o se preocupe em entender, viver
ultrapassa qualquer entendimento.”

Clarice Lispector






OGO, Fernanda Mithie. Desenvolvimento testicular e epididimario de ratos expostos
ao bisfenol A durante o periodo peripuberal. 2015. 111 f. Dissertagcdo (Mestrado em
Patologia Experimental) — Universidade Estadual de Londrina, Londrina, 2015.

RESUMO

O Bisfenol A (BPA) é um estrogeno ndo esteroidal sintético muito utilizado em industrias
para producdo de produtos plasticos, podendo ser liberado por descargas residuais
dessas industrias e desta forma contaminando o ambiente. A exposicdo ao BPA pode
causar alteragdes no sistema enddcrino humano e animal em diferentes fases da vida. A
peripuberdade é uma fase onde ocorrem importantes modificagcbes entre elas a
maturagao do eixo hipotalamico-hipofisario-testicular e o término do desenvolvimento de
orgaos reprodutores como os testiculos e epididimos. Portanto, o presente estudo teve
como objetivo avaliar o efeito do bisfenol A sobre o desenvolvimento do tesiculo e
epididimo durante o periodo peribuberal. Para isso ratos machos com 36 DPN foram
pesados e distribuidos em trés grupos experimentais: dois grupos foram tratados com
BPA (20pg/Kg ou 200 pg/Kg) diluido em 6leo de milho e DMSO 1%, e o terceiro grupo, o
controle, recebeu apenas os veiculos. Todos os animais foram tratados durante 30 dias
consecutivos via gavage. Ragcdo e agua foram fornecidos ad libitum. No 31° dia
experimental os ratos (67DPN) foram anestesiados com associacdo de xilazina e
guetamina, pesados e anestesiados e mortos por pungéo cardiaca. O sangue coletado foi
utilizado para determinagao dos niveis hormonais plasmaticos de testosterona e LH. Os
testiculos foram retirados, pesados e utilizados para contagem espermatica,
determinacdo de biomarcadores de estresse oxidativo, parametros histopatolégicos e
morfométricos, bem como imunohistoquimica para ki-67. Espermatozoides do ducto
deferente foram utilizados para avaliagdo da morfologia espermatica. Os epididimos
foram retirados, pesados, subdivididos em suas por¢cdes cabeca-corpo e cauda e
utilizados para avaliagéo do perfil inflamatério (atividade de mieloperoxidase - MPO e de
N-acetilglicosamidase — NAG), quantificagdo do anion superdxido e niveis de
malondialdeideo (MDA), contagem espermatica, parametros histopatolégicos e
estereoldgicos, e imunohistoquimica para IL-6. Nos testiculos a contagem espermatica,
estresse oxidativo e parametros hormonais ndo mostraram diferengas estatisticas entre
0s grupos experimentais. Em relagdo a histopatologia testicular os grupos tratados com
BPA aumentaram significativamente o numero de tubulos seminiferos anormais. A
analise da morfologia espermatica revelou um aumento estatisticamente significativo no
numero de espermatozoides anormais em relacao ao grupo controle, incluindo alteragdes
como cabega sem curvatura caracteristica e cauda isolada, além disso mostrou uma
aumento na altura do epitélio seminifero e maior marcagao imunohistoquimica para ki-67
quando expostos a maior dose de BPA. Em relagdo ao epididimo, a exposigdo ao BPA
nao alterou a contagem espermatica e transito espermatico, niveis de anion superéxido e
MDA em ambas as porgdes avaliadas. Porém, BPA provocou alteragdes na estereologia,
com um aumento no epitélio e no lumen na regido da cabega uma diminuigdo no lumen
na cauda e infiltrado inflamatério na dose de 200 ug/Kg de BPA. Além disso, a atividade
de MPO, nas regides cabecga-corpo e cauda dos epididimos revelou aumento significativo
com a dose de 200 pg/Kg, enquanto o NAG n&do mostrou diferenga significativa entre os
grupos experimentais. De acordo com os resultados obtidos conclui-se que o BPA, em
ambas s doses, afeta a desenvolvimento testicular e epididimario de ratos peripuberais..

Palavras-chave: Bisphenol A. Testiculo. Epidididmo. Peribuberdade. Rato macho.



OGO, Fernanda Mithie. Epididymal and testicular development in rats exposed to
bisphenol A during the period peribuberal. 2015. p. 111. Master's thesis (Master in
Experimental Pathology) — Universidade Estadual Londrina, Londrina, 2015.

ABSTRACT

Bisphenol A (BPA) is a synthetic nonsteroidal estrogen widely used in industries for the
production of plastic products, can be released by waste discharges of these industries
and thus contaminating the environment. Exposure to BPA can cause changes in the
human endocrine system and animals at different stages of life. The peripuberdade is
a stage where there are major changes including the maturation of the hypothalamic-
pituitary-testicular axis and the end of the development of reproductive organs such as
the testis and epididymis. Therefore, this study aimed to evaluate the effect of
bisphenol A on the development of tesiculo and epididymis during peribuberal period.
For this PND 36 male rats were weighed and divided into three groups: two groups
treated with BPA (20ug/kg or 200pg/kg) diluted in corn oil and 1% DMSO, and the third
group, control, received only the vehicle. All animals were treated during 30
consecutive days via oral gavage. Feed and water were provided ad libitum. After 31
day experimental rats (67DPN) were anesthetized with ketamine and xylazine
association, weighed and anesthetized and killed by cardiac puncture. The collected
blood was used for determination of plasma hormone levels of testosterone and LH.
The testes were removed, weighed and used for sperm count, determination of
biomarkers of oxidative stress, histopathological and morphometric parameters and
immunohistochemistry for Ki-67. Vas deferens sperm were used for evaluation of
sperm morphology. The epididymis were removed, weighed, divided into portions
thereof caput-corpus and cauda and used to assess the inflammatory status
(myeloperoxidase activity - MPO and N-acetilglicosamidase - NAG), quantification of
superoxide anion and levels of malondialdeideo (MDA), sperm count, histological and
stereological parameters, and immunohistochemistry for IL-6. Testicular sperm count,
oxidative stress and hormonal parameters showed no statistical differences between
the experimental groups. In relation to histopathology testicular BPA treated groups
significantly increased the number of abnormal seminiferous tubules. The analysis of
sperm morphology showed a statistically significant increase in the number of
abnormal sperm in the control group, including changes as head without bending
characteristic and isolated tail also showed an increase in height of the seminiferous
epithelium and stronger staining for Ki-67 when exposed to higher dose of BPA. In
relation to the epididymis, BPA exposure did not alter the sperm count and sperm
transit, anion superoxide and MDA levels in both evaluated portions. However, BPA
caused changes in stereology, with an increase in the epithelium and in the lumen in
the caput/corpus a decrease in lumen tail and inflammatory infiltrate in the dose of
200ug/kg of BPA. Additionally, the MPO activity in the regions caput/corpus and cauda
of epididymis revealed a significant increase with a dose of 200ug/kg, while the NAG
was no significant difference between experimental groups. According to the obtained
results it is concluded that BPA, at both doses, affects the epididymal and testicular
development in mice peripubertal.

Keywords: Bisphenol A. Testis. Epididymis. Peribuberdade. Male rat.
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1.0 INTRODUCAO

1.1 Sistema Genital Masculino

O sistema reprodutor masculino de mamiferos é composto por testiculos,
epididimos, ductos deferentes, glandulas sexuais acessorias como prostata e vesicula seminal,
e 6rgdo copulador. Estes 6rgdos sdoandrdgeno-dependentes, ou seja, dependem da acdo dos
hormdnios testosterona e diidrotestosterona (DHT) tanto para seu desenvolvimento como para
manutencdo de sua morfologia e funcdo na vida adulta. A literatura mostra que nos
epididimos, prostata, vesicula seminal e muitos outros tecidos que respondem aos androgenos
como, a pele, a testosterona é convertida em DHT pela enzima So-redutase (ROBAIRE;
HERNDERSON, 2006). Segundo Blanchard e Robaire (1997) a DHT tem maior afinidade
com receptores de androgenos que a testosterona. Os testiculos situados fora da cavidade
abdominal, na bolsa escrotal, onde s&o mantidos a uma temperatura entre 35°C e 36°C, ou
seja, a 1°C a 2°C abaixo da temperatura corporea. 1sso € ocorre pela disposicdo em contra
corrente das artérias e das veias testiculares, facilitando a troca de calor, propiciando a
manutencdo da funcdo testicular como espermatogénese e esteroidogénese (COSTANZO,
2005).

No adulto, as gonadas masculinas estdo envolvidas por uma cépsula de
tecido conjuntivo denso, a tunica albuginea (RODRIGUES; FAVARETTO, 1999). A tunica
albuginea é espessa na regido anterior do 6rgao, formando o mediastino do qual partem
densos septos fibrosos em sentido radial dividindo o parénquima testicular em I6bulos
piramidais e l6bulos dos testiculos que sdo ocupados pelos tubulos seminiferos
(JUNQUEIRA; CARNEIRO, 2004) (Figura 1).
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Figural. Testiculo, epididimo e ducto deferente (LAGARRIGUE et al., 2011, adaptado pelo
autor).

Os testiculos sdo constituidos por tecido intersticial e tubulos seminiferos
que possuem suas principais funcdes: espermatogénese e esteroidogenese, respectivamente
(RODRIGUES; FAVARETTO, 1999). As células de Leydig sdo responsaveis pela producao
de cerca de 95% da testosterona do organismo, além de serem fonte para uma variedade de
outros esteroides (JUNQUEIRA; CARNEIRO, 2004; RUSSEL et al., 1990). O restante da
testosterona é formada pela reducdo do grupamento C-17-ceto da androstenediona, produzida
pela zona reticular da glandula adrenal (GUYTON, 2002). A testosterona tem efeitos
paracrinos nos testiculos, reforcando a acdo espermatogénica do FSH (Horménio foliculo
estimulante) (COSTANZO, 2005).

Os tubulos seminiferos apresentam um epitélio germinativo formado por
células de Sertoli e células germinativas (espermatogdnias, espermatocitos e espermatides)
apoiado no tecido peritubular de revestimento (CLERMONT, 1972). As células de Sertoli
presentes no epitélio germinativo dos tabulos seminiferos interagem morfologicamente e
guimicamente com as células germinativas em todas as fases do desenvolvimento.
Desempenhando varias func@es importantes: sustentacdo para células germinativas, secrecao
(inibina, activina e a proteina de ligagdo aos androgenos - ABP), fagocitose de restos celulares
e do excesso de citoplasma das espermétides durante a espermiogénese, nutricdo das células

germinativas, barreiras imunoldgicas, secrecdo de solucdo aquosa rica em proteinas, ions e



fatores de crescimento que atuam de forma parécrina nas células germinativas (SKINNER,
2005b), e a compartimentagdo dos tabulos seminiferos através da barreira hematotesticular
(jungdes oclusivas) que cria um microambiente especifico para o desenvolvimento das células
germinativas protegendo os tipos celulares em estdgios mais avancados de diferenciacdo
(COSTANZO, 2005).

As células espermatogénicas sofrem o processo constante de proliferacéo,
composto por células em varias fases de um complexo processo de diferenciacdo, a
espermatogénese (ROSS et al.,, 1993). Em humanos a espermatogénese em média tem
duracdo de 70 dias, passando por 6 estagios em cada ciclo. Por outro lado no rato o processo
de transformacdo gradual de células germinativas em espermatozoides tem uma duragdo de
52-53 dias, porém possui 14 estagios em cada ciclo (CLERMONT, 1972) sendo dividida em
trés fases: a fase proliferativa, a fase meiotica e a espermiogénese (Figura 2) (CLERMONT,
1972; RUSSEL et al., 1990).
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Figura 2. Estruturacdo do testiculo e espermatogénese. O epitélio seminifero é composto por
células de Sertoli e células germinativas em desenvolvimento em seus diferentes estagios.
Células de leydig e vasos sanguineos sdo localizados no intersticio. A espermatogénese € a
diviséo celular e transformacdo que produz células germinativas haploides a partir de células
diploides. Continuamente a producdo de espermatozoides é dependente de vérios fatores
intrinsecos (células de Sertoli e células germinativas) e fatores extrinsecos (hormonios). As



celulas de Sertoli se aderem a membrana basal, onde as espermatogdnias também estéo
aderentes. Espermatogonias do tipo A sofrem a divisdo e se desenvolvem em espermatogodnias
tipo B, que entram profase meidtica e se diferenciam em espermatdcitos primarios que sofrem
a meiose | para separar os pares de cromossomos homdlogos e formar os espermatécitos
secundarios hapldides. A meiose Il produz quatro espermatides que migram em direcdo a luz,
onde os espermatozoides sdo totalmente formados e finalmente lancados. Abreviatura: BTB, a
barreira hemato-testicular (RATO et al., 2012, adaptado pelo autor)

No rato, na fase mitGtica da espermatogénese, as células-tronco
espermatogoniais (espermatogoniasdo tipo A isolada — As) sofrem proliferacdo para aumentar
a populacdo de espermatozdides, dando origem a diferentes classes de espermatogonias [tipo
A proliferativa (A pareada — Apr € A alinhada — Aal), tipo A diferenciada (A1, A2, Az, As), tipo
intermediario e tipo B]. As espermatogoniasdiferenciada formam os espermatocitos primarios
(RUSSEL et al., 1990).

O processo de espermatogénese € regulado por horménios do eixo
hipotalamico-hipofisario-testicular. Hormonios liberados pela adenohipofise, o FSH e o LH
(Horménio luteinizante), tém a sua producdo induzida através da liberagdo de GnRH
(Horménio liberador de gonadotrofina) pelo hipotadlamo. O FSH age sobre as celulas de
Leydig estimulando a formacao de receptores de LH, além disso estimula a espermatogénese
atuando sobre as espermatogonias produzindo uma onda ao longo do tdbulo seminifero de
estagios sucessivos da espermatogénese. O LH induz a producéo de testosterona pelas células
de Leydig. Este importante hormdnio juntamente com o FSH induz a producédo de proteinas
especificas das células de Sertoli, que regulam a diferenciacdo de espermatdcitos e
espermatides. Sendo assim, qualquer fator que atue sobre esse eixo podem refletir em
alteracdes no sistema reprodutor masculino, podendo ainda levar a infertilidade do individuo
(SOKOL, 1997).

Hormdnios esterdides exercem papéis essenciais em muitos processos
biologicos, incluindo a capacidade reprodutiva. O estradiol e a testosterona regulam o
crescimento, além de participar na manutencdo e fungdes dos tecidos reprodutores. A
biossintese dos andrdgenos testiculares é mediada pelas enzimas esteroidogénicas do
citocromo P450 que incluem CYP11A1 mitocondrial, CYP19A1, CYP17Al mitocondrial e
enzimas oxiredutoras incluindo 3f-hidroxiesterdidedesidrogenase e 17B-hidroxi esteroide
desidrogenase (HSD3B e HSD17B respectivamente); estas estdo localizadas nas mitocondrias
e no reticulo endoplasmatico liso nas células de Leydig (PAYNE; HALES, 2004).
(SONDERFAN, 1989; OTTO; BHATTACHARYYA; JEFCOATE, 1992; RYAN et al.,
1993; JIANG et al., 1998).



O epididimo € composto por um ducto Unico e enovelado, o ducto
epididimério, que liga os ductulos eferentes ao ducto deferente (COSENTINO; COKETT,
1986). Sua morfologia consiste em cabeca no qual possui uma regido inicial, o segmento
inicial, o corpo e a cauda (CONSENTINO; COKETT, 1986). Cada porcéo do epididimo séo
designadas de acordo com a altura do epitélio e a distribuicdo e quantidade dos tipos celulares
(REID; CLEAND, 1957). O epitélio é do tipo pseudoestratificado cilindrico com estereocilios
¢ composto por seis tipos celulares: basais, principais, estreitas, halo, claras e apicais
(HERMO; ROBAIRE, 2002). Além disso, hd uma camada de musculo liso que envolve esse
epitélio epididimario, apresentando-se mais fina na regido da cabeca e do corpo, e mais
espessa na cauda. Essas fibras recebem inervacdo de fibras adrenérgicas do sistema nervoso
simpatico e sofrem contracdo (SETCHELL, 2002), que € importante para definir o transito
espermatico e a expulsdo dos espermatozoides da regido da cauda para o ducto deferente.
Além de participar do transito espermatico o epididimo também faz a protecdo, a maturacdo e
a estocagem dos gametas (HERMO; ROBAIRE, 2002).

Os espermatozoides provenientes dos testiculos possuem morfologia
especializada, porém ainda ndo possuem a atividade movel e ndo sdo capazes de fecundar o
ovocito 11 (HERMO; ROBAIRE, 2002). Essas caracteristicas sdo adquiridas somente nas
diferentes regides do ducto epididimario durante a maturacdo, na qual ocorre intensa
remodelacdo na membrana dos espermatozoides, onde as proteinas de origem testicular séo
removidas ou modificadas quanto a localizacdo e expressao, e proteinas epididimarias sdo
secretadas e absorvidas pela membrana espermatica ou podem apenas interagir com o gameta,
dando-lhe a capacidade funcional (KLINEFELTER et al., 1997; BARRIOS; FERNANDEZ-
JUAN; MURINO-BLANC., 2005). Todas as atividades do epididimo sdo dependentes da
acdo de androgenos (EZER; ROBAIRE, 2002). Porém este também pode sofrer acdo de
interferentes endocrinos que mimetizam o estrégeno, com a acéo da resposta biolégica normal
semelhante a acdo natural do estrégeno, uma vez que no desenvolvimento pds-natal dos
epididimos, os receptores de estrogeno ERa e ERP exercem um importante papel (ZAY A et
al., 2012).

O ducto deferente apresenta um limen estreito e uma espessa camada de
musculo liso que sofre fortes contracbes peristalticas, participando assim da expulsdo do
sémen durante a ejaculacdo. Desta forma esta relacionado com o transporte e término do
processo de maturacdo dos espermatozoides (JUNQUEIRA; CARNEIRO, 2004). Este ducto

liga 0 epididimo a uretra prostatica. A regido que antecede a préstata, se dilata formando uma



regido chamada de ampola. Assim, o ducto que penetra na prostata € chamado de ducto
ejaculatorio (HASCHEK; ROUSSEAUX, 1998).

1.2 Desenvolvimento p6s natal do sistema genital masculino

O desenvolvimento normal do sistema reprodutor masculino pode ser
dividido em cinco fases: pré-natal, neonatal, infantil, puberdade e adulto (SHARPE, 2010).
Todas as fases sdo reguladas por mecanismos relacionados com estados hormonais e
genéticos do organismo (DAMGAARD et al., 2002).

A reproducdo masculina envolve processos complexos e delicados, que séo
dependentes do desenvolvimento normal durante o periodo fetal, durante o crescimento e na
puberdade. Interferéncia na funcdo de hormdnios sexuais durante estas fases podem ter
repercussoes ao longo da vida adulta (JENSEN et al., 2000). Biologicamente, a puberdade é
definida como o tempo em que a primeira espermatogénese completa todo o ciclo, e a entrada
dos espermatozoides no epididimo, que ocorre em torno de 50 dias p6s-natal em ratos Wistars
(KLINEFELTER et al., 1997).

Embora alguns autores relatam que a fase peripuberal pode ser considerada
um periodo “calmamente ativo” do testiculo, até a puberdade ativa, isto ndo ¢ completamente
verdade, pois nesta fase ocorre importantes eventos tais como, uma leve reducdo na
proliferacdo e desenvolvimento das células germinativas, e um aumento nos niveis de
testosterona e proliferacdo de células de Sertoli (SHARPE, 2010).

A exposicdo a um ou mais desreguladores endocrinos para o sistema
reprodutor masculino pode se dar em diferentes fases do desenvolvimento humano ou animal.
Pode ocorrer tanto na fase pré-natal como poés-natal, incluindo a vida adulta. Na fase pos-
natal, a puberdade representa um evento dindmico e complexo do desenvolvimento sexual,
que envolve mudancas fisicas, comportamentais e hormonais, através das quais a maturacdo
sexual ocorre e a capacidade reprodutiva € obtida (GOLUB et al., 2008). Estas mudancas sdo
estabelecidas devido a ocorréncia de uma serie de eventos que resulta na maturacao do eixo
hipotalamico hipofisario-gonadal e consequentemente ao inicio do ciclo reprodutivo da
espécie (OJEDA; URBANSKI, 1994). Durante a puberdade ocorrem mudancas no perfil
hormonal, especificamente na sintese e secrecdo de esteroides em resposta ao aumento da
pulsatilidade do GnRH e ao aumento da sintese e secrecdo de LH e FSH (OJEDA;
URBANSKI, 1994).



Ainda ndo sdo totalmente compreendidos 0s mecanismos que regem o inicio
da puberdade no rato macho, porém ja existem relagdes entre os elementos do eixo
hipotalamico-hipofisario-gonadal que iniciam a sua interacdo nas primeiras semanas de vida
pos-natal (ROBB et al., 1978). O desenvolvimento pds-natal tem sido classificado em quatro
fases: neonatal (dia po6s-natal — DPN 1 — 7), Infantil (DPN 8-21), juvenil (DPN 22-35),
peripuberal (DPN 36 — 55 ou 65) e adulto, onde atinge sua maturidade sexual (OJEDA et al.,
1980). As primeiras espermatides maduras sdo encontradas os 40 dias pos-natal no testiculo,
enquanto nos epididimos os espermatozoides sdo observados apenas aos 50 dias. Com base
nestes relatos, o rato macho pode atingir a puberdade por volta de 50 dias de idade (ROBB et
al., 1978). O peso testicular tem um réapido crescimento durante o periodo peripuberal pelo
aumento nos numeros de receptores FSH nas células de Sertoli, sendo estes aumentos nos 10-
20 DPN até 35-60 DPN (MAEDA; OHKURA; TSUKAMURA, 2000).

A diferenciacdo das funcOes de regides especificas do epididimo séo feitas
durante o periodo de desenvolvimento pds-natal do 6rgdo, desde o dia pos natal (DPN) 15 ao
44 sob influéncia de androgenos. Os compartimentos epididiméarios fornecem um ambiente
Unico para o processo sequencial de maturacdo espermatica (TURNER et al., 2003). Durante
0 desenvolvimento pds-natal esses segmentos sdo estabelecidos, incluindo um periodo de nédo
diferenciacdo, uma fase de diferenciacdo e um periodo de expansdo (SUN; FLICKINGER,
1979). Sendo a fase de diferenciacdo considerada um importante periodo, pois nela o
epididimo sofre importantes modificacbes em sua morfologia, funcdo e expressdo das
proteinas, resultando na segmentacdo do ducto epididimario (RODRIGUEZ; KIRBY:;
HINTON, 2002). E neste periodo que os androgenos endégenos exercem seus efeitos através
da ligacdo ao receptor de andrdgenos (AR), e esta ligacdo ativa o fator de transcri¢do
resultando no controle da transcricdio do gene androgeno-responsivo em células alvo
(PATRAO; SILVA; AVELLAR, 2009). A producdo de espermatozoides por grama de
testiculo aumenta até 75 DPN, e as reservas de espermatozoides na cauda do epididimo ocorre
em torno de 100 DPN (KLINEFELTER et al., 1997).

Dados na literatura mostram que a deficiéncia de andr6genos provoca a
reducdo do nimero de AR e da atividade da 5a-redutase, induzindo uma onda de morte
celular por apoptose no epididimo (ROBAIRE et al., 1977). Ratos machos quando submetidos
a um antiandrogenico no periodo peripuberal, mostraram uma diminuicdo da qualidade
espermatica e do potencial de fertilidade, sugerindo uma deficiéncia persistente na funcédo

epididimaria e competéncia reprodutiva na idade adulta (PEROBELLI et al., 2011).



Durante a peripuberdade a espermatogénese e a esteroidogénse ainda néo
estdo totalmente estabelecidas. Desta forma, alguns autores mostram que a
peripuberdade/puberdade pode ser uma fase critica do desenvolvimento reprodutivo e
consequentemente mais suscetivel a acdo de agentes toxicos (JOHNSON et. al., 1997;
ROGAN; RAGAN, 2007; FREDERIKSEN, et al., 2012; MANTOVANI; FUCIC, 2013).

1.3 Contaminagdo ambiental

Durante décadas o ar, o solo e as aguas recebem toneladas de perigosos
residuos industriais como o0s hidrocarbonetos aromaticos policiclicos, hidrocarbonetos
halogenados e metais pesados. Nas Ultimas décadas, alguns compostos sintéticos vém sendo
utilizados em larga escala para aplicagdes industriais, comerciais e domésticas, sendo uma
parte destes compostos liberados em meio aquatico (SCHIAVINI et al., 2011).

A répida urbanizacdo e a expansdo das grandes cidades vém auxiliando na
deteriorizacdo das condicbes de agua doce. O fluxo dos rios é considerado um recurso
renovavel que fornece beneficios para os seres humanos, o que inclui &gua potavel, processos
industriais, irrigacdo, navegacao, recreacdo, e energia elétrica (JACKSON et al., 2001). Esta
condicao reduz a qualidade de agua e a biodiversidade aquatica (BURGMER et al., 2007).

Muitas destas substancias acumulam-se no solo e no sedimento de rios, e
sdo facilmente transportadas a longas distancias pela atmosfera (MEYER et al., 1999).
Segundo Cajaraville et al. (2000) os niveis de compostos xenobidticos nos ecossistemas
aquaticos vém crescendo de forma alarmante como resultado da atividade urbana do ser
humano, contribuindo cada vez mais para a reducédo da qualidade ambiental e comprometendo
a saude dos seres vivos habitantes deste ecossistema. Neste contexto, tém sido demonstrado
que varias substancias quimicas presentem na poluicdo ambiental podem causar danos a salde
de homens e animais e podem também interferir na sintese, secrecdao, metabolismo ou acdes
hormonais, sendo por isso conhecido como desreguladores enddcrinos (PAUGARTTEN,
2003).

Essa substancia tém o potencial para promover alteracdes no sistema
enddcrino humano (WAISSMANN, 2002) e desta forma podem desregular a reproducdo e
desenvolvimento dos animais resultando no desenvolvimento sexual anormal e reducdo de
fertilidade masculina (FERREIRA, 2008). Dentre essas substancias, o Bisfenol A (BPA) é
utilizado na producéo de plasticos e contamina o ambiente como resultado do processo de

lixiviagdo dos produtos manufaturados. Esta presente no ar, &gua, solo e sedimento



(BESERRA et al., 2012). Este composto apresenta uma solubilidade em agua moderadamente
elevada e o valor do seu coeficiente de particdo octanol-4gua permite assumir que esta
substancia estd preponderadamente absorvida na matéria organica. Desta forma, seu
transporte no ambiente aquatico constitui a maior rota de distribuicdo para 0s outros
compartimentos ambientais uma vez que a principal fonte de BPA no meio aquatico provém
de descargas de efluentes das fabricas (LEE et al., 2013a). Contudo, o BPA pode vir a ser
degradado biologicamente com velocidades bastante diferenciadas, quando presentes no solo
0 tempo de meia-vida varia entre 1 a 180 dias, sendo que em meio aquatico seu tempo de
meia-vida varia entre 2,5 a 4 dias. (BIRKETT, LESTER, 2003).

Em julho de 2012 a FDA (Food and Drug Administration), alterou os
regulamentos para ndo prever a utilizagdo de resinas de policarbonato a base de BPA em
mamadeiras e copinhos, e em 2013 alterou os regulamentos para prevenir a utilizagdo de
resinas epoxi a base de BPA como revestimentos em embalagens de formula infantil. Em
2008, no Brasil, a Agéncia Nacional de vigilancia sanitaria (ANVISA), pela Resolu¢do RDC
n°17 determina o valor de limite de migracdo maximo de BPA permitido em embalagens e
bebidas de 0,6mg/kg e em janeiro de 2012 foi proibida a importagdo e fabricacdo de
mamadeiras que contenham o BPA por meio da resolu¢cdo RDC n. 41/2011, considerando a
maior exposicdo e susceptibilidade dos individuos usuarios deste produto. Contudo, esta

proibicdo ndo € mundial e muitos paises ainda utilizam o BPA em larga escala.

1.4 Desreguladores Endocrinos

A definicdo para o termo desreguladores enddcrinos ainda ndo é consensual.
Desregulador enddcrino € um agente exdgeno que interfere na sintese, reserva, liberagéo,
transporte, metabolismo, ligacdo, acdo ou eliminacdo de horménios naturais do organismo
responsaveis pela regulacdo da homeostase e dos processos de desenvolvimento
(KAVOLOCK et al., 1996), ou seja, tem a capacidade de interferir no funcionamento natural
do sistema endocrino de homens e animais, podendo ser de origem antropica ou natural
(GHISELLI; JARDIM, 2007).

Outros autores consideram os desreguladores endocrinos como substancias
gue interagem com sitios de receptores de horménios, porém outros autores considerem como
qualquer substancia que cause um desequilibrio, interferéncia ou alteracdo no sistema
enddcrino. Atuando ou ndo no sitio receptor (BILA; DEZOTTI, 2007).
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Considerando a diversidade de habitos e culturas ao redor do mundo, tem
sido observado um aumento na infertilidade masculina constituindo um fenémeno mundial
(PASQUALOTTO et al., 2003). Desta forma autores reportam que a maioria dos efeitos
exercidos na funcdo reprodutiva ocorre apds a perturbacdo de processos mediados por
andrdgenos ou estrdgenos. Alguns estudos mostram que nas Ultimas décadas o aumento da
exposicao a estas substancias, tem sido proposta como o0 mecanismo para reducdo da funcéao
reprodutiva masculina e contagens de espermatozoides em humanos (ANDERSSON et al.,
2008, SAFE, 2012).

As alteracbes causadas por desreguladores enddcrinos podem ser
temporarias ou permanentes, e podem causar anomalias reprodutivas como: disfuncdo
gonadal morfolégica e funcional (WAISSMANN, 2002), reducdo na concentracdo e
qualidade dos espermatozoides (PFLIEGER-BRUSS et al., 2004) e alta incidéncia de
criptorquidia e hipospadia (MELNICK, 1999).

A exposicdo a esses desreguladores enddcrinos podem modificar o
metabolismo hormonal, alterando a sintese ou a desagregacdo da testosterona, FSH, LH ou
outros horménios (SAIYED et al., 2003).

1.5 Bisfenol A

Em 1930, os cientistas descobriram o Bisfenol A (BPA, 4,4’-di-hidroxi-2,2-
difenilpropano) como um estrogénio artificial, e foi utilizado para estimular o crescimento
rapido de gados e aves, com a finalidade de gerar um maior lucro na agroindustria. O BPA
também foi utilizado como uma reposicdo de estrogénio para mulheres, antes de ser
substituidos por dietilestilbestrol (DES) (BEN-JONATHAN; STEINMETZ, 1998). Os
mesmos autores mostraram in vivo que BPA e DES sdo semelhantes na sua estrutura, acoes e
metabolismo e também que o BPA aumenta a liberacdo de prolactina e o crescimento
mamario (BEN-JONATHAN; STEINMETZ, 1998).

O mondmero de plastico e plastificante bisfenol A é um dos componentes
mais importantes em muitos processos industriais, sendo uma das principais substancias
quimicas produzidos no mundo (BURRIDGE, 2003). Para muitos autores, o bisfenol A é uma
das mais potentes substancias perturbadoras endocrinas (MAFFINI et al., 2006).

BPA é usado para producéo de resinas de policarbonato de plastico e epdxi,
surgindo assim um composto transparente, leve, forte e, a0 mesmo tempo duradouro, o que

deu maior resisténcia evitando-se rachaduras. O policarbonato é utilizado na producdo de uma
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grande variedade de produtos comuns, incluindo brinquedos, embalagens de alimentos e
bebidas reutilizdveis como mamadeiras e recipientes de bebidas, também em lentes de éculos,
produtos odontoldgicos, equipamentos elétricos e eletrdnicos, midia digital (CDs e DVDs) e
equipamentos de seguranca para esportes. A resina epoxi é obtidacomercialmente a partir da
reagdo do BPA: 2,2’bis (4-hidroxifenil) propano com (1-cloro-2,3-epoxi-propano) na presenca
de hidroxido de sddio obtendo éter diglicidio conhecido como BADGE (ERICKSON, 2008),
tendo outras aplicacbes que incluem laminados elétricos para placas de circuito impresso,
tintas e adesivos. Estes também sdo utilizados como revestimento de protecdo em latas de
metal para manter a qualidade dos alimentos enlatados e bebidas (BISPHENOL — A, 2014), e
é liberado no ambiente pela descarga de aguas residuais pelas fabricas que o utilizam
(GAROMA; MATSUMOTO, 2009) contaminando assim, aguas e solos. No entanto, os dados
sobre a seguranga do BPA permanecem controversos.

A exposicdo humana é considerada generalizada, pois estudos de
biomonitoramento detectaram bisfenol A em mais de 90% das amostras testadas, incluindo
produtos alimentares, embalagens e bebidas (VANDERBERG et al., 2010). Para ser ingerido
e absorvido pelo corpo humano, 0 mondmero ou dimero de BPA, deve estar diluido em
alimentos, bebidas por meio de aquecimento de latas ou recipientes. Varios estudos mostram
que o BPA pode migrar a partir de policarbonatos, durante a difusdo e hidrolise desses
polimeros, que ocorre devido a situacfes como calor ou condic@es acidas ou basicas que irdo
conduzir a sua liberacdo (BURRIDGE, 2003; MERCEA, 2009). Nam et al. (2010) mostraram
que o BPA é liberado de mamadeiras expostas a altas temperaturas, e 0 uso prolongado da
mesma reforca a hidrélise de polimero causando uma intensa migracdo do BPA para agua.
Isso desencadeia uma migracio inicial de 0.03 e 0.13g/dm?® & 40 e 95°C, respectivamente,
sendo que apds seis meses de uso das garrafas a concentracdo de BPA aumentou para
0.18g/dm® e 18,47dm?® a 40 e 95°C, respectivamente. Além disso, foi detectado 4-23ug de
BPA em alimentos enlatados, 7-58ug/g em bebidas e 90-913ug/saliva uma hora apds a
aplicacdo do selante dentario (BROTONS et al., 1996). Em humanos, estima-se que a
ingestdo diaria de BPA seja de 2,5 - 4 ug / pessoa por dia (LAKIND; NAIMAN, 2008).

Outros autores examinaram a lixiviacdo de policarbonato em mamadeiras
fabricadas em diversos paises, utilizando HPLC (Cromatografia liquida de alta eficiéncia) e
GC — MS (Cromatografia gasosa com detec¢do de massas) apds a escovacao, lavagem ou
fervura do material. Sun et al. (2000) constataram que havia a lixiviagdo do BPA em garrafas
de policarbonato da primeira utilizacdo, o que ndo foi detectado em garrafas de vidro. Porém

durante o uso posterior as concentrag0es de BPA estavam abaixo do limite de determinagéo.
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Brede et al. (2003) relataram que a cada ciclo em uma lava-loucas, em &gua fervente e
escovacao, elevou para concentragfes significativas de BPA na agua. Desta forma o BPA
aparece no ambiente como resultado do processo de lixiviagdo dos produtos manufaturados
podendo estar presente nos varios compartimentos como, ar, agua, solo e sedimento sendo o
transporte por meio aquético considerando a principal rota de distribuicdo.

Os conhecimentos atuais sugerem que a via oral é considerada a mais
importante via entrada do bisfenol A (GEENS et al., 2012). Porém outros autores sugerem
rotas alternativas como a inalacdo ou absorcdo transdérmica como fontes de exposicdo
(STAHLHUT et al., 2009). Destes a poeira é considerada uma fonte de BPA para via de
inalacdo, no entanto, considera-se que a exposicdo de BPA por inalacdo com a poeira é
consideravelmente menor do que a relacionada com os alimentos consumo (GEENS et al.,
2009).

O BPA pode ser medido no soro humano, urina, fluido amniotico, fluido
folicular, tecido placentario, e no sangue do corddo umbilical. Estima-se que o0s recem-
nascidos devido ao seu menor peso corporal, sdo expostos aos mais altos niveis de BPA
(24pg/kg de peso corporal/dia) (WONG et al., 2005) uma vez que do nascimento até os 3
meses de idade, os bebés consomem apenas alimentos liquidos, inclusive o leite materno que
pode estar contaminado. Além disso, Ikezuke et al. (2002) encontraram BPA em gestantes
sendo detectado no soro materno (0,3-18,9 ng/mL), liquido amnidtico (8,3-8,7 ng/mL) e em
tecido placentério (1,0-104,9 ng/mL), e também soro fetal(0,9-9,2ng/mL).

Analisando o sangue humano e outros fluidos, Wetherill et al. (2007)
mostram que em alguns casos, 0s niveis de BPA total (livre e conjugado), mostraram-se em
concentracdes elevadas o suficiente para estimular os pontos de parada em células de cultura
in vitro. Takeuchi e Tsusumi (2002) determinaram os niveis de BPA em soro de homens e
mulheres adultas mostrando uma concentracdo média de 1,49+0,11 e 0,64+0,10ng/mL,
respectivamente.

Miao et al. (2011), analisaram o peso ao nascimento de criancas em relacao
a exposicdo dos pais ao BPA, utilizando a mesma popula¢do utilizada no estudo realizado por
Li et al. (2011). Observou-se que os filhos de maes expostas ao BPA apresentavam menor
peso ao nascimento em relacdo a filhos de mées ndo expostas. Havia um linear significativo
entre a maior exposicdo ao BPA e menor peso das criancas ao nascimento.

Wolff et al. (2007) em um estudo transversal, analisaram um subconjunto de

90 meninas (6-8 anos de idade) matriculadas no Estudo da Puberdade. O BPA foi detectado
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em 67% das meninas, sendo que as meninas com indice de massa corporea superior ou igual a
85%obtiveram baixas quantidade de BPA urinario.

Estudo recente realizado por Harley et al. (2013), mostrou que a exposi¢éo
pré e pés-natal ao BPA tem uma associagdo com indice de massa corporal. A exposi¢ao pré-
natal ao BPA em meninas (avaliagdo do BPA na urina materna durante a gestacdo), foi
associado com a diminuicdo do indice de massa corporal e gordura corporal aos 9 anos de
idade. No entanto, a urina medida de meninos de 9 anos de idade foi associada com o
aumento do indice de massa corpdrea, circunferéncia da cintura, massa gorda e obesidade. Os
autores ressaltam que é possivel essa associacdo do indice de massa corpérea e da exposicdo
ao BPA pré e pds-natal em ambos os sexos (feminino e masculino), e que pode mudar na pés-
puberdade e deve ser tomado como a idade das criancas.

Além de criancas, outros estudos relataram que BPA esté associado com o
aumento do indice de massa corporea em individuos com 40 anos de idade ou mais velhos
(KIM, PARK, 2013). Galloway et al. (2010) encontraram altas concentragdes de BPA em
individuos com peso elevado.

Essas associacOes entre o indice de massa corporea/obesidade e 0 BPA séo
dificeis de interpretar. E possivel que o aumento do BPA nestes individuos seja devido ao
aumento do peso corporal e ndo ao contrario. Um estudo in vitro utilizando tecido adiposo,
mostrou que ndo houve associacdo entre o indice de massa corpdrea e a concentracdo de BPA
no tecido adiposo. Indicando que o aumento do BPA urinario ou no soro nao é devido ao
aumento do BPA nos tecidos adiposos. Também é possivel que os individuos com maior
indice de massa corporal, irdo ingerir mais alimentos, consequentemente ingerindo maiores
concentracdes de BPA presente nestas embalagens (FERNANDEZ et al., 2007).

1.6 Bisfenol A e sistema genital masculino

Estudos mostram que contaminantes ambientais podem ser prejudiciais a
reproducdo humana (MANTOVANI, 2006), inclusive o0 BPA (WETHERILL et al., 2007).
Estudo in vitro mostrou uma variedade de vias moleculares por meio das quais 0 BPA pode
desencadear uma resposta celular. Por ser considerado um estrégeno ndo esteroidal, ele
interfere com a ligacdo de 17beta-estradiol ao seu receptor nos tecidos-alvo. Desta forma o
BPA pode atuar mimetizando, amplificando ou mesmo inibindo a atividade de estr6genos ou

interferindo na acdo do receptor nuclear de estrogeno (WETHERILL et al., 2007).
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Calafat et al., (2005) encontraram BPA em 95% das 371 amostras de urinas
de adultos americanos. Li et al. (2010) analisaram a fungé@o sexual masculina auto-relatada em
homens que trabalhavam em uma empresa de BPA e resina epdxi na China, e estes foram
comparados com homens ndo expostos. A exposicdo ao BPA foi determinada por meio de
registros histéricos da fabrica, realizacdo da amostragem do ar local e realizando o
monitoramento do ar ambiental. Os participantes foram examinados, mas nao eram avisados
em relagcdo ao BPA. Os trabalhadores expostos relataram uma diminuicdo na atividade sexual,
ou seja, na funcdo erétil, funcdo orgastica, desejo sexual e satisfacdo geral com a vida sexual
em comparagdo com o grupo controle. A diminuigdo da fungéo sexual foi relacionada com a
exposicdo ao BPA de modo dose dependente. Desta populagdo, em um subconjunto foi
testada a concentracdo do BPA na urina. Foi observada uma maior quantidade de BPA, que
mais tarde foi associado com menor atividade sexual nestes trabalhadores. Lembrando que o
grupo controle era exposto ao BPA do ambiente, mas ndo ocupacional.

Li et al (2011) analisaram a qualidade dos espermatozoides e urinas
fornecidas pelos trabalhadores mencionado anteriormente. A concentragdo de BPA na urina
dos trabalhadores foi de 38,7g/L o0 que é 70 vezes menor que a ingestdo diaria toleravel de
acordo com USEPA (United States Environmental Protection Agency) que determina nivel
méaximo de 2678,5g9/L BPA na urina de pessoas expostas a 0,05mg/Kg/dia), e do grupo
controle foi de 1,4g/L, ou seja, 2000 vezes menor que a ingestdo diaria aceita. Foi observado
que as concentracGes de BPA encontrada nos trabalhadores estariam correlacionadas com
baixa qualidade dos espermatozoides (concentracdo, contagem, vitalidade e motilidade dos
espermatozoides). Estes resultados sugerem que o BPA mesmo em concentracfes menores
que o permitido, pode ser prejudicial.

O BPA pode causar altera¢fes no sistema endocrino devido a sua atividade
estrogénica (desregulador endocrino xenoestrogénico), uma vez que exerce 0s seus efeitos
através da sua ligacao aos receptores nucleares esterdidais: receptor de estrogeno ERa e Erf,
com uma afinidade cerca de 10 vezes maior para Erf. Nas células de Leydig, BPA interfere
com a expressio da enzima esteroidogénica 17 o -monooxygenase (VANDENBERG et
al.,2010). Foi relatado, em ratos Fischer 344, que o BPA estimula a secrecdo de prolactina
(PRL) (STEINMETZ et al., 1997), diminui as concentracfes de testosterona plasmaticas em
ratos puberes (TAKAO et al., 1999), inibe a liberacdo gonadotrofina coriénica humana (hCG)
e auxilia no desenvolvimento de tumores de células de Leydig pré-estimuladas (NIKULA et
al., 1999). Desta forma, a exposicao a substancias estrogénicas poderia explicar o aumento da

frequéncia de casos de infertilidade e as desordens associadas ao sistema reprodutor
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masculino, em humanos (TOHEI et al., 2001). Porém estudo mostra que o BPA pode
apresentar atividade anti-androgénica (FROMME et al., 2002).

Estudo realizado por Chitra et al (2002) relata que a administracdo de BPA
para ratos com idade de 45 dias nas concentragdes de 0,2, 2, e 20ug/kg, via oral, durante 45
dias levou a diminuigdo na contagem de espermatozoides e na motilidade espermatica, sendo
considerado dose-dependente. Posteriormente, 0s mesmos autores observaram que o BPA
causa degeneracao no epitélio epididimario nas regides de cabeca, corpo e cauda com reducéo
no ndmero de espermatozoides no epididimo em todas as concentracdes de BPA
administradas (0,2, 2, e 20 ug/kg) apds 60 dias de tratamento, em ratos machos com idade
inicial de 45 dias (Chitra et al., 2003).

Muitos estudos encontraram mudangas na concentracdo dos horménios
sexuais (estrogeno, andrégenos, e gonadotroficos) bem como hormdnios sexuais ligados a
globulinas (SHBG) em relagéo a adultos e neonatos expostos ao BPA (AKINGBEMI et al.,
2004; TAKAO et al., 1999; TOHEI et al., 2001; NANJAPPA; SIMON; AKINGBEMI, 2012).
No desenvolvimento, agentes estrogénicos tais como o BPA podem regular negativamente a
secrecdo do hormonio esteroide pelas gonadas (AKINGBEMI et al., 2004; NANJAPPA;
SIMON; AKINGBEMI, 2012), podendo induzir alteracdes epigenética na qual ocorre o
aumento na expressao dos receptores de estrogeno (BROMER et al., 2010). Akingbemi et al.
(2004) avaliaram a exposicdo ao BPA nas concentracbes de 2,4ug, 10ug, 100mg e
200mg/kg/dia em ratos (DPN 21-35), evidenciando uma diminui¢do nos niveis de LH e
testosterona plasmatica apenas na concentracdo de 2,4pg/kg. Supbe-se que houve um
mecanismo compensatdrio nos animais tratados com maiores concentracées.

A administracdo de BPA (1mg/kg) na agua de beber ou por via subcuténea,
durante 14 dias, em ratos adultos Wistar aumentou os niveis de LH e de prolactina e reduziu
as concentracbes plasmaticas de testosterona testicular. Entretanto, os niveis de FSH
plasmatico ndo foram alterados pela exposicdo ao BPA (TAKAO et al., 1999; TOHEI et al.,
2001). Outros autores também afirmam que a exposi¢do ao BPA nas doses de 3mg/kg, via
subcutanea, em ratos Wistar adultos, resulta em uma diminuicdo nos niveis de testosterona
plasmatica, acompanhada de uma reducdo no nimero de espermatozoides no epididimo
(HERALTH et al., 2004). Neste contexto observou-se que BPA causa uma reducdo na
contagem espermatica, que pode ser resultante da reducdo nos niveis de testosterona
plasmatica logo apds a puberdade.

Nakamura et al. (2010), também buscaram esclarecer mecanismos pelo qual

0 BPA exerce a sua atividade tdxica no sistema reprodutor. Administraram BPA nas
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concentragdes (0, 20, 100 e 200 mg/kg/dia) ou E2 (Estradiol) (10 e 100 pg/Kg/dia) durante 6
semanas em ratos machos no periodo pré-puberal. Os resultados encontrados foram a
diminuicdo dos niveis de testosterona testicular e horménio luteinizante no plasma, e tambem
houve uma diminuicdo da expressdo de enzimas esteroidogénicas e proteina transportadora de
colesterol nas células de Leydig podendo ter uma correlagdo entre a diminuicdo da
testosterona e da expressdo dessas enzimas e proteinas. As mudangas nas enzimas
esteroidogénicas e proteina transportadora foram observadas em niveis mais baixo sem
relacdo aos niveis normais. Diante dos fatos, acredita-se que o BPA afeta diretamente néo s6
as células de Leydig, mas também a glandula pituitaria, sendo que o primeiro pode ser

prejudicado em concentragdes mais baixas de BPA (10ug/Kg/dia) do que o ultimo.

1.7 Estresse oxidativo e BPA

O estresse oxidativo é considerado uma importante condicdo fisiopatologica
que pode promover uma variedade de desordens ate a morte celular. A reacdes que geram
intermediarios altamente reativos, como, anion superdxido, peréxido de hidrogénio ou
radicais hidroxila causam danos oxidativos aos lipidios das membranas biologicas causando
lipoperoxidacdo (MELCHIORRI et al., 1996).

Os anion superéxido é formado a partir do oxigénio molecular, pela adigdo
de um elétron, de forma esponténea, pincipalmente pela membrana mitocondrial, atraves da
cadeia respiratoria (NODBERG; ARNER, 2001). E uma das principais espécies reativas de
oxigénio (ROS) geradas pelos espermatozoides (AITKEN, 1995). O mesmo autor sugere que
NAD(P)H (nicotinamina adenina dinucleotideo fosfato) seja a principal fonte de elétrons
responsavel pela producdo do anion superéxido pelo espermatozoide humano com o possivel
envolvimento do sistema NAD(P)H-oxidase, de modo similar em que ocorre e outros tipos
celulares. Por outro lado, De Lamirande e Lamonthe (2009) mostraram que uma oxidase nao
identificada localizada na membrana é responsavel pela producédo de anion superéxido.

A lipoperoxidacao das membranas celulares acarreta em alteracfes da sua
estrutura e permeabilidade (MELLO FILHO et al., 1983) e como consequéncia, a perda da
seletividade na troca ibnica e liberacdo do conteudo de organelas, como as enzimas
hidroliticas dos lisossomos. Além disso, a ativacdo das reac6es de lipoperoxida¢do tem como
principal consequéncia formacdo de aldeidos de baixo peso molecular, como 4-HNE e o

MDA. Estes reagem com proteinas citoplasmaticas e sdo toxicos para as células. Desta forma,
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a lipoperoxidacdo alterara a permeabilidade de membrana, causando também a toxicidade
celular, frequentemente culmina com a morte celular (HERSHKO, 1989).

Existem varios mecanismos que protegem as células contra o dano
oxidativo causado por radicais livres. Estes mecanismos sdo conhecidos como antioxidantes, e
possuem, intracelularmente, formas de acdo por vias enzimaticas e ndo enzimaticas. Assim,
podem atuar removendo o radical antes que este cause lesdo, ou mesmo reparado a leséo
ocorrida (FERREIRA; MATSUBARA, 1997; HALLIWELL; GUTTERIDGE, 1999). As
enzimaticas, incluem: superéxido dismutase (SOD), catalase, a glutationaredutase (GR) e
glutationaperoxidase (GPx). A SOD promove a dismutacdo de duas moléculas de anion
superoxido em uma de peréxido de hidrigénio, enquanto a GPx catalisa a reducdo do perdxido
de hidrogénio em &gua e oxigénio (NORDBERG; ARNER, 2001). Ja foram detectadas no
espermatozoide e no plasma seminal do homem enzimas antioxidantes como: a SOD e GR e
GPx (AITKEN et al., 1996; ZINI et al., 2000; MISRO et al., 2004).

O BPA pode afetar o metabolismo biologico do sistema celular e seu
controle redox, levando as alteracdes das caracteristicas reprodutivas e sexuais (KABUTO et
al., 2003). O BPA é considerado agente pré-oxidante, mostrando atividade atraveés do receptor
de estrégeno ou pelo seu metabdlito. O BPA é metabolizado na sua maior parte pelo
citocromo P450 hepético gerando dois metabdlitos, 2,2-bis (4-hidroxifenil) propano e 3-
hydroxybisphenol A (3-OH-BPA) formados durante a hidroxilacdo do anel do BPA. Além
disso, Atkison e Roy (1995) detectaram um metabolito reativo, 3,4-quinona BPA, que
juntamente com a presenca da peroxidase forma uma ligacdo covalente com o DNA. Os
mesmos autores mostraram que 0s metabolitos do BPA como as quinonas e semiguinonas sao
capazes de formar adutos de BPA-DNA, participando da producdo de ROS, o que poderia
trazer danos ao DNA. Os metabolitos gerados na presenca do citocromo P450 sdo
caracterizados pela forte acdo estrogénica quando comparado com o BPA préprio
(KOVACIC, 2010). Outros citocromos como, CYP11, CYP17 e CYP19 estdo envolvidos na
biotransformacdo endégena do BPA (QUESNOT et al., 2014). O citocromo CYP19A1l
(enzima aromatase) é responsavel pela formacdo de estrogenos (testosterona em estrégeno).
Considerando uma propriedade do BPA a mimetizacao de estrogenos, muitos estudos tem se
direcionado sobe estas enzimas chaves, uma vez que a maioria dos vertebrados possuem uma
Unica isoforma de CYP19A1, o qual é expresso em varios tecidos, sendo um deles o testiculo
(QUESNOT et al., 2014).

Estudos realizados por Kabuto et al. (2003), mostraram que altas doses de

BPA (25 e 50mg/Kg) nao altera os niveis de TBARS no testiculo, enquanto GSH diminuia
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neste 6rgdo. Sugerindo que o BPA induz a superproducdo de peroxido de hidrogénio no
testiculo. Outro estudo realizado por Citra et al (2002), relataram que quando administrados
BPA via oral nas concentragdes de 0,2, 2, e 20pg/Kg durante 45 dias em ratos com idade de
45 dias, observou-se um aumento nos niveis de peréxido de hidrogénio e peroxidacéo lipidica,
e diminuicdo nas atividades da superoxido dismutase, catalase, glutationaredutase e
glutationaperoxidase, levando ao estresse oxidativo no epididimo.

Nanjappa et al. (2014) mostraram que a exposicao de ratas prenhas ao BPA
(2,5 e 25pg/kg) durante o 12°dia gestacional até o 21°dias pos-natal, com uma dieta
hipercalérica (7ODPN), aumentaram as concentracfes de TBARS plasmaticos e producéo de

ROS em células de Leydig.

1.8 Inflamac&o e sistema genital masculino

A inflamagdo é uma resposta natural do organismo a uma variedade de
injurias teciduais, incluindo aquelas mediadas por patogenos, irritantes, disfuncao celular e
trauma fisico. A inflamacdo envolve a acdo de mdltiplos tipos celulares, residentes e
recrutados. O local afetado ira sofrer modificacdes fisiologicas, resultantes das alteracdes na
perfusdo vascular, na permeabilidade e na producdo de mediadores locais de inflamacéo, estes
irdo promover o influxo de células imunes. A resposta inflamatéria quando bem sucedida,
resulta em retencdo inicial da injuria, seguida de maneira ideal por sua remocéo e restauracdo
da homeostase tecidual (KARALIS et al., 2009).

A literatura mostra que no testiculo normal, leucdcitos sdo encontrados
quase exclusivamente dentro do tecido intersticial, zona peritubular e capsula testicular. Estas
células incluem principalmente macréfagos residentes, células dendriticas e linfocitos
circulantes, embora variavel do nimero de mastocitos e eosinéfilos, também estdo presentes,
dependendo da espécie (EL-DEMIRY et al., 1987; WANG et al., 1994; ANTON et al., 1998).
Ja é bem estabelecido que a maioria dos macrdfagos residentes no testiculo, tem uma
atividade pré-inflamatoria reduzida, tendo uma preferencia para producdo de citocinas
imunossupressoras quando estimuladas e expressao marcadores em sua superficie de acordo
com a sua ativacdo (KERN; MADDOCKS, 1995; HAYES et al., 1996; HEDGER, 2002;
BRYNIARSKI et al., 2004; MARESZ et al., 2008). Estes macrofagos exercem um importante
papel na regulacdo das respostas aos antigenos no ambiente testicular.

A IL-6 € uma citocina pré-inflamatéria de fase aguda da inflamacéao

secretada por muitos tipos de células, como macréfagos, mondcitos, eosinéfilos, hepatdcitos,
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celulas da glia e principalmente pelo tecido adiposo visceral (REXRODE et al., 2003), sendo
TNF-a e IL-1potentes indutores da producdo de IL-6. Além disso, a IL-6 promove maturagdo
e ativacdo de neutrofilos, maturacdo de macrofagos e diferenciacdo/manutencédo de linfocitos-
T citotoxicos e células matadoras naturais frente a uma injuria tecidual.

Em ratos normais, essa citocina é produzida pela maioria das células
somaticas testiculares como macréfagos intersticiais (BRYNIARSKI et al., 2005), células de
Leydig (BOOCKFOR et al., 1994), células de Sertoli (RIVAL et al., 2006), celulas
peritubulares e somaticas (POTASHNIK et al., 2005). Os mesmos autores mostraram o
envolvimento de gonadotrofinas e testosterona na regulacdo da IL-6 (POTASHNIK et al.,
2005).

A literatura mostra que a exposicdo ao BPA é capaz de modular a atividade
imunitaria através o efeito sobre o0s receptores estrogénicos (ER), receptor de
arylhydrocarbonetos (AHR) e provavelmente pelo receptor ativador de proliferador do
peroxissoma (PPAR) (ROGERS et al., 2013). Sugita-Konishi et al. (2003) observaram que a
exposicdo ao BPA diminuem a atividade dos neutrofilos e inibe a producdo de IL-6 em
camundongos infectados com E.coli (ndo patogénico). Nao sé interfere na resposta immune
inata mas também na adaptativa. Ja foi mostrado que o BPA causa 0 aumento nos niveis de
IFN-y, (resposta Th1l) em baixas doses (30ug/kg) em ratos machos DBA1/J (YOSHINO et
al., 2003). Por outro lado, altas doses (25mg/kg) de BPA causam o aumento na producéo de
IL-4 (reposta Th2) (LEE et al., 2003). Apesar da escassez de informacdes sobre os efeitos do
BPA no sistema imune, sabe-se que a inflamacédo e infeccdo dos 6rgdos genitais masculinos
sdo consideradas importantes fatores etioldgicos de infertilidade. Em torno de 5-15% dos
fatores de infertilidade masculina sdo de etiologia conhecida e tém o envolvimento
inflamatério, infeccioso ou auto-imune, que incluem a formacdo de anticorpos
antiespermaticos, orquite e epididimite (SCHUPPE; MEINHARTDT, 2005). Porém, a
literatura ainda ndo traz informacbes relacionando o BPA, a inflamacdo e os &rgdos

reprodutores.
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2.0 JUSTIFICATIVA

Nas Ultimas décadas, o aumento significativo da contaminacdo ambiental
mundial tem contribuido para o crescimento do nimero de individuos portadores de doencas
graves como canceres, doengas cardiovasculares, respiratorias e distdrbios endocrinos. Neste
contexto é importante relatar o crescente aumento do declinio da qualidade espermatica e
consequentemente dos problemas de fertilidade em homens em idade reprodutiva. Dentre
essas substancias, destaca-se o bisfenol A (BPA). O BPA é um estrégeno ndo esteroidal
sintético amplamente utilizado na producdo de pléastico policarbonato e como aditivo para
outros tipos de plasticos. Esta presente em uma série de produtos de consumo humano e
contamina o solo e &gua através de sua liberacdo pelas fabricas. Ele também é liberado dos
produtos que o constitui (copos, garrafas plasticas, selantes dentarios, brinquedos,
mamadeiras) podendo ser ingerido. Por ser um xenoestroOgeno, no organismo humano ou
animal, o BPA pode causar alteragbes no sistema endocrino devido a sua atividade
estrogénica (desregulador enddcrino xenoestrogénico). Sabe-se que o BPA exerce 0S seus
efeitos através da ligacdo aos receptores nucleares esteroidais: receptor de estrogeno (ERa e
Erp). Deste modo, nos individuos do sexo masculino podem ter graves alteragdes enddcrinas,
morfologicas e fisiologicas tanto em idade adulta, mas principalmente durante o
desenvolvimento dos 6rgéos do sistema reprodutor masculino (periodo pré-natal ou pos-natal)
onde as células ainda ndo estdo totalmente diferenciadas. Os principais danos causados pela
exposicdo ao BPA no sistema reprodutor masculino sdo alteracdes nos niveis de FSH e de
LH, reducdo nos niveis de testosterona, perda da integridade da barreira hematotesticular e
aumento nos niveis de estresse oxidativo. No entanto, os estudos encontrados até 0 momento
utilizam doses muito altas ou tratamento agudos, o que ndo remete a realidade na qual as
populacdes humanas ou animais estdo expostos ao BPA. Além disso, ndo avaliam com
exatiddo o periodo de desenvolvimento pds-natal do testiculo, ja que utilizam de animais
adultos.

O FDA (Food and Drug Administrtion), em julho de 2012, alterou a
regulamentacdo sobre a utilizacdo de resinas de policarbonato a base de BPA em mamadeiras
e copos plasticos. E importante salientar que, embora o BPA esteja proibido em alguns paises,
e desde 2012 no Brasil, e mesmo com essa proibicdo ainda tem uma quantidade minima
liberada para a sua utilizagéo.

O presente estudo justifica-se, uma vez que adolescentes ou mesmo criangas

do sexo masculino, que foram expostas ao BPA ainda ndo atingiram a idade reprodutiva e
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podem ainda estar em contato com este agente uma vez que a durabilidade, vida util, do
plastico e sua degradagdo no ambiente s&o muito longas. Outro importante motivo que torna
relevante a realizacdo desde estudo é que essa proibicdo ndo é mundial, ou seja, muitas
populacbes ainda estdo expostas a este agente. Assim, como este estudo visa a salde da
populacdo humana e animal do ponto de vista global, a publicacdo deste estudo que ocorrera
em revista internacional chegara a comunidade cientifica e poderé auxiliar na regulamentacéo
deste xenoestrogeno em paises que o utilizam de modo deliberado. Por conseguinte, insere-se
muito a todo esse contexto, a populacéo carente a qual carece de informagdes adequadas sobre
0 assunto e utilizam produtos plasticos devido ao seu baixo custo, versatilidade de uso e

durabilidade, ou seja, mesmo em paises onde o BPA foi proibido ele pode estar em uso.
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3.0 OBJETIVOS
3.1 Geral:

Diante da relevancia clinica, social e politica do assunto e também pela
falta de informagdes precisas na literatura especializada o objetivo deste estudo foi avaliar se
a exposicdo ao bisfenol A durante o periodo peripuberal poderia trazer danos para o
desenvolvimento do testicular e epididiméario de ratos.

3.2 Especificos:
- Determinar a possivel toxicidade do BPA sobre o sistema genital masculino;
- Avaliar se o BPA altera o desenvolvimento pés-natal do testiculo e epidididimo em
ratos peripuberais;
- Detectar indicios de que o BPA altere a fertilidade dos animais.
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5.0 ARTIGO 1

Baixas doses de Bisfenol A pode prejudicar o desenvolvimento pés-natal diretamente,
sem afetar os niveis hormonais e estresse oxidativo

Low doses of bisphenol can impair postnatal testicular development directly, without
affecting hormonal levels or oxidative stress
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Abstract

Bisphenol A is considered one of the most potent endocrine disrupting chemicals,
causing changes in the endocrine system due to its estrogenic activity. Thus, male
individuals may have serious endocrine, morphological and physiological alterations
in not only adults, but also during development of the organs of the male reproductive
system. The peripuberal period may be a critical stage of reproductive development
and therefore more susceptible to the action of toxic agents. Thereby, due to the
clinical, social and political relevance of the subject, coupled with the lack of
information in the literature, the aim of this study was to evaluate whether exposure
to BPA during the peripuberal period can damage testicular development. For this
purpose, male Wistar rats were treated with BPA via gavage at doses of 20ug/Kg or
200ug/Kg body weight, from PND 36-66. The BPA was diluted in 1% DMSO and
subsequently in corn oil. The control group received these vehicles under the same
conditions. On PND 67 the animals were anesthetized, weighed and euthanized;
blood was collected for hormonal analysis. The testes were collected and weighed
and later used to evaluate the level of oxidative stress, sperm count,
histopathological parameters, morphometric analysis and immunohistochemistry.
Sperm from vas deferens was used to evaluate the spermatic morphology. The
results showed that BPA causes abnormal spermatic morphology and seminiferous
tubules at both doses and at the highest dose causes increased proliferation of stem
cells, thus increasing the height of the germinal epithelium and reducing stages IX -
XIll of spermatogenesis. It was concluded that BPA, at both doses, affected the
development of the male reproductive system during the peripuberal period directly
since it did not affect hormone levels or the redox profile.

Keywords: Bisphenol A, Testis, Sperm, Peripuberal period, male rats
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Abbreviations: PND, post natal day; C, Control group; BPA20, Bisphenol A 20ug/kg,
BPA200, Bisphenol A 200ug/kg, MDA, malondialdehyde; TBARS, thiobarbituric acid
reactive species; TBA, thiobarbituric acid; GSH, reduced glutathione; DSP, daily
sperm production; LH, luteinizing hormone; FSH follicle-stimulating hormone. ERa,

estrogen receptor alfa; ER[3, Estrogen receptor beta.
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1. Introduction

Taking into consideration the diversity of customs and cultures around the
world, an increase in male infertility has been observed, constituting an international
phenomenon (Pasqualotto et al., 2003). Authors report that most of the effects
exerted on reproductive function are through disturbance processes mediated by
androgens or estrogens (Waissmann, 2002). In this context, several chemicals
present in environmental pollution can cause damage to the health of humans and
animals. These chemicals act as hormones and are therefore known as endocrine
disruptors (Paugartten, 2003). These compounds have the ability to interfere with the
natural functioning of the endocrine system of humans and animals and can result
from anthropogenic or natural activity (Ghiselli and Jardim, 2007). The changes
caused by endocrine disrupters may be temporary or permanent.

Bisphenol A (BPA, 4,4'-dihydroxy-2,2-diphenylpropane), a non-steroidal
synthetic estrogen, is used as the monomer to manufacture polycarbonate plastic,
considered one of the most important components in many industrial processes,
being one of the major chemicals produced in the world (Burridge, 2003). BPA has
been extensively used in the production of polycarbonate plastic and epoxy resins,
and as part of a wide variety of common products including toys, food packaging and
reusable bottles, such as baby bottles and beverage containers, and also dental
sealants (Rodriguez-Mozaz et al., 2004; Vogel, 2012). Biomonitoring studies found
bisphenol A in 90% of human samples tested (Vanderberg et al., 2009).

The BPA is considered such as endocrine disruptors and may exert its effects
through its binding with estrogen receptors (ER) and androgens receptors (AR). ER
iIs a member of the nuclear receptor superfamily of proteins that modulate gene

expression. Two subtypes of ER have been identified, ERa and ERp. Thus, its affinity
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for estrogen receptors makes this compound potentially toxic in organs with such
receptors (Matthews et al., 2001). In addition, oxidative toxicity is considered an
important effect of BPA since the molecule is biotransformed during oxidation
reactions, generating reacting oxygen species as metabolites (Michalowicz, 2014).
Although the most part of BPA is metabolized by cytochromes P450 in the liver, other
organs are also capable to modulate its biotransformation as kidney, cerebellum,
prostate and testis (Quesnot et al., 2014).

Studies report that the testis is considered a highly sensitive target for the toxic
effects of BPA (VomSaal et al., 1998; Chitra et al., 2003; El-Beshbishy et al., 2015).
In adult male rats, the effects of BPA on the testes include decreased weight
(Tamilselvan et al.,, 2014; EIl-Beshbishy et al., 2015), disruption of the
hematotesticular barrier (VomSaal et al., 1998; Fiorini et al., 2004) and reduction in
daily sperm production at 200 mg/kg (Sakaue et al., 2001). In addition a decrease in
plasma testosterone has been demonstrated with BPA doses of 1mg/rat/day (Tohei
et al., 2001) and 300ug/kg (Castro et al., 2013).

Exposure of the male reproductive system to one or more endocrine disruptors
may take place at different stages of human or animal development. In pre and
postnatal development, estrogenic agents such as BPA may negatively regulate
gonadal steroid hormone secretion (Akingbemi et al., 2004; Nanjappa et al., 2012)
and may cause epigenetic modifications (Bromer et al., 2010). In the postnatal
period, puberty is a dynamic event during which complex sexual development occurs
due to a series of events that result in the maturation of the hypothalamic pituitary
testicular and consequently the start of the reproductive cycle of the species (Ojeda
and Urbanski, 1994). During peripuberty (PND 36-55 or 65) spermatogenesis and

steroidogenesis are not fully established, thus, this period is considered a critical
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stage of reproductive development and consequently more vulnerable to the action of
toxic agents (Johnson et al., 1997).

Exposure to BPA at a low dose (2.4ug/kg/day) in male rats (PND 21-35)
caused a decrease in the plasmatic levels of LH and testosterone and daily sperm
production, however high doses did not cause these effects (Akingbemi et al., 2004)
or caused a reduction in these hormones in male rats with PND 21 (100 and
200mg/kg BPA) (Nakamura et al., 2010). In contrast, Gadmez et al. (2014) recently
observed an increase in plasma testosterone in prepubertal male rats ingesting BPA
(3ug/kg/day). Wisniewski et al. (2015) showed that BPA (5 and 25mg/kg) caused a
decrease in the sperm count and daily production in mice of PND 50. BPA at 0.2, 2
and 20ug/kg reduced sperm count and weight of testis in male rats (PND 45) (Chitra
et al.,, 2003) and reduced the expression of the steroidogenic enzyme 17a —
hydroxylase in vitro (Akingbemi et al., 2004). Furthermore, estimates indicate that
children between 6 and 12 years of age have greater urinary BPA concentrations
compared to adults (Calafat et al., 2008).

Until now, the majority of studies found used very high doses or acute
treatment, which does not reflect the reality of exposure to BPA by human or animal
populations. Furthermore, no studies clearly evaluate the peripubertal testicular
development, period since many are conducted with sexually mature adult animals. It
is very important to note that although BPA is banned in some countries, there are
still many countries that use BPA; considering the durability of plastic products,
people in the different parts of the world are exposed to BPA.

Therefore, due to the clinical, social and political relevance of the subject

coupled with the lack of information in the literature, the objective of this study was to
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evaluate whether exposure to BPA during the peripuberal period can damage

testicular development.
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2. Materials and methods

2.1. Animals and experimental conditions

Adult male Wistar rats (30 days old) were supplied from Central Animal
House, State University of Londrina (CCB-UEL), Parand, Brazil. Animals were
acclimated to the new environment for five days before the beginning of the period
experimental. During the experiment, animals were allocated in polypropylene cages
(43 x 30 x 15 cm) under a well regulated light and dark (12 h light/dark photoperiod,
lights switched off at 07:00 am), and controlled temperature (x23°C). There were
provided with standard commercial laboratory chow and tap water ad libitum.
Experimental procedures were in accordance with the Ethical Principles in Animal
Research adopted by the Brazillian College of Animal Experimentation and were
approved by the Ethics Committee on Animal Use of State University of Londrina

(CEUA/UEL protocol number 10156.2013.59).

2.2. Experimental design

Male rats (PND 36) were randomly assigned to three experimental groups of
15 animals each: Control (C), Bisphenol A 20ug/kg (BPA 20) and Bisphenol A
200ug/kg (BPA 200). These doses were selected according to Chitra et al. (2003)
with minor adaptations and administered from PND 36 to PND 66. The peripubertal
period was selected according to Ojeda et al. (1980). Thus, the animals were orally
treated (gavage) with 20 or 200ug/kg body weight of BPA (CAS no. 80-05-7, Sigma-
Aldrich Co®., USA) diluted in 1% dimethyl sulfoxide (DMS0)/99% corn oil-vehicle, or
alone solution vehicle to control group. In this study we considered the BPA doses as

low because the LDsp value of BPA is 2 g / kg for male rats (Bakker et al., 2014).
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2.3. Preparation of Bisphenol A
Bisphenol A (BPA, 4,4’-di-hidroxi-2,2-difenilpropano) 97% of purity was
obtained from (CAS no. 80-05-7) Sigma-Aldrin Co®., USA. BPA was dissolved in

DMSO and solubilized in corn oil and stored protected from light.

2.4. Body weight and weight of some reproductive organs

At the end of experimental period, the animals were anesthetized with a
combination of ketamine (Sedomin® 10%, Avellaneda, Argentina) and xylazine
(Anasedan®, Paulinia, Brazil), weighed and killed by cardiac puncture. Blood was
collected (between 8:00 and 11:30 am) for determination of luteinizing hormone (LH)
and testosterone levels (n=10/group). Testis, vas deferens and seminal vesicle
(without the coagulating gland, full and empty) were removed and their weights
(absolute and relative to body weights) were determined. Testis were used for sperm
counts (n=10/group), oxidative stress assays (n=10/group), histopathological analysis
(n=5/group) and immunohistochemistry (n=5/group). Spermatozoa from vans

deferens were used for morphological analysis (n=10/group).

2.5. Daily sperm production per testis

Testicular spermatids resistances to homogenization were counted according
to the method described by Robb et al. (1978) with the adaptations described by
Fernandes et al. (2007). For this the testis, descapsulated and weighed soon after
collection, was homogenized in 5mL of NaCl 0.9% containing Triton X 100 0.5%
(SIGMA, St. Louis, USA) followed by sonication for 30 seconds. After 10-fold diluition,
small sample was transferred to Neubauer chambers (4 field per animal) and late

spermatids were counting. To calculate daily sperm production (DSP), the
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concentration of spermatids per testis was divided by 6.1 which is the number of days

in which mature spermatids are present in the seminiferous epithelium.

2.6. Sperm morphology

The vas deferens were removed by and washed internally with 1.0 ml of saline
formol 10%. Smears of histological slides were prepared from this solution and
observed in photomicroscope (Opton) at 400X magnification. Two hundred
spermatozoa per animal were analyzed. The morphological analysis was classified
into tree general categories: normal morphology, head abnormalities (without
characteristic curvature or isolated form i.e., no tail attached) and tail abnormalities
(broken, rolled into a spiral and isolated i.e., no head attached). This evaluation was

conducted as previously described by Fernandes et al. (2007).

2.7. Testosterone and LH levels

Blood plasma was collected and used for determination of testosterone and
luteinizing hormone (LH) plasmatic levels, according as described by Fernandes et
al. (2011). Plasma testosterone levels were ascertained by double-antibody
radioimmunoassay using a TESTOSTERONE MAIA® KIT (Biochemlmmuno
System). The LH doses used specific kits supplied by the National Institute of
Arthritis, Diabetes and kidney Diseases (NIADDK, USA). All samples were included
in the same assay to avoid inter-assay errors. The lowest detection limits and intra-
assay errors for LH and testosterone were respectively: 0.04 and 0.065 ng/mL and

3.4 and 4.0%.
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2.8. Oxidative stress in the testis
2.8.1. Malondialdehyde (MDA)

The lipid peroxidation in testis homogenates (5mg/ml) from all experimental
groups was determined by TBARS reaction. The malondialdehyde is produced as
end product of lipid peroxidation chain. MDA formed during lipid peroxidation reacts
with thiobarbituric acid (TBA) to produce a colored product representing the protein
adduct TBA-MDA. In acid solution, this adduct absorbs light at 532 nm and is easily
extractable in organic solvents such as n-butanol. MDA levels were quantified by its
extinction coefficient and the results are expressed in nmol/g tissue, as described by

Oliveira and Cecchini (2000).

2.8.2. Reduced glutathione (GSH) measurement

Reduced glutatione (GSH), an indicator of redox balance on tissues, was
performed according to the method described by Sedlak and Lindsay (1968). GSH
levels were determined with 5,5’-dithiobis 20-nitro benzoic acid in testis homogenate
supernatant (50mg/mL), and evidenced by a yellow color formation. GSH levels were

assayed at 412nm, and the results expressed in micromoles/mg of protein.

2.9. Morphometric and histopathological analysis

The testis were removed, fixed in Metacarn, embedded in Paraplast® and
sectioned at 5um. These sections were stained with hematoxylin and eosin (HE) and
examined for general histopathological and morphometric analysis as described to

Favareto et al. (2011).
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2.9.1. Histopathological analysis in the testis

One hundred randon testicular cross-section per animal were examined using
Opton microscope (100X and 400X magnifications). The seminiferous tubules were
divided into normal and abnormal, according to the cells present at the seminiferous
tubules. The abnormal tubules were subdivided into: immature germ cells in the
lumen, acidophilic cells and vacuolization.

Nuclei of Sertoli cells were counted in 10 seminiferous tubules (3 non-
consecutive testis cross-sections) per rat (n = 10 animals/group) at stage VII of

spermatogenesis, under a light microscope (Opton), at 1000 magnification.

2.9.2. Seminiferous tubule diameters and seminiferous epithelium height

Ten randon testicular cross-sections were examined per animal in stage IX of
the seminiferous epithelium cycle. For this, seminiferous tubule diameters were
measured using Opton photomicroscope (400X magnification) and BELview software
(version 6.2.3.0 for Windows). The seminiferous epithelium heights were measured
using the same tubules and methodology mentioned above. In each seminiferous
tubule the mean of four measures for diameters and height was calculated and used

in the statistical analysis.

2.9.3. Spermatogenesis kinetics

For this, one hundred random seminiferous tubular sections per animal were
classified into four categories: stages I-VI, VII-VIII, IX-XIll and XIV of the seminiferous
ephitellium cycle, according to Leblond and Clemont (1952), using a light microscope

(Opton) at 100X and 400X magnification.
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2.10. Immunohistochemistry of Ki-67 in the testis

Histological sections of the testes were submitted to antigen recovery at 100°C
in Tris / EDTA buffer pH 9.0 for 30 minutes. After washing in distilled water, sections
were subjected to the blocking of endogenous peroxidase in hydrogen peroxide and
methanol (3%) and blocking of nonspecific proteins (3% BSA + 1% goat serum in
PBST). The immunohistochemistry for proliferative cells detection was then carried
out using Ki-67 primary antibody (Abcam -Ab16667) diluted 1:100 when sections
were incubated in antibody solution overnight at 4°C. After incubation with primary
antibodies, cross-sections were washed with PBST (0,5% of triton plus PBS) and
incubated for 2 hours with the secondary anti-rats antibody. After this period, the
tissue was once again washed with PBST. The substrate for peroxidase Nova RED™
(Vector Laboratories, Burlingame, CA) and cuts were finally counter-stained with
hematoxylin. For final analysis one hundred random seminiferous tubular sections

per animal were classified into marked and unmarked with Ki-67.

2.11. Statistical analysis

One-way ANOVA, with the post hoc Tukey test or the non-parametric Kruskall-
Walllis test with the Dunn post hoc, according to the data distribution were utilized to
compare the results among the experimental groups. Differences were considered
significant when p<0.05. The statistical analyses were performed by GraphPadInstat

(version 3.01).
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3. Results
3.1. Body, reproductive organ and liver weights

Body (initial and final), testis, seminal vesicles and vas deferens weights
(absolute and relative) are shown in Table 1. There were no significant differences

among the experimental groups for any of the parameters analyzed.

3.2. Sperm parameters: sperm number, daily sperm production and sperm
morphology

The sperm number (C = 119.01 + 8.55; BPA 20 = 125.54 + 13.10; BPA 200 =
103.09 + 11.48 - x108, mean + SEM) and daily sperm production (C = 19.51 + 1.40;
BPA 20 = 20.58 + 2.14; BPA 200 = 16.90 + 1.88 — days, mean + SEM) were not
significantly different among the experimental groups. However, exposure to BPA at
the two doses (20 and 200ug/kg) caused a significant increase in abnormal sperm
compared to the control group (p<0.0001). The major abnormalities found in this
organ were head without the characteristic curvature (more than 4 times higher) and
isolated tail (at least 7 times higher). There were no observed significant differences
in relation to the BPA 20 and BPA 200 experimental groups. Quantitative data are

summarized on Table 2.

3.3. Plasmatic testosterone and LH levels

Testosterone levels (C =2.25 +0.78; BPA 20 =2.91 + 0.97; BPA 200 = 2.94 +
0.87 — ng/ml) and LH plasmatic levels (C = 0.13 + 0.02; BPA 20 = 0.16 £ 0.04; BPA
200 = 0.15 = 0.04 — ng/ml) were not altered after exposure to either 20 or 200 pg/kg

BPA doses.
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3.4. Malondialdehyde (MDA) and reduced glutathione (GSH) assay

The results of the MDA (C = 0.73 + 0.04; BPA 20 = 0.64 + 0.06; BPA 200 =

0.67 = 0.06) and GSH (C = 111.68 = 14.01; BPA 20 = 87.91 = 5.90;, BPA 200

102.37 £ 10.26, mean + SEM) were not significantly different among the experimental
groups. Thus, BPA did not cause detectable levels of lipid peroxidation or change the

redox balance in the testes.

3.4. Histopathological analysis, spermatogenesis kinetics and Sertoli cells
count

The histopathological analysis of the testes (Table 3, Fig 1) from animals
exposed to BPA presented a significant increase in the number of abnormal tubules
in relation to the control group (p<0.0001). The number of seminiferous tubules with
immature germ cells in the tubular lumen was statistically higher in the BPA 20 and
200 groups compared to the control group (p<0.0001). However, the number of
acidophilic cells was higher only in the BPA 20 group when compared to the control
(p<0.05). The number of tubules with vacuolization was not altered after bisphenol A
exposure. The Leydig cells and interstitial connective tissue seemed to be uniform in
size and shape in the three groups.

Moreover, there was a significant reduction in Sertoli cell number per
seminiferous tubule (stage VII of spermatogesis; Table 3).

The results of the spermatogenesis kinetics (Table 4) revealed significant
reductions from stages IX - XllII in the BPA 200 group in relation to the control, which
were not different from the BPA 20. On the other hand, there was a significant

increase in stage XIV of spermatogenesis in the animals exposed to BPA at the
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highest concentration (200ug/kg) (p<0.001) compared to the control and BPA 20

groups.

3.5. Testicular morphometric analysis

The highest dose (200ug/kg) of BPA caused a significant increase in the
seminiferous epithelium height compared to the control and BPA 20 groups. However
the diameters of the seminiferous tubules were statistically similar among the

experimental groups (Table 5).

3.6. Immunohistochemistry of Ki-67 in the testis

The quantitative immunohistochemical analysis (Fig 2) showed that BPA at a
dose of 200ug/kg caused an increase in the number of Ki-67 labeled cells in the
seminiferous tubule, indicating increased proliferation when compared with the
control group (p<0.01). In the qualitative analysis, the labeled germ cells represented

spermatogonia and primary spermatocytes (Fig 3).

4.0. Discussion

Concern is lacking regarding the human health and environmental effects of
BPA. This fact is probably due to the diversity of data presented on literature that
describes a number of experimental effects in rats from such different ages and
exposed to such different doses on such different ways. Thus, there is a very clear
necessity of establishing, age, time of exposure and dose when contaminants are
investigated.

Puberty is a period of changes between the juvenile period and adulthood in

which there is an increase in gonadotropin secretion, stimulating the growth and
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maturation of the testes (Sharpe, 2010). This period is considered an important
phase in which several events occur such as a decrease in the proliferation and
development of germ cells, an increase in testosterone levels and proliferation of
Sertoli cells (Sharpe, 2010). Thus, peripuberty is an important window for the
development of the male reproductive system, being susceptible to many endocrine
disruptors that act by possibly mimicking hormones. These interferences can result in
permanent changes when these individuals become adults (Chapin et al., 1997). The
endocrine disruptor BPA was detected in the testes after oral administration
(Miyakoda et al., 2000; Xiao et al., 2006) and it has been shown to be a potent
inducer of adverse effects on fertility by interfering in the spermatogenesis process,
such as production of androgens (Akingbemi et al., 2004), and Sertoli cell activity
(Salian et al., 2009).

In the present study, the maintenance of body, testis, seminal vesicle and vas
deferens weights is consistent with a previous study by Toyama et al. (2004) which
used the same dose of BPA in adult rats. Heralth et al. (2004) used BPA (3mg/kg) in
pubertal rats and Morgan et al. (2014) used 25 mg/kg of BPA in rats (120-150g) and
also found no changes in testicular weight. This demonstrates that BPA cannot affect
testicular weight. The maintenance of testicular weight found in the present study
also is in accordance with the number and concentration of sperm in the testes as
well as the daily sperm production. Recently Wisniewski et al. (2015) showed that
BPA (5 and 25 mg/kg) caused a decrease in the sperm count and daily production in
mice of PND 50, i.e., much higher doses than the ones used here.

The testosterone and LH plasma levels in the present study corroborate both
with the weight of the reproductive organs and the study of Akingbemi et al. (2004).

These authors did not observe changes in testosterone or plasma LH levels in rats
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(DPN 21-35) subjected to BPA (10ug/kg, 100 and 200mg/kg). The author reports that
this fact may be due to compensatory mechanisms that were activated in vivo.
However, during development, estrogenic agents such as BPA may negatively
regulate gonadal steroid hormone secretion (Akingbemi et al., 2004; Nanjappa et al.,
2012), and could lead to epigenetic alterations, in which there is an increase in the
expression of estrogen receptors (Bromer et al., 2010).

In the literature there are many reports that BPA exposure induces oxidative
stress by generating reactive oxygen species in its metabolization (Kabuto et al.,
2004; Richter et al., 2007; Aydogan et al., 2010), and that BPA can affect the
biological metabolism of the redox control system, affecting the reproductive and
sexual characteristics (Kabuto et al., 2004). These results were not found in the
present study at 20 pg and 200 pg. Similarly, studies by Kabuto et al. (2003) showed
that BPA (25 and 50mg/kg) did not alter the MDA levels, but caused a decrease in
the levels of GSH in the testis. Morgan et al. (2014) demonstrated an increase in
MDA levels and a decrease in GSH levels when rats (120-1509) were exposed to 25
mg/kg of BPA. It seems that very low doses are incapable to induce detectable levels
of oxidative stress disturbance. It is worth noting that BPA is able to induce increased
oxidative stress in very high doses, which do not reflect the reality of the exposure of
the human population.

The alterations in the sperm morphology caused by BPA (head without
characteristic curve and isolated tail), at both doses, may be associated with changes
in the dynamics of spermatogenesis acting specifically on the process of
spermiogenesis. Our data corroborate the results obtained by Chitra et al. (2003)
who reported the presence of spermatozoa with abnormal morphology when rats

(PND 45) were exposed to BPA (2 and 20ug/kg). The same results were observed by
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Tamilselvan et al. (2014) using BPA 200 mg/kg for 30 days. BPA levels in urine were
associated with a reduction in human semen quality, including damage to
spermatozoids (Meeker, 2010). In this way, it seems that bisphenol A could have a
direct effect on spermatic morphology since neither hormonal changes nor oxidative
stress were not reported in this study.

Furthermore, a previous study showed that neonatal exposure to BPA (1-
600ug/kg/day) has the potential to impair spermatogenesis (Toyama and Yuasa,
2004). These effects have been attributed to alterations caused in Sertoli cells since
they form a blood-testis barrier (Toyama and Yuasa, 2004; Anahara et al., 2006). The
disengagement of immature germ cells in the seminiferous tubules of rats exposed to
BPA may be due to the effect on junction proteins of the Sertoli cells on the blood-
testis barrier (Anahara et al., 2006). Fiorini et al. (2004) presented alterations in
protein junctions of Sertoli cells (PJSC) when treated with BPA. The same results
were also found by Salian et al (2009), where exposure to BPA altered the PJSC
complex in neonatal rats. According to these findings, changes in PJSC complexes
may be one of the possible mechanisms of the BPA, leading to the loss of immature
germ cells in the seminiferous tubule lumen observed in this study. In addition, it
seems reasonable to assume that the reduction of Sertoli cells number after BPA
treatment, as evidenced in this study, could be the cause of alterations in the
seminiferous tubules. Thus, bisphenol A could be able to block the proliferation of
Sertoli cells, which would occur at this developmental period (Sharpe, 2010).

Alterations in the number of Sertolli cells and the blood-testis barrier may have
led to decreased stages IX - Xlll of spermatogenesis at a dose of 200ug BPA.
Studies indicate that restructuring of the blood-testis barrier occurs from stage 1X of

the spermatogenesis cycle, maintaining the immunological barrier, in which also
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occur the zonula of adherens junctions (Russel, 1997). Li et al. (2009) showed that
BPA in postnatal rats (DPN 20) disrupted the integrity of the blood-testis barrier (in
vitro) acting on the intercellular junction proteins of the Sertoli cells, indicating a
greater susceptibility to BPA at this stage of spermatogenesis. Therefore, the data
suggest that BPA can act on stage IX of spermatogenesis, altering the integrity of
Sertoli cells and thereby rendering the cell stages 1X - XIIl more vulnerable to BPA.
Another toxic outcome of bisphenol at a dose of 200ug/kg was the higher cell
proliferation in the germinal epithelium, confirmed by Ki-67 immunostaining, which led
to a significant increase in height of the epithelium. Over a long period exposition, this
event can form massif cell or genetically altered gametes. Schlesser (2009) also
found an increase in the number of germ cells when neonatal rats were treated with
50 mg/kg of BPA. However he used a much higher dose than that of the present

study.

5. Conclusion

We concluded that bisphenol A in very low doses, which reflect the reality of
the exposure of the human population, can directly affect the development of the
testes during the peripuberal period, since hormone levels and the redox profile were
not affected. It is important to point out that the damage found in this study prejudiced
sperm quality, possibly causing chromosomal or genetic alterations. Further studies
are required to determine the time of prevalence of the alterations shown in the

present study and whether they can affect embryonic or postnatal development.
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Legend of tables

Table 1
Reproductive organs and body weights.
Values expressed as mean + SEM.

a,b Different letters indicate groups that differ statistically (p < 0.05).
ANOVA test, followed by Tukey’s post hoc test.

Table 2
Sperm morphology
Values expressed as median [Q1 — Q3].

3, b Different letters indicate groups that differ statistically (p< 0,05). Kruskall-Wallis
test followed by Dunn’s post test.

Table 3
Testicular histopathological analysis
Values expressed as mean + SEM. &P

a.b Different letters indicate groups that differ statistically (p < 0.05).
ANOVA test, followed by Tukey’s post hoc test.

Table 4
Spermatogenesis kinetics
Values expressed as mean + SEM.

a.b Different letters indicate groups that differ statistically (p < 0.05).
ANOVA test followed by Tukey’s post hoc test.

Table 5
Seminiferous tubular diameters and seminiferous epithelium height.
Values expressed as mean + SEM.

a.b Different letters indicate groups that differ statistically (p < 0.05).
ANOVA test followed by Tukey’s post hoc test.
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Legend of figure

Figure 1 —Photomicrographs of testis: Control (A), BPA 20 (B and C) and BPA 200
(D) groups. (A) Normal aspect of the seminiferous epithelium; (B) Sertoli cell
vacuolization; (C and D) Presence of immature germ cells in the lumen (asterisk). It =
interstitial tissue; L = lumem; Lc = Leydig cells. Hematoxylin and eosin staining. X100

magnification.

Figure 2 — Quantitative analysis of immunohistochemistry for Ki-67.
*** Groups that differ statistically from control (p < 0.001) by One way ANOVA
followed by Tukey’s post test.

Figure 3 - Immunohistochemistry for Ki-67 on testis from Control (A and B), BPA 20
(C and D) and BPA 200 (E - H) groups. (A — D) Primary spermatocytes are the
labeled cells (arrow). (E and F) Only spermatogonias are the labeled cells (head of
arrow). (G and H) Note both type of cells, primary spermatocyte and spermatogonia,
are labeled. 100X magnification (A, C, E, G) and 400X (B, D, F, H).



Table 1.

Control BPA 20 BPA 200
Initial body weight 87.66 +3.14 88.59 + 3.09 89.08 + 2.56
(¢)]
Final body weight 243.69 + 8.13 227.79 + 459 242.35 +5.79
(9)
Testis (Q) 1.24 +0.03 1.17 +0.02 1.27 +0.03
Testis (g/100gq) 0.51 +0.01 0.51 +0.00 0.53+0.01
Seminal vesicle 0.57 £0.03 0.50 £0.04 0.58 £0.04
(full) (9)
Seminal vesicle 0.23+0.01 0.22 +0.02 0.24 +0.01
(full) (9/100g)
Seminal vesicle 0.34 +£0.02 0.32 +£0.03 0.32 +0.02
(empty) (9)
Seminal vesicle 0.14 £0.00 0.14 £0.01 0.13 +£0.00
(empty) (g/1009)
Vas deferens (g) 0.07 £0.01 0.07 £0.00 0.07 £0.00
Vas deferens 0.03 +£0.00 0.03 +£0.00 0.03 £0.00

(9/100g9)
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Table 2.

Control

BPA 20

BPA 200

Normal morphology

Abnormal morphology

Isolated head

Head without
characteristic
curvature

Isolated tail

Broken tail

77.8[72.75—-81.05] 2

22[18.5-27.37] 2

10.37 [6 -11.87] @

8.05[7.25-12.62] @

1.45[0 — 3.87]

3.02[2-3.95]

39.15 [30.62 — 47.5] ®

61 [52.75 — 69.37] b

11.4[7.37 - 14.12] @

37.2[30.37 — 44.75]

10.5 [0.85 — 27.5] ®

1.75[0.5 - 2.37] @

32.1[6.5-49]°

67.85[51—93.5]°

7.5[3.37-12.5]2

32.6 [21.25 — 41.25]

23.1[3.37 — 47.12) ®

4,40[0.87 — 6.12] @
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Table 3.

Control BPA 20 BPA 200
Normal tubules 90.6 +1.69 @ 64.8+3.35° 66.2 +1.39°
Abnormal tubules 94+£1.69°% 35.2+3.35° 34+1.65°
Immature germ cells in the 1.8+0.58°2 20.6 +3.28° 22.2+2.08°
lumen
Acidophilic cells 0.00+0.002 3+0.77° 1.2+048%2
Vacuolization 7.6+1.16% 11.2+1.35%2 104 +1.28*2
Sertoli cell number per 28.5+0.452 16.98 +0.51° 17.34 +0.51°

seminiferous tubule
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Table 4.
Control BPA20 BPA200
I-VI 37.6 £2.11° 38.8+0.80°2 31+3.16°%
VIl — VIl 45+1.87°2 444 +£2.292 50.8+3,2472
IX = XIll 11+1.04%2 9.6 + 0.40 3P 7.8+0,73°
XIV 44+04°2 52+131°2 10.4+0.2°
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Table 5.
Control BPA 20 BPA 200
Seminiferous tubules 273.45+296°% 276.54 +2902 27156 +2.78 2
diameters
Seminiferous 8558+1.072 87.75+1.07°2 91.55+1.03°

epithelium height
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6. ARTIGO 2

Exposicao ao Bisfenol A altera o desenvolvimento po6s-natal do epididimo em ratos
na peripuberdade em associa¢do com a inflamacao

Bisphenol A exposure alters postnatal development of the epididymis in
peripubertal rats in association with inflammation

Este Artigo serd submetido a revista Toxicology Letters
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Abstract

Bisphenol A (BPA) is a synthetic non-steroidal estrogen widely used in the
production of plastic products which can be released into the environment, and
ingested. BPA can cause alterations in the endocrine system of humans and
animals at varied stages of development. Puberty is characterized by a period
of many morphological, hormonal and behavioral changes, during which the
completion of the development of organs such as the epididymis also occurs.
Therefore, this study aimed to evaluate the effects of BPA on the postnatal
epididymal development of rats during the peripubertal period. For this study,
mMale Wistar rats, 36 PND (postnatal days) were weighed and randomly
distributed into three groups: control group that received vehicle (corn oil and
1% DMSO), and two groups were treated with BPA (20 ug /kg or 200 pg/kg).
Rats were treated during 30 consecutive days via gavage. Feed and water were
provided ad libitum. Rats (66DPN) were anesthetized with a combination of
xylazine and ketamine and euthanized through cardiac puncture in the 31%
experimental day. The epididymis were removed, weighed, divided into
caput/corpus and cauda sections, and used for sperm count, histopathological
and stereological evaluation, inflammatory cell profile (myeloperoxidase activity
- MPO and N-acetylglucosaminidase - NAG), immunohistochemistry for IL-6
and evaluation of anion superoxide levels and malondialdehyde (MDA). The
results showed that exposure to BPA did not affect the epididymal weight,
sperm count, sperm transit, anion superoxide levels or MDA. MPO activity in the
caput/corpus and cauda regions of the epididymis revealed a significant
increase with the dose of 200 pg/kg, compared to the other experimental

groups. However, the NAG activity in both the caput/corpus and cauda of the
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epididymis was similar in all the experimental groups. Associated with this, an
increase was observed in labeling intensity for IL-6 at both doses of BPA. Under
these experimental conditions, it is concluded that BPA alters postnatal
epididymal development evidenced by the onset of inflammation and
remodeling of tissue components, which can cause epididymitis and alter the
sperm maturation process, consequently reducing the breeding capacity of the

individual.

Keyword: bisphenol A, epididimys, inflammatory, peripubertal period, rats

Abbreviations: PND, post natal day; C, Control group; BPA20, Bisphenol A
20ug/kg, BPA200, Bisphenol A 200ug/kg, MDA, malondialdehyde; TBARS,
thiobarbituric acid reactive species; TBA, thiobarbituric acid; DSP, daily sperm
production; ERa, estrogen receptor alfa; ERB, Estrogen receptor beta; AR,
androgen  receptor; MPO, Myeloperoxidase, @ NAG, N-acetyl-b-D-

glicosaminidase.
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1. Introduction

Many exogenous agents interact with the human organism, and some of
them can impair body varied functions (Schiavini et al., 2011). Bisphenol A
(BPA, 4,4-dihydroxy-2,2-diphenylpropane) is an example of such agents. BPA
is considered a non-steroidal synthetic estrogen widely used in the production
of polycarbonate plastic and as an additive to other types of plastics. BPA is a
component of daily products including dental sealants components, interior
lining of food cans, and baby products (baby bottles, cups) (Groff, 2010).
Heating, acidic and basic conditions accelerate ester hydrolysis bond that
connects monomers of BPA leading it’s to the release (Burridge, 2003). One of
the most prominent consequences of BPA is the potent endocrine disruption
(Maffini et al., 2006).

It is known that BPA exerts its effects at very low doses similar to values
reached in environmental exposure (VomSaal, 2005). The accumulation of BPA
in the male reproductive system generates clinical implications since exposure
to low doses of BPA during the fetal period has been shown to decrease the
efficiency in sperm production in male rats offspring (VomSaal et al., 1998).

Exposure to one or more endocrine disruptors in the postnatal phase can
cause temporary or even permanent damage to the male reproductive system.
In this context the peripubertal period (PND36-66) is a large window of
vulnerability to the action of toxic agents (Johnson et. al., 1997). In this period
the maturation of the hypothalamic pituitary testicular initiates and consequently
the start of the reproductive cycle (Ojeda; Urbanski, 1994). Evidence shows
that BPA exerts many effects on the male reproductive system with prominent

role in the decline in the quality and quantity of human semen (Colborn et al.,
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2003). It has been shown that BPA (20ug / kg) causes a decrease in epididymal
weight in male rats with 45PND (Chitra et al., 2003). In addition, BPA causes a
decrease in sperm counts and motility in the epididymis in concentrations as
low as 10ug / kg in rats (PND56) during six consecutive days (Tiwari, Vanage,
2013).

ROS play an important role in the defense against pathological
conditions, however, their excessive generation of oxygen free radicals can
cause tissue damage (Kitas et al.,, 1991). BPA has the ability to induce the
production of ROS (reactive oxygen species) leading to oxidative stress, tissue
injury and cell death (Ho et al., 1998). There is evidence that the presence of
high levels of ROS leads to lipid peroxidation of the sperm membrane, which
can decrease motility (Irvine, et al., 2000), the melting capacity with the oocyte
(Aitken, 1994) and sperm capacitation (Aitken et al., 2004). The toxicity ROS in
mammals has been related to increased hydroxyl radical formation and
decreased levels of endogenous antioxidants in the epididymal tissue of rats
(Richter et al., 2007). Chitra et al. (2003) also observed diminishing of
antioxidant enzymes and increased lipid peroxidation and hydrogen peroxide in
the epididymis at a dose of 20ug/kg of BPA.

Furthermore, BPA (2.5 and 3.0ug/kg/day) can modulate the immune
function in relation to the production of cytokines and antibodies (Sawai et al.
2003; Yoshino, et al., 2003). BPA at a dose of 5mg/kg/day subcutaneously for 5
days in adult rats caused significantly decreases in the innate host response
and IL-6 production (Sugita-Konishi et al., 2003). It also interferes with the
acquired immunity causing an increase of Th1 response in a dose 30ug/kg/day

of BPA in adult male rats DBA1/J characterized by increased concentration of
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IFN-y (Yoshino et al., 2003). In contrast, 25mg BPA results in a significant
increase of Th2 response characterized by increased IL-4 production (Lee et
al., 2003). These contrasting effects might be a result of the dose and time of
exposure to BPA. Additionally, BPA binds to estrogen receptors and the
expression of estrogen receptors by lymphocytes depends on age and strain
(Lamason et al., 2006).

Despite the information presented above, it remains to be determined the
effects of BPA in the epididymal in postnatal conditions and inflammatory
status. Therefore, the present study evaluated the effects of BPA in the

postnatal development of epididymis during the peripuberal period of rats.
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2. Materials and Methods
2.1Animals

Male rats of Wistar strain (30 days old) were provided by the Central
Animal House, Londrina State University (CCB-UEL), Parana, Brasil. Animals
were acclimated to the new environment for five days before the beginning of
the experimental period. During the experiment, animals were allocated in
polypropylene cages (43 x 30 x 15 cm) under light and dark (12 h light/dark
photoperiod, lights swiched off at 07:00 am), and controlled temperature
(x23°C) and provided with standard commercial laboratory chow and tap water
ad libidum. Experimental procedures were in accordance with the Ethical
Principles in Animal Research adopted by the Brazillian College of Animal
Experimentation and were approved by the Ethics Committee on Animal Use of

State University of Londrina (CEUA/UEL protocol number 10156.2013.59).

2.2 Experimental design

Male rats (PND 36) were randomly assigned to three experimental
groups of 15 animals each: Control (C), Bisphenol A 20ug/kg (BPA 20) and
Bisphenol A 200ug/kg (BPA 200). These doses were selected according to
Toyama et al. (2004) and administered from PND 36 to PND 66; peripubertal
period according to Ojeda et al. (1980). Thus, the animals were orally treated
(gavage) with 20 or 200ug/kg body weight of BPA (CAS no. 80-05-7, Sigma-
Aldrich Co®., USA) diluted in 1% dimethyl sulfoxide (DMSO)/ 99% corn oil-
vehicle, or alone solution vehicle to control group. LD50 value of BPA is 2 g/kg
in male rats (Bakker et al., 2014). Therefore, BPA doses used in this study were

considered as low doses.
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2.3 Preparation of solution of Bisphenol A
Bisphenol A (BPA, 4,4’-di-hidroxi-2,2-difenilpropano) of purity was
obtaned from (CAS no. 80-05-7) Sigma-Aldrin Co®, USA. BPA was dissolved in

DMSO and solubilized in corn oil and stored protected from light.

2.4 Epididymis collection

At the end of treatment, rats were anesthetized with a combination of
ketamine (Sedomin® 10%, Avellaneda, Argentina) and xylazine (Anasedan®,
Paulinia, Brazil), weighed and killed. Epididymis was removed and their weight
(absolute and relative to body weight) was determined. Epididymis were used
for sperm counts (n=7/group), inflammatory profile (n=05/group), oxidative
stress evaluation (superoxide anion and MDA levels; n=05/group), and
histopathological, = immunohistochemistry = and  stereological analysis

(n=5/group).

2.5 Sperm count and sperm transit time in epididymis

The epididymis was used to count spermatozoa according to the method
described by Robb et al. (1978) with the adaptations described by Fernandes et
al. (2007). Epididymis were weighed soon after collection followed by
homogeneization in 5 mL of NaCl 0.9% containing Triton X 100 0.5% (SIGMA,
St. Louis, USA) and sonication for 30 s. After 10-fold dilution, sample was
transferred to Newbauer chambers and late spermatozoa were counted (4 field
per animal). To calculate sperm transit time through the epididymis, the number

of sperm in each portion was divided by DSP (daily sperm production).
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2.6 Histopathological and stereological analysis

The epididymis was removed, fixed in METACAN, embedded in
Paraplast® and sectioned at 5 um, these sections were stained with
hematoxylin and eosin (HE) and underwent general histopathological
examination as described by Favareto et al., 2011.

Histopathological inspection was be performed qualitatively in caput-
corpus and cauda. The duct of epididymis (caput-corpus) was evaluated per
animal using Opton microscope (100X and 400X magnification).

For stereological analysis of the epididymis, 10 random epididymal cross-
sections per animal were captured and analyzed. This analysis was performed
by means of Weibel's multipurpose graticulate, with 120 points and 60 test lines
to compare the relative proportion among the epididymal compartmental

(epithelial, stroma and lumen) in the experimental groups.

2.7. Myeloperoxidase (MPO) activity

The neutrophil recruitment to the epididymis was evaluated by MPO
kinetic-colorimetric assay (Bradley et al., 1982; Casagrande et al., 2006). First
epididymis were separated at caput/corpus and cauda and were homogeneized
using a Tissue Tearor (Biospec) in ice-cold KoHPO4 buffer (400 pL, 50 mM, pH
6.0) containing HTAB (0.5% weight/volume), and the homogenates were
centrifuged (16,100g 2 min 4 C). The supernatants (30 pL) were mixed with
K>HPO4 buffer (200 uL, 50 mM, pH 6.0) containing o-dianisidine dihydrochloride
(0.0167%, weight/volume) and hydrogen peroxide (0.05%, volume/volume). The

absorbance was determined after 5 min at 450 nm (Multiskan GO
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ThermoScientific). The results of MPO activity are expressed as the number of
neutrophils per mg of tissue by using a standard curve of neutrophils (196—

400,000 cells).

2.8 N-acetyl-b-D-glicosaminidase (NAG) activity

The determination of NAG activity at epididymis was performed as
previously described (Hohmann et al., 2013). Briefly, the supernatants (20 pL),
obtained in the MPO activity assay, were placed in a 96-well plate and mixed
with KoHPO4 buffer (80 uL, 50 mM, pH 6.0). The reaction was initiated by the
addition of KaHPOg4 buffer (100 pL, 50 mM, pH 6.0) containing 4-nitrophenyl N-
acetyl-b-D-glicosaminidase substrate (2.24 mM). The plate was incubated at
37° C for 10 min, and glycine buffer (100 uL, 0.2 M pH 10.6) was added. The
enzymatic activity was determined spectrophotometrically at 400 nm (Multiskan
GO ThermoScientific). The results of NAG activity are expressed as the number
of macrophages per mg of tissue by using a standard curve of macrophages

(196-400,000 cells).

2.9 Quantification of superoxide anion

Superoxide anion production was evaluated in tissue homogenates as
previously described (Hohmann et al., 2013). Briefly, the homogenates (50 pL)
were mixed with NBT solution (100 pL, 0.1% in ddH20, weight/volume) and
incubated in 96-well plates at 37° C for 1 h. The agueous mixture was removed
carefully from the wells, and the formazan precipitate was solubilized by adding
KOH (120 pL, 2 M) and DMSO (140 uL) solutions in each well. The absorbance

was measured at 600 nm (Multiskan GO Thermo-Scientific). The weight of each
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sample was used for data normalization, and the results are expressed as NBT
reduction (OD at 600 nm).
2.10 Lipid peroxidation measurement by malondialdehyde (MDA)
formation

One mL of reaction medium containg 1 % TBA was added to samples to
form MDA-(TBA). complexes, and the proteins were precipitated with 1 mL of
28 % trichloroacetic acid. Samples were mixed by vortexing, incubated for 15
min in a boiling water bath, and transferred to an ice bath. The organic phase
was extracted with 2 mL of butanol and centrifuged at 850xg for 20 min. The
supernatants were read in a spectrophotometer at 535 and 572 nm, and results
were calculated based on the difference in absorption at these wavelengths and

expressed as MDA (umol/mg of protein).

2.11 IL-6 immunochemistry detection in the epididymis

Silanized slides containing 5 microns sections (2 slides per animal 5
animals per group) underwent deparaffinization process, and the sections were
rehydrated in alcohol series, and to display and antigen retrieval were incubated
in citrate buffer 0.01M at pH 6.0 for air in a microwaves for 30 minutes.
Afterwards, sections were incubated in 3% H20, to block endogenous
peroxidase and nonspecific binding was blocked by incubating the sections in
blocking solution at room temperature. Primary polyclonal Abcam AB6672
antibody for the IL-6 was diluted in 1% BSA (1:200) and applied to the sections
overnight at 4°C. Bound antibody was detected with Novolink Polymer
Detection Systems (Leica Microsystems, Wetzlar, Germany). Secondary

labeled polymer (Rabbit-on-Rodent HRP Polymer — Biocare Medical) was
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applied for 30 min at room temperature. Peroxidase activity was detected using
a diaminobenzidine chromogen mixture (Novolink Polymer Detection Systems).
Sections were lightly counterstained with Harris’ hematoxylin and photographed
with a Opton photomicroscope (100x magnification) and BELview software

(version 6.2.3.0 for Windows). Epididymal sections were available qualitatively.

2.11 Statistical analysis

Parametric results were statistically analysed by one-way ANOVA
followed by post hoc Tukey test. Non-parametric results were statistically
analysed by Kruskall-Wallis test with the Dunn post hoc. Differences were
considered significant when p<0.05. The statistical analyses were performed by

GraphPad Instat (version 3.01).

3.0 Results
3.1 Weight of epididymis, sperm number and sperm transit time in the
epididymis

Exposure to BPA did not significantly alter the epididymal weight among
the experimental groups (C = 0.29 + 0.01, BPA20 = 0.29 £ 0.00, BPA 200 =
0.30 £ 0.01 — Meant SEM). The table 1 shows the results from sperm count,
sperm concentration and sperm transit through the epididymal portions
caput/corpus and cauda. BPA did not alter sperm count, sperm concentration

and sperm transit (Table 1).

3.2 Histopathological and stereological analysis of the epididymis
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The qualitative analysis of the epididymal histopathology (Figure 1)
showed an increase of the inflammatory infiltrate in strom and epididymal lumen
in BPA200 group compared to vehicle and BPA20 groups (Figure 1).
Furthermore, it was observed the presence of around cells, immune system
cells and multinucleated cells in the epididymal lumen, in addition to sperm, in
both BPA20 BPA200 groups, predominantly in the caput/corpus region while in
the control group these cells were not observed. The epithelial tissue appeared
to be normal in all the groups.

The stereological analysis (Table 2) showed that BPA in both dose
caused a significant increase in the epithelial compartmental while the higher
dose caused a significant decrease in stroma compartmental from 2A
caput/corpus region compared to control group. Moreover, in 5A/B cauda region
BPA200 caused a significantly increased of the epithelial compartmental, but

the lumen significantly decreased compared to the control.

3.3 Inflammatory profile: myeloperoxidase (MPO) and N-acetyl-b-D-
glicosaminidase (NAG) activity
The MPO activity in the regions caput/corpus and cauda from epididymis
revealed a significant increase at 200ug/kg BPA in relation to other
experimental groups (Figure 2 A-B). On the other hand, NAG activity was not
altered in the epididymal caput/corpus and cauda compared to vehicle group

(Figure 2 C-D).

3.3.1 Quantification of superoxide anion and malondialdehyde (MDA)
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Both doses of BPA did not alter the levels of anion superoxide (Figure 3
A-B) and MDA (Figure 3 C-D) in the epididymal compartments caput/corpus or

cauda compared to vehicle group.

3.4 Immunohistochemical detection of IL-6
The immunoreactivity for IL-6 was stronger in the epididymal epithelium
cells (caput/corpus and cauda) in both BPA doses (Figure C-E) compared to

control group , staining was moderate (Figure 4 A-B).

4. Discussion

Environmental contaminants such as BPA (Wetherill et al., 2007) can be
harmful to human reproduction system (Mantovani, 2006). The present data
demonstrate that BPA alters postnatal epididymal development related to
inflammatory response and tissue remodeling, which can cause epididymitis
and alter the sperm maturation process, consequently reducing the breeding
capacity of rats.

In vitro studies have demonstrated a variety of molecular pathways by
which BPA can trigger a cellular response. As it is considered a non-steroidal
estrogen, BPA exerts its effects through the estrogen receptors (ER) (Matthews
et al.,, 2001). Thus, it can act by mimicking, amplifying or inhibiting estrogen
activity, and may also act as an antagonist of androgens (Wetherill et al., 2007).
It is known that differentiation of specific regions of the epididymis occurs during
the postnatal development of the organ, from postnatal days (PND) 15-44 under
the influence of androgens (Turner et al., 2003). In this period the participation

of ERa and ERf also occurs (Zaya et al., 2012). Thus any oscillation or even
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androgenic and estrogenic interference during this period can prejudice
epididymal development and reduce fertility.

The maintenance of epididymal weight, sperm count and transit in the
epididymis (caput/corpus and cauda) corroborate each other. In contrast, Chitra
et al. (2003) observed a decrease in the epididymal weight of pubescent rats
(DPN45) exposed to BPA20ug/kg. Similarly, Wisniewski et al. (2015) observed
slow sperm transit throughout the epididymis when rats were exposed to high
doses of BPA (5 and 25mg/kg) over a period of 40 days.

Although the weight of this organ was not altered, the stereological
analysis demonstrated that the highest dose prejudiced epididymal
development, since it caused remodeling of proportions of epididymal
compartments, principally the epithelial. It has been suggested that BPA is
connected to estrogen receptors (ER) (Matthews et al., 2001) or antagonizes
the effects of androgens as described for the prostate (Wetherill et al., 2002).
ERa and ERB are expressed from DPN21 to adulthood, aiding in epididymal
development (Zaya et al., 2012).

The presence of rounded cells in the lumen of the epididymal duct of
animals exposed to BPA could be cells that have broken off the epididymal
epithelium or immature germ cells originating from the testicle. Although the
origin of these cells is not known, data not yet published from our laboratory
demonstrated the presence of rounded cells in the lumen of the seminiferous
tubules of male rats (PND 67) exposed to BPA. This hypothesis is also
suggested for the origin of multinucleate cells; however they could have
originated from mutations. Tiwari et al. (2013) found DNA damage in sperm and

germ cells after exposure to BPA. The immune system cells present in the
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lumen of the epididymal duct may have originated from the stroma where
inflammatory cell infiltrates were detected only at the highest dose of BPA.
According to Naito et al. (2013) many inflammatory cells emigrated into the
lumen of the epididymis of neonatal mice (3 weeks) exposed to 17-B3-estradiol
cypionate for 8 weeks.

Although there are no previous studies evaluating the inflammatory
profiles in the epididymis after exposure to BPA, Brandt et al. (2014) showed
multifocal inflammatory infiltrate in the ventral prostate of rats exposed to 25
and 250ug/kg BPA from gestational day (GD) 10 until GD21. In this context, we
found that the higher dose of BPA tested caused significant neutrophil
recruitment, as evidenced by higher MPO activity, indicating the presence of
acute inflammatory response. This event may compromise epididymal
development and the fertile capacity of the individual and lead to epididymitis.
Macrophages are often observed in both the epithelium and in the interstitial
tissue of the epididymis and are commonly identified as epithelial cells of halo
sections (Dym and Romrell, 1975; Ritchie et al, 1984; Flickinger et al, 1997;
Serre and Robaire, 1999). Resident macrophages upon stimulation produce
cytokines such as IL-6, IL-8, which assist in neutrophil recruitment (Colic et al.,
2010) playing an important role in the regulation of responses to antigens in the
microenvironment. Naito et al. (2013) also observed inflammatory neutrophils
and macrophages in the epididymis in neonatal mice exposed to B-estradiol 17-
cypionate (0.02mL). indicating a chronic inflammation. In the present study was
not observed change in the activity of macrophages, neutrophils just, showing
that BPA exposure for 33 days caused acute phase of inflammation

Furthermore, the high intensity of immunostaining for IL-6 in animals exposed to
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BPA confirms and corroborates the present study regarding results of
histopathology and MPO activity, Since IL-6 is an acute-phase proinflammatory
cytokine that participates in neutrophil chemotaxis directly, or may induce
production of mediators that are direct neutrophil chemoattractants in these

inflammatory processes  (Heinrich et al., 1990; Sato et al., 1996).

5. Conclusion

BPA alters postnatal epididymal development in rats during the
peripubertal period, which may lead to alterations in sperm maturation and
consequently fertility. Our data confirm that the peripubertal period is a period of
extreme sensitivity to endocrine disruptors such as BPA, even at low doses.
However, due to the lack of previous studies on the subject, future studies
should be conducted to determine the mechanisms by which BPA causes the

alterations found and whether they are persistent.
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3 Legend of tables

Table 1
Sperm number, sperm concentration and sperm transit time through epididymis.
Values expressed as Mean + SEM. ANOVA test, with the post hoc Tukey test; p
> 0.05.

Table 2
Epididymal stereological analysis
Values expressed as median [Q1 — Q3].

Kruskal-Wallis, with post hoc Dunn test; p<0.05.
&b Different letters indicate groups that differ statistically
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Legend of the figure

Figure 1 - Histopathological analysis of caput and cauda epididymidis.

Photomicrograph of caput (A, B, E and 1) and cauda (C, D, F, G and H)
epididymis sections from Control (A), BPA 20 (B, C, F and G) and BPA 200 (D,
E, H and I) groups. (A) Epithelium, lumen and stroma with normal aspect. (B, C
and D) Note the presence of around cells (thin arrow) and multinucleated cells
in the lumen (head of arrow). (E) Observe the immune cell in lumen (thick
arrow) (F - 1) Shows greater magnification of image B, C D and E, respectively.
L = lumem; S = Strom; Ep = Epitelium. Hematoxylin and eosin stain.
Magnification X100 (A — E), X400 (F - I).

Figure 2 — Number of neutrophils and macrophages in caput/corpus and
cauda epididymis.

Number of neutrophils (A and B) and macrophages (C and D) in caput/corpus
(A and C) and cauda (B and D) epididymis measured by MPO (for neutrophils)
and NAG (for macrophages) activity. Values expressed as mean +* SEM.
ANOVA test, with the post hoc Tukey test. * p<0,05.

Figure 3 — Quantification of superoxide anion and lipid peroxidation.
Quantification of superoxide anion in caput/corpus (A) and cauda (B) epididymis
by reduction of NBT. Lipid peroxidation measured by malondialdehyde (MDA)
levels in caput/corpus (C) and cauda (D) epididymis. Values expressed as
mean + SEM. ANOVA test.

Figure 4 — Immunohistochemistry analysis to IL-6 of epididymis.
Photomicrograph of caput epididymis sections from Control (A and B), BPA 20
(C and D) and BPA 200 (E and F) groups. (A and B) Not marked epithelium. (C
- F) Labeled cells in epithelium. (B, D and F) Shows greater magnification of
image A, C and E, respectively. L = lumem; S = Strom; Ep = Epitelium.
Hematoxylin and eosin stain. Magnification X100 (A, C and E), X400 (B, D and
F).
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Table 1.
_ BPA 20ug/kg BPA 200ug/kg
Control (n=7) (n=7) (n=7)
Sperm number in
caput/corpus epididymal 25.54 + 4.43 25.73 £ 2.96 32.98 +5.39
(x109)
Sperm number in cauda ¢ 564 369 22.64 +2.76 28.73 £ 7.42

epididymal (x10°/g)

Sperm concentration in
caput/corpus epididymal
(x108/g)

Sperm concentration in
cauda epididymal (x10°)

Sperm transit time in
caput/copus epididymal
(day)

Sperm transit time in tail
epididymal (day)

373.21 +72.53

340.86 + 37.42

1.34 +0.20

0.84+0.14

293.13 + 33.07

400.94 £ 51.29

1.54 +£0.20

1.30+0.16

248.90 + 50.60

432.26 + 82.96

1.97 £0.40

1.77 £0.54
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Control (n=5)

BPA 20ug/kg (n=5)

BPA 200ug/kg (n=5)

Caput (2A region)

Epithelial 28.87 [24.25 - 34.23] 2
Lumen 41.37 [30.65—-54.17] @
Stroma 23.51[17.26 — 34.67] 2

Cauda (5A/B region)

Epithelial 34.22[29.76 — 40.48] @
Lumen 39.88[34.37 — 45.53] @
Stroma 24.70 [17.56 — 29.76] 2

33.04 [29.31 — 40.33] ®
44.05 [36.90 — 50.00] 2

20.83 [13.09 — 27.38] ®

33.33[27.38 — 42.55]
40.18 [29.91 — 51.34]

22.32[13.39 - 34.08] #

35.12[29.02 — 41.67] ®
46.29 [40.48 — 54.91] @

18.15 [12.05 — 22.92] b

42 .56 [36.46 — 52.68] °
28.57 [20.24 — 44.94] P

21.43 [15.62 — 31.40]
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Figure 1.
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Figure 2.
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Figure 3.
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Figure 4.
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7. CONSIDERACOES FINAIS

Nestas condi¢cdes experimentais, conclui-se que o bisfenol A é
toxico para o desenvolvimento pdés-natal do sistema reprodutor masculino
durante o periodo peripuberal, uma vez que muitos parametros avaliados nos
testiculos e epididimo foram alterados. Essas alteracbes podem levar a
problemas de fertilidade no individuo na fase de maturidade sexual, caso sejam

persistentes, ou ainda, originarem outras.





