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RESUMO

Os metais podem apresentar graves consequéncias sobre o desenvolvimento do sistema
reprodutivo masculino, diretamente, quando prejudicam 6rgdos reprodutivos especificos, ou
indiretamente, quando provocam uma reacdo no sistema neuroendocrino. Entre eles, o
aluminio (Al) é o metal mais amplamente distribuido no ambiente sendo o terceiro elemento
mais abundante na crosta terrestre. A puberdade compreende um periodo de complexo
desenvolvimento sexual, envolvendo mudancas fisicas, comportamentais e hormonais, através
das quais ocorre a maturacao sexual e a obtencdo da capacidade reprodutiva. As investigacdes
em humanos e em animais experimentais tem encontrado associagéo entre a exposic¢ao ao Al e
a toxicidade do sistema reprodutor masculino em adultos, porém, pouco se conhece sobre 0s
efeitos desse metal durante o periodo peripuberal. Dessa forma, o objetivo deste trabalho foi
avaliar se a exposi¢do ao cloreto de aluminio (AICIs), durante o periodo peripuberal, pode
afetar o desenvolvimento testicular e prostatico em ratos. Ratos machos Wistar foram
divididos em trés grupos experimentais, sendo dois grupos tratados com AICIs (em solucgéo
salina estéril 0,9%) nas doses de 7 mg/Kg (grupo AL7) ou 34 mg/Kg (grupo AL34) de peso
corporeo via intraperitoneal do dia pos natal (DPN) 36 ao 66 (periodo peripuberal). O terceiro
grupo (controle) recebeu apenas o veiculo. Ao final do periodo experimental, os animais
foram anestesiados, pesados e submetidos a eutanasia. Foram avaliados peso dos 6rgdos
reprodutivos: testiculo, epididimo, prostata, glandula seminal e ducto deferente; morfologia
espermatica e producdo didria de espermatozoides (PDE); histopatologia e morfometria
testicular e prostatica, contagem de célula de Sertoli e marcacdo imunohistoquimica para
receptor de andrégeno (AR) nos testiculos; contagem de mastdcitos na préstata; avaliacdo da
atividade de mieloperoxidase (MPO) e N-acetyl glicosidase (NAG) e determinacdo dos niveis
de citocinas IL1-B, IL-6, IL-10 and TNF-a nos testiculos e IL-6 na prostata; dosagem de
testosterona plasmatica. Nao foram observadas diferencas no peso dos 6rgdos reprodutivos,
dosagem de testosterona, e numero de mastocitos. Os animais do grupo AL34 apresentaram
diminuicdo no peso corpdreo, contagem espermatica e PDE em comparacdo aos demais
grupos. A morfologia espermatica mostrou-se alterada nos animais do grupo AL7 comparado
com os demais grupos experimentais. Houve diminui¢do no namero de células de Sertoli e no
namero de células de Sertoli imunomarcadas para AR nos testiculos no grupo AL34 em
relacdo aos demais grupos experimentais. As analises histopatoldgicas dos testiculos
mostraram aumento significativo no nimero de tubulos seminiferos anormais nos animais do
grupo AL34. A atividade de MPO foi elevada nos testiculos e prostatas dos animais AL34.
Nos testiculo, houve aumento da citocina TNF-o no grupo AL34 e aumento de IL-10 no
grupo AL7. N&o houve diferenca significativa na analise morfométrica dos testiculos entre 0s
grupos experimentais. As analises estereologicas na prostata demonstraram aumento no
estroma e diminui¢do no lumen dos animais do grupo AL7 e AL34. Dessa forma, podemos
concluir que o cloreto de aluminio, durante o periodo peripuberal, na doses de 7 mg/Kg e 34
mg/Kg prejudica os parametros espermaticos e o desenvolvimento testicular e prostatico em
ratos.

Palavras-chave: Cloreto de aluminio. Peripuberdade. Testiculo. Prostata.
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ABSTRACT

Metals can promove serious consequences on the male reproductive system, directly, when
targeting specific reproductive organs, or indirectly, when acting in the neuroendocrine
system. Aluminum (Al) is the most widely distributed metal in the environment and is the
third most abundant element in the earth's crust. Puberty comprises a complex sexual
development, involving physical, behavioral and hormonal changes, through which sexual
maturation and the attainment of reproductive capacity occur. Investigations in humans and
experimental animals have found association between exposure to Al and toxicity of the male
reproductive system in adult experimental animals however little is known about the effects of
this metal during the development of this system. Thus, the objective of this study was to
evaluate whether exposure to Aluminum Chloride (AICI3) during the peripuberal period may
affect testicular and prostatic development in rats. Male Wistar rats were divided into three
groups: two groups were treated with aluminum chloride (AICI; — diluted in sterile 0.9%
saline buffer) at doses of 7 mg/kg or 34 mg/kg of body weight, i.p., during the peripubertal
period (postnatal day PND 36-66). The control group received only the vehicle. At 67 PND
the rats were anesthetized and euthanized. The following were evaluated: weight of the
reproductive organs, testis, epididymis, prostate, seminal vesicle and vas deferens; Sperm
morphology and daily sperm production (DSP); testicular and prostatic histopathology and
morphometry; Sertoli cell count and immunohistochemical labeling for androgen receptor
(AR) in the testis; Mast cell count in the prostate; Myeloperoxidase (MPO) and N-acetyl
glycosidase (NAG) activity and determination of IL1-B, IL-6, IL-10 and TNF-o cytokines in
the testes and IL-6 in the prostate; Plasma testosterone dosage. No differences were observed
in reproductive organ weight, plasma testosterone levels, and number of mast cells in the
prostate. The animals in the AL34 group had a decrease in body weight, sperm count and
PDE in comparison to the other groups. The sperm morphology was altered in the AL7 group
compared to the other experimental groups. There was a reduction in the number of Sertoli
cells and Sertoli cells nucleous stained for AR, in the AL34 group, in relation to the control
and AL7 groups. Histopathological analyzes of the testis showed a significant increase in the
number of abnormal tubules in the AL7 animals. MPO activity was elevated in the testis and
prostate of AL34 animals. In the testis, there was an increase in TNF-a cytokine in the AL34
group and an increase in IL-10 in the AL7 group. There was no significant difference in the
morphometric analysis of the testis between the experimental groups. Stereological analyzes
in the prostate demonstrated an increase in the stroma and a decrease in lumen of the AL7 and
AL34 group. Thus, we conclude that aluminum chloride, during the peripuberal period, at
doses of 7 mg/kg and 34 mg/kg affects sperm parameters and testicular and prostatic
development in rats.

Key words: Aluminum chloride. Peripuberty. Testis. Prostate.
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1 INTRODUCAO
1.1 Sistema Genital Masculino em adultos

O sistema genital masculino humano, bem como em roedores, ¢ formado por
testiculos (gonadas), tubulos retos, epididimos, ductos deferentes, glandulas sexuais
acessorias e orgao copulador (pénis) (MOORE; PERSAUD, 2012).

Os testiculos sdao oOrgdos pares localizados em uma bolsa musculo cutanea
denominada escroto que estd situada fora da cavidade abdominal. Morfologicamente, os
testiculos sdo envoltos pela tinica albuginea e compostos por tubulos seminiferos e tecido
intersticial que, respectivamente, sdo responsaveis pela espermatogénese e esteroidogénese
(RODRIGUEZ; FAVARETTO, 1999). Fisiologicamente esse 0rgdo essencialmente executa
duas fungdes: producdo de espermatozoides e biossintese de hormodnio esteroides sexuais
(RATO, 2012).

Em humanos, a tinica albuginea ¢ compactada na superficie posterior do testiculo e
constitui o mediastino, do qual partem septos fibrosos que formam compartimentos
denominados lobulos do testiculo. Nos lobulos dos testiculos sdo encontrados grande
quantidade de finos e longos ductos, os tubulos seminiferos. Estes tibulos estdo alojados
dentro de um tecido conjuntivo frouxo, o tecido intersticial, rico em vasos sanguineos e
linfaticos, nervos, células de Leydig, macrofagos e mastocitos (RUSSEL et al.,1990,
JUNQUEIRA; CARNEIRO, 2012) (Figura 1A).

Diferentemente dos humanos, o rato adulto ndo apresenta 16bulos nos testiculos,
sendo este constituido por 20 tubulos seminiferos ¢ quantidade escassa de tecido conjuntivo.
Ao final dos tabulos seminiferos existem areas de epitélio de transi¢cdo denominado tiibulos

retos que conectam os tubulos seminiferos a rede testicular (FOLEY, 2001) (Figura 1B).



13

A B

Rede
testicular

Tubulos
seminiferos

Epidididmo

é‘ \ Ducto

deferente
P ﬁ,{f{/ Tanica

 Tabulos ilbuginea

seminiferos

albuginea

Figura 1. Anatomia testicular e epididimaria em humanos (A) e em ratos (B), mostrando
a localizagdo dos tubulos seminiferos, epididimo e ducto deferente. Note a presenca da
rede tescular no testiculo de rato (modificado de COOKE; SAUNDERS, 2002, BERNE;
KOEPPEN; STANTON, 2009).

Nas diferentes espécies de mamiferos hd grande variagdo no ndmero e nas
dimensdes (didmetro e comprimento) dos tubulos seminiferos (FRANCA; RUSSEL,
1998), porém, de maneira geral, a maior parte dos mamiferos estudados apresenta cerca
de 10 a 15 metros de comprimento de tabulo e um valor entre 180 a 300 um para o
didmetro tubular (ROOSEN ERUNGE, 1977).

Os tabulos seminiferos sdo constituidos de um Iumen central revestido por um
epitélio seminifero especializado, contendo duas populacdes celulares distintas: as células
de Sertoli somaticas e as células espermatogénicas ou germinativas (espermatogonias,
espermatdcitos primarios e secundarios e espermatides). O epitélio seminifero é envolto
por uma lamina basal e uma parede formada por fibras colagenas, fibroblastos e células
mioides contrateis (KIERSZENBAUM, 2004). Esta parede externa do tubulo seminifero
é chamada de tlnica prépria (STEVENS; LOWE, 1999) (Figura 2).
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Figura 2 — Epitélio seminifero. Representacdo esquematica de parte de um tubo

seminifero e dos tecidos intersticiais. No tubo seminifero estdo representadas as células
de Sertoli com as células germinativas associadas em diferentes estados de maturacéo
(modificado de LEITE et al., 2012).

A espermatogénese € um processo bioldgico complexo que envolve a
diferenciacdo celular para producédo de células germinativas haploides a partir de células
tronco espermatogoniais diploides (FRANCA; RUSSEL, 1998). As ceélulas
espermatogénicas sdo uma populacdo em constante processo de proliferacdo composta
por células em varias fases de um complexo processo de diferenciacdo (ROSS et al.,
1993).

Nos mamiferos, a espermatogénese e dividida em trés fases: proliferativa ou
mitotica, meidtica e espermiogénica. A fase proliferativa tem a finalidade de aumentar o
nimero da populacdo das células tronco espermatogoniais, sendo assim, as
espermatogonias do tipo A (diploides), que estdo localizadas no compartimento basal do
tibulo seminifero, sofrem mitose e diferenciam-se para formar espermatogonias tipo B
(diploides), estas diferenciam-se em espermatocitos primarios (diploides) (WONG E
CHENG, 2005). Os espermatécitos primarios sofrem meiose | dando origem a

espermatécitos secundarios (haploides), que sofrem meiose Il formando espermatide
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(haploides) que ndo se separam completamente apds a meiose, mas permanecem unidas
por pontes intercelulares, que persistem durante todas as fases da espermatogénese, e sdo
importantes para facilitar interagcdes bioguimicas e a sincronia na maturacdo das células
germinativas (AGARWAL; SHARMA, 2013). Por fim, durante a espermiogénese, as
espermatides haploides esféricas diferenciam-se em espermatozoides alongados com sua
cromatina plenamente condensada. Durante este processo as espermatides sofrem
alteragdes morfologicas que incluem formacdo da vesicula acrossomal, perda do
citoplasma e desenvolvimento do flagelo, e passam a ser denominadas espermatide
tardias. Estas, por sua vez, rompem suas pontes citoplasmaticas desligando-se do epitélio
germinativo tornando-se células livres na luz do tdbulo seminifero — os espermatozoides
(HESS; FRANCA, 2003, MRUK; CHENG, 2015, AGARWAL; SHARMA, 2013).

O controle enddcrino da espermatogénese se da pela atividade neuroenddcrina
ao longo do eixo hipotdlamo-hipofise-testiculo. No homem, bem como em primatas
superiores, esse processo compreende 3 fases distintas, com a dura¢do de meses a anos
(RAMASWAMY; WEINBAUER, 2014). A primeira fase é denominada neonatal-
infantil que apresenta atividade no eixo hipotalamo-hipofise-testiculo porem sem
atividade espermatogénica. A segunda é a fase juvenil-infantil caracterizada pelo repouso
do eixo hipotalamo-hipdfise-testicular. Na fase final, a atividade do eixo hipotalamo-
hipdfise-testicular € reiniciada e acompanhada pela iniciacdo do processo
espermatogénico e da puberdade (PLANT, 2005, RAMASWAMY; WEINBAUER,
2014). Em roedores, a atividade do eixo hipotaldmico-hipd6fise-testicular inicia-se
imediatamente apds o parto, resultando, na rapida diferenciacdo das espermatogonias,
conclusdo da primeira onda de espermatogénese na puberdade e finalmente
estabelecimento da idade adulta em torno do terceiro més de vida
(RAMASWAMY; WEINBAUER, 2014).

Em mamiferos, a duragdo total da espermatogénese, baseada em 4,5 ciclos
espermatogénicos — sequéncia repetitiva de varias geracOes celulares, e dependentes de
uma acdo hormonal -, varia aproximadamente entre 30 a 78 dias (CHENG, 2012). A
espermatogénese € iniciada atraves do controle hormonal no hipotdlamo, este secreta o
hormonio liberador de gonadotrofinas (GnRH), que por sua vez estimula o lobo anterior
da hipofise (adenohipofise) a liberar os hormoénios luteinizante (LH) e foliculo
estimulante (FSH) (AGARWAL; SHARMA, 2013) (Figura 3). O LH age nas células de
Leydig estimulando a producao e liberacdo de andrdgenos, principalmente a testosterona

que é indispensével ao desenvolvimento normal das células da linhagem germinativa. A
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testosterona é essencial para a manutencdo da espermatogénese em diferentes niveis: na
auséncia de testosterona ou do receptor de androgénio (AR), a formacdo da berreira
hemato-testicular (BHT) é comprometida, as células germinativas tornam-se incapazes
de progredir além da meiose e os espermatozoides maduros nao séo liberados das células
de Sertoli. O comprometimento de qualquer um destes processos dependentes da
testosterona resulta na falha de espermatogénese e infertilidade (WALKER, 2010,
RAMASWAMY, 2014).

O FSH age nas células de Sertoli, estimulando a producdo da proteina de ligacéo
a andrégenos (ABP). O complexo andrégeno-ABP é transportado ao Iimem dos tabulos
seminiferos e sdo responsaveis por manter altos os niveis de andrdgenos préximos as
células germinativas (JUNQUEIRA; CARNEIRO, 2012, AGARWAL; SHARMA,
2013). Em roedores, o FSH é essencial para o desenvolvimento na fase peripuberal e o
completo desenvolvimento das células de Sertoli, sendo que, a auséncia desta
gonadotrofina, nessa fase de desenvolvimento, afeta a espermatogénese
quantitativamente, resultando na diminuicdo da producéo de espermatozoides no adulto
(RAMASWAMY, 2014).

Cérebro
¢ Hipotdlamo
Inh/b/ng
‘\.x»‘_ = Ve , Esrrad/ol
e FSH
« ; ; f
A GnRH V)
\ N7
Adenohipéfise Tubulos seminiferos
\ Estradiol

N Testosterona

A

\ @\\:Celulas de Leydig
~ Testosterona

Figura 3 — Controle enddcrino na reproducdo masculina. Representacdo
esquematica do eixo hipotadlamo-hipéfise-testiculo e o sistema de feedback hormonal
(modificado de AGARWAL E SHARMA, 2013).

Aproximadamente 40% de massa do epitélio dos tabulos seminiferos sdo

constituidos de células de Sertoli. Cada célula de Sertoli faz contato com cinco outras
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células de Sertoli e com cerca de 40-50 células germinativas (AGARWAL; SHARMA,
2013). As células de Sertoli constituem uma populacdo que nao se prolifera apos a fase
adulta, compostas por um unico tipo celular, sedo que em ratos sua multiplicagdo comeca
por volta dos 19-20 dias de gestacdo e cessa por volta do 15° dia po6s-natal (DPN)
(SHARPE, 1994). No microscopio de luz sdo facilmente reconhecidas devido ao seu
nucléolo evidente. O citoplasma se estende da regido basal ao lumen do tubulo seminifero,
e as células de Sertoli adjacentes estao interconectadas por junc¢des de ocluséo. As jungdes
de oclusdo basolaterais sdo os componentes que determinam a BHT, que protege 0s
espermatozdides em desenvolvimento e as espermétides das reagfes auto-imunes
(KIERSZENBAUM, 2004). Além disso, existem varios pontos de comunicacao entre as
células de Sertoli e as células germinativas em desenvolvimento, que Sao necessarios para
a manutencdo da espermatogénese dentro um ambiente hormonal apropriado
(AGARWAL; SHARMA, 2013).

Basicamente as funcdes das células de Sertoli sdo: dar suporte fisico as células
espermaticas, secretar as proteinas inibina e activina, secretar a proteina de ligacao a
androgenos (ABP), proteger e nutrir as celulas espermatogénicas em desenvolvimento,
fagocitar células espermatogénicas degeneradas e 0 excesso de citoplasma oriundo das
espermatides em fase de diferenciacéo, secretar um fluido rico em ions e proteinas no
limen do tdbulo seminifero, participar na regulacdo do ciclo espermatogénico e da
compartimentalizacdo do epitélio seminifero. (RUSSEL; GRISWOLD, 1993, SHARPE,
1993, KIERSZENBAUM, 2004, AGARWAL; SHARMA, 2013).

No rato, a BHT comeca a agregar-se entre 15 e 16 DPN e esta completamente
formada entre os dias 18 a 21 DPN, coincidindo com o periodo em que as células de
Sertoli cessam sua divisdo (CHENG, 2012). Os espermatozoides sdo produzidos a partir
da puberdade, dessa forma, ndo sdo reconhecidos pelo sistema imunoldgico que
desenvolve-se durante o primeiro ano de vida. A BHT fornece um microambiente para
espermatogénese ocorrer em um local imunoprivilegiado.

A BHT funcional é formada por trés componentes: uma barreira anatbmica
responsavel por restringir a entrada de moléculas e células germinativas do
compartimento basal, que estd em estreito contato com os endotélios dos vasos
sanguineos linfaticos; uma barreira imunoldgica que regula o transito das células do
sistema imunologico e o nivel de citocinas no epitélio seminifero; e uma barreira
fisioldgica (composta por transportadores e os canais das membranas) que € altamente

dindmica para satisfazer as necessidades das células germinativas e de Sertoli. Em
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conjunto, estes componentes sdo essenciais para a funcdo da BHT: criar um
microambiente responsavel para o desenvolvimento adequado de células germinativas e
dos espermatozdides (WONG; CHENG, 2005, RATO, 2012)

As células de Leydig estdo presentes em agregados no espaco intertubular nas
proximidades de vasos sanguineos e linfaticos e sdo as principais responsaveis pela
sintese de testosterona no organismo. Outros tipos de células, tais como fibroblastos,
macrdéfagos e um pequeno numero de mastocitos também estdo presentes no espaco
intertubular (KIERSZENBAUM, 2004). As células de Leudig apresentam uma cito-
arquitetura tipica de uma célula secretora de esteroides: reticulo endoplasmatico liso bem
desenvolvido, goticulas lipidicas além de inGmeras mitocondrias com cristas tubulares
caracteristicas. Sdo facilmente observadas ao microscopio de luz, pois além de serem as
células predominantes no espaco intertubular, apresentam morfologia arredondada ou
poligonal com nucléolo central proeminente (STEVENS; LOWE, 1999, JUNQUEIRA;
CARNEIRO, 2012)

Os tabulos seminiferos se convertem formando a rede testicular, estes d&o
origem aos ductulos eferentes que formam um tubulo Unico, altamente enovelado, o
epididimo, que se liga em sua porcéo final ao ducto deferente. O comprimento do ducto
epididimario pode variar de acordo com a espécie, sendo de 1 metro em camundongos, 3
metros em ratos e 3 a 6 metros em humanos (ROBAIRE et al., 2006). O epididimo nos
mamiferos adultos é revestido por epitélio pseudo-estratificado colunar com estereocilios
e rodeado por fibras musculares lisas, cujas contracGes peristalticas permitem o
movimento dos espermatozoides ao longo do ducto. As células que constituem o epitélio
sdo classificadas como: células principais, estreitas, apicais, basais, claras e do halo, sendo
a primeira a mais abundante. (JUNQUEIRA; CARNEIRO, 2004, CORNWALL, 2009).

As células principais sdo as mais abundantes, constituindo cerca de 80% do
epitélio, e sdo responsaveis pela producdo da maior parte das proteinas secretadas no
limen. As juncdes de oclusdo entre essas células sdo responsaveis pela formacdo da
barreira hemato-epididimaria, proporcionando um ambiente imuno protegido. As células
estreitas e apicais participam da acidificacdo do lumen atraves da secre¢édo de prétons. As
células claras, por sua vez, sdo células fagocitérias e parecem participar da limpeza de
proteinas advindas do lumen epididimario. As células basais sdo o segundo tipo celular
mais abundante no epitéelio do epididimo e ndo estdo em contato com o Iimen. Embora a
funcdo exata destas células ainda ndo esteja bem esclarecida, alguns resultados mostram

que elas podem ter um papel importante nos processos imunes do epitélio e na regulagédo
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da secrecdo de eletrdlitos pelas células principais. Por fim, as células halo parecem ser as
células imunes primarias no epididimo (ROBAIRE et al., 2006, CORNWALL, 2009,
ARROTEIA et al., 2012, DACHEUX; DACHEUX, 2015).

Em humanos, o epididimo pode ser dividido em trés regifes: cabeca, corpo e
cauda. Em algumas espécies, como no rato, ha também o seguimento inicial proximo a
regido da cabeca do epididimo. Cada regido do epididimo realiza funcdes especificas e
distintas. (CORNWALL, 2009).

Os espermatozoides produzidos nos testiculos sao morfologicamente completos,
porém imoveis e incapazes de fecundar o ovoécito |1 (DACHEUX; DACHEUX, 2015).
Dessa forma, além da funcdo primaria de transporte dos espermatozoides, o epididimo
exerce um importante papel sobre a maturacdo espermatica, sendo um local onde ocorrem
modificacbes na membrana do espermatozoide, além de atuar sobre a regulacdo da
motilidade, capacidade de sofrer a reagdo acrossémica, reconhecimento e fusdo com o
ovécito. Outra importante funcdo do epididimo é a estocagem dos gametas masculinos e
a protecdo destes contra espécies reativas de oxigénio (ROS) (CORNWALL, 2009,
ARROTEIA et al., 2012, SULLIVAN; MIEUSSET, 2016)

A maturacgdo envolve mudangas morfoldgicas e bioquimicas na superficie dos
espermatozoides em resposta as secrecdes epididiméarias de enzimas, proteinas e
glicoproteinas, essenciais ao processo de fertilizacdo (ARROTEIA et al., 2012). Esse
processo abrange uma interacdo altamente estruturada entre a lamina propria e o epitélio
epididimario, fluido luminal e os espermatozoides. As principais alteragdes sdo na
dimensdo e aparéncia do acrossoma e nucleo, migragdo da gota citoplasmética e
alteracGes estruturais de organelas citoplasmaticas, além de modifica¢cbes na membrana
plasmatica dos espermatozoides (KEMPINAS, CORNWALL, 2009, KEMPINAS,
KLINEFELTER, 2010;).

O epididimo é um o6rgdo andrégeno dependente. A testosterona e a di-
hidrotestosterona estdo envolvidas tanto na maturagdo quanto no trénsito dos
espermatozoides atraves do ducto epididimario. A testosterona produzida pelas células de
Leydig liga-se a ABP segregada pelas células de Sertoli no limen dos tubulos
seminiferos. Esse complexo € transportado ao fluido epididimario, sendo rapidamente
endocitado pelas células principais (SULLIVAN; MIEUSSET, 2016). A privacdo de
androgenos pode resultar em apoptose das células epiteliais e reducdo no diametro dos
ductos epididimario, sendo que, essas alteracGes permanecem até o reestabelecimentos
dos niveis normais desse horménios (KEMPINAS; KLINEFELTER, 2010).
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Os espermatozoides sdo armazenados na cauda do epididimo, sendo rapidamente
transportados para a uretra por contrac@es peristalticas da musculatura do ducto deferente
(BERNE; KOEPPEN; STANTON, 2009, MOORE; PERSAUD, 2012).

O ducto (ou vaso) deferente € uma estrutura tubular com um Iimen estreito,
envolto por uma espessa camada muscular circular e longitudinal, partindo da cauda do
epididimo até a uretra prostatica onde libera seu contetdo. Préximo a regido da prostata,
esse ducto se dilata dando origem a ampola no qual as vesiculas seminais liberam seu
contetdo. O Segmento que entra na prostata € chamado ducto ejaculatério. (BERNE;
KOEPPEN; STANTON, 2009, JUNQUEIRA; CARNEIRO, 2012).

As glandulas seminais sdo constituidas por dois tubulos tortuosos que produzem
uma secrecdo amarelada rica em substancias importantes para os espermatozoides como
frutose, citrato, prostaglandinas e vérias proteinas (JUNQUEIRA; CARNEIRO, 2012).
Sua mucosa ¢é forrada por epitélio cuboide ou pseudoestratificado colunar rico em
granulos de secrecdo. A lamina propria é rica em fibras elasticas envolvida por uma fina
camada de musculos lisos. (GONZALES, 2001, BERNE; KOEPPEN; STANTON, 2009,
JUNQUEIRA; CARNEIRO, 2012).

A secrecdo da glandula seminal pode promover a motilidade e aumentar a
estabilidade da cromatina do espermatozoide e suprimir a atividade imune no sistema
genital feminino para evitar a rejeicdo de espermatozoides e embrides (em caso de
fertilizacdo) que possuem antigenos estranhos as mulheres (GONZALES, 2001).

Juntamente com a glandula bulbouretral, a préstata é responsavel por cerca de
40-30% do restante do fluido seminal, sendo esta, responsavel pela produgéo de citrato,
zinco, espermina e fosfatase, bem como o antigeno prostatico especifico (PSA), que
liquefaz o sémen coagulado apds minutos. Por sua vez, a glandula bulbouretral é
responsavel pela liberacdo de muco que lubrifica, limpa e tampona a uretra (BERNE;
KOEPPEN; STANTON, 2009, JUNQUEIRA; CARNEIRO, 2012).

Embora desenvolva funcdo semelhante, a anatomia prostatica varia entre
mamiferos. Em humanos, embora esteja presente, os l6bulos prostaticos nado sdo
demarcados, dessa forma, esse Orgao apresenta-se como uma glandula Unica com
diferentes regides. Diferentemente dos humanos, em roedores, a prostata é segmentada
em lobos (ventral, dorsolateral, e anterior — também denominado glandula coaguladora).
Em animais jovens, os lobos laterais e dorsais sdo facilmente identificaveis (MARKER,
et al., 2003). Os ductos da prdstata desembocam na porc¢do da uretra que cruza a prostata,

chamada uretra prostatica.
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A prostata humana € formada por um conjunto de 30 a 50 glandulas tubulo-
alveolares ramificadas, sendo distribuidas em trés zonas distintas: zona central, composta
por 25% do volume da glandula, zona de transi¢do e zona periférica que possui o restante
da glandula (SHAPPELL, et al., 2004, LEE et al., 2011, JUNQUEIRA; CARNEIRO,
2012).

A prostata € uma glandula altamente dependente de andrégenos, sendo estes,
cruciais na manutencdo do tecido prostatico, podendo regular o crescimento e
diferenciacdo dos diferentes tipos de células epiteliais, direta ou indiretamente, via
estroma (AUMULLER; SEITZ, 1990). Os efeitos dos andrdgenos sdo mediados pela
ativacdo do receptor de androgeno (AR). No tecido prostatico normal o AR é expresso
em altos niveis nas células do epitélio secretor e em um subconjunto de células
musculares lisas do estroma (ROY-BURMAN, 2004). A préstata também responde a
estrogenos através de receptores de estrogénio (ERa e ERP) expressos no epitélio e no
estroma prostatico, porém ERp parece ser um regulador fisioldgico do crescimento e
diferenciacéo epitelial da prostata, estando presente no epitélio, onde € coexpressado com
0 AR (WEIHUA et al., 2001, CUNHA et al, 2002).

Em humanos, o pénis é composto pela uretra e trés corpos cilindricos de tecido
erétil, envolvidos por pele. Em roedores, este 6rgao é formado por dois corpos cavernosos
penianos e um corpo cavernoso uretral (CHIASSON, 1969). O corpo cavernoso é
constituido por tecido erétil com auréolas calibrosas, revestidas por uma espessa camada
de tecido conjuntivo denso, a tunica albuginea (MURAKAMI; MIZUNO, 1986). No rato,
0 pénis apresenta um 0sso peniano localizado centralmente na glande (HEBEL,;
STROMBERG, 1976). Ao chegar na uretra os espermatozoides estdo envolvidos em um

liquido seminal, o sémen, o qual é ejaculado no lumen vaginal.

1.2 Puberdade e desenvolvimento p6s-natal do sistema genital masculino

A puberdade compreende um periodo de complexo desenvolvimento sexual,
envolvendo mudangcas fisicas, comportamentais e hormonais, através das quais ocorre a
maturacdo sexual e a obtencdo da capacidade reprodutiva (GOLUB et al., 2008). Tais
mudancas ocorrem em decorréncia de uma série de eventos que resultam na maturagao
do eixo hipotalamico-hipofisatio-gonadal e consequentemente no inicio do ciclo
reprodutivo da espécie (OJEDA; URBANSKI, 1994). Nesse periodo acontecem
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 secre¢do de LH
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e FSH (OJEDA; URBANSKI, 1994). No rato macho, o desenvolvimento p6s-natal tem
sido classificado em quatro fases: neonatal (dia pos-natal, DPN, 1 — 7), Infantil (DPN 8-
21), juvenil (DPN 22-35), peripuberal (DPN 36 — 55 ou 65) e adulto (a partir do DPN 66),
onde atinge sua maturidade sexual (CLEGG, 1960, OJEDA et al., 1980). Durante a
peripuberdade, a espermatogénese e a esteroidogénse ainda ndo estdo totalmente
estabelecidas (JOHNSON et al, 2000).

Na fase peripuberal importantes eventos sdo observados, tais como leve reducéo
na proliferacdo e desenvolvimento das células germinativas, aumento nos niveis de
testosterona e proliferacdo de células de Sertoli em humanos (SHARPE, 2010,
O’SHAUGHNESSY, 2015).

Em ratos, as primeiras espermatides maduras no testiculo sdo encontradas no
DPN 40, enquanto nos epididimos os espermatozoides sdo observados apenas no DPN
50. Com base nestes relatos, o rato macho pode atingir a puberdade por volta de 50 dias
de idade, sendo que, aos 70 dias apresenta maxima producéo de espermatozoides (ROBB
etal., 1978). Como a espermatogénese e a esteroidogénese ainda nao estdo totalmente, a
peripuberdade caracteriza-se como uma fase critica do desenvolvimento reprodutivo e
alteracBes nesses eventos pode acarretar sérios prejuizos e comprometer a reproducdo do
individuo na vida adulta (JOHNSON et al., 1997).

1.3 Cloreto de Aluminio

Reconhecidamente, ndo existem referéncias com relacdo a existéncia do
aluminio (Al) antes do inicio do seculo X1X. Em 1825 este metal foi isolado em sua forma
elementar pelo fisico dinamarqués Hans Oersted (SIGEL; SIGEL, 1988). Atualmente, o
aluminio é considerado o terceiro elemento mais abundante na crosta terrestre, ocorrendo
naturalmente no meio ambiente na forma de silicatos, dxidos e hidréxidos, combinados
com outros elementos, tais como sodio e fldor, e na forma de complexos com a matéria
organica (AZEVEDO, 2003, IPCS, 2007). Dotado de extrema versatilidade, o aluminio
metalico apresenta praticamente ilimitadas possibilidades de aplicacdo. O primeiro setor
industrial em importancia na utilizacdo desse metal é o de transporte. O pé de aluminio é
utilizado em tintas e como revestimento em fogos de artificio. O uso medicinal de
aluminio é muito antigo e esta relacionado a sua acdo no combate a disenteria e no alivio
das manifestacdes de Ulcera gastrica, sendo amplamente utilizado em antiacidos, aspirinas
tamponadas, vacinas e antitranspirante (SUTHERLAND; GREGER, 1998, EXLEY,
2012). Além disso, a contaminacdo de aluminio também tem sido relatada em aditivos de
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nutricdo parenteral, solugdes intravenosas, dialises, emulsdes lipidicas e farmacos infantis
(FERNANDEZ-LORENZO et al., 1999, POPI'NSKA et al., 1999, EXLEY, 2013).

As formas mais relevantes de exposicdo ao Al sdo por meio da ingestdo desse
composto em alimentos e na agua, sendo a taxa de absor¢édo intestinal cerca de 0,2%,
além da inalagdo de particulas finas presentes no ar (PRIEST etal., 1988, GOMEZ, 2008).
Estima-se que a ingestdo média semanal do Al em humanos adultos, a partir de alimentos
e bebidas seja de 14 a 280mg. No entanto, este valor varia de acordo com a composi¢ao
dos alimentos, do pais e local de residéncia, sexo e idade (IPCS, 2007). As fontes
antropogénicas diretas de compostos a base de aluminio sdo primariamente a atmosfera
associada com processos industriais, como a metalurgia. Contudo, o uso de aluminio em
compostos a base de aluminio em embalagens, estocagem de produtos alimentares e ainda
como floculantes no tratamento de agua potavel pode contribuir para sua presencga na agua
e nos alimentos (AZEVEDO, 2003). Além disso, o crescimento da prevaléncia de chuva
acida resultante da queima de combustiveis fosseis pode efetuar a descarga de grandes
quantidades de sais de Al a partir de minerais insollveis, levando a uma maior
disponibilidade desse elemento no ambiente (SMITH, 1996)

Os impactos da intoxicacdo do aluminio (Al) na satde humana tém sido cada
vez mais alarmantes nos Gltimos anos, no entanto seu papel no metabolismo celular ainda
ndo foi esclarecido. Compostos de Al sdo conhecidos por serem tdxicos para plantas
(KOCHIAN; JONES, 1995) e animais (SPARLING; CAMPBELL, 1997) e tém havido
grande preocupacdo em relagdo aos efeitos potencialmente negativos do metal sobre a
salde humana (KLEIN et al., 2014).

1.4 Relacdo entre Cloreto de Aluminio e o Sistema Genital Masculino

As investigagdes em humanos e em animais experimentais tém evidenciado
associacédo entre a exposicdo ao Al e a toxicidade do sistema reprodutor masculino. Altos
teores de Al observados em testiculos, células de Leydig, espermatozoides, sangue e
urina, foram associados com a diminui¢cdo da qualidade e viabilidade seminal em
humanos (EXLEY; ESIRI, 2006, KLEIN, 2014). O estudo de GUO et al. (2005a) mostrou
que a exposicao ao cloreto de aluminio na dose de 13 mg/Kg de peso corporal durante
duas semanas diminuiu 0s niveis de testosterona no plasma e nos testiculos em
camundongos adultos. Os autores sugerem que a reducdo severa na libido masculina e na
fertilidade ap6s a administracdo de aluminio pode ser resultado da acumulacéo excessiva

de aluminio nos testiculos e nas baixas concentracdes de testosterona.
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Estudos recentes evidenciam que a ingestdo de uma quantidade excessiva de
compostos de aluminio desencadeia lesdo de tecido testicular (YOUSEF;, SALAMA,
2009). Estes autores observaram diminui¢do no peso de testiculos, vesicula seminal e
epididimo, diminuig&o da concentragdo e motilidade espermética, aumento no nimero de
anormalidades espermaticas e diminui¢do nos niveis de testosterona em ratos adultos
tratados com 34 mg/Kg de AICIz por um periodo de 60 dias. Além disso, aumento do
nivel de aluminio no semen de camundongos e ratos foi correlacionado com a diminuicéo
da motilidade e viabilidade espermatica, bem como a produgdo de testosterona,
comportamento sexual e fertilidade (GUO; LU 20052 YOUSEF et al., 2007). ERO
gerados a partir da administracdo de Cloreto de aluminio (AICI3) podem ser responsaveis
pela diminuicdo da qualidade do sémen em camundongos adultos apds a administracao
de 7, 13 e 35 mg/Kg durante duas semanas (GUO et al. 2005b, GUO et al., 2009);

A administragdo de AICIs (34 mg/Kg) durante 30 dias em ratos adultos levou a
pequenas alteragbes degenerativas nos tabulos seminiferos com focos de células em
necrose. Este resultado mostrou-se agravado em animais cujo tempo de exposi¢do ao
AICI3 foi aumentado para 45 e 60 dias, no qual foi observado intenso edema intersticial
(MOSELHY etal., 2012).

HALA et al. (2010) relataram que a administracdo de AICIz (20 mg/Kg) durante
70 dias, em ratos adultos, causou grave congestdo e edema intersticial. Os autores
atribuiram tais resultados a alteracbes na permeabilidade dos vasos sanguineos
testiculares devido ao extresse oxidativo induzido pela exposicao ao AIClz. Além disso,
os autores relataram que os efeitos do AICIs sobre as células germinativas podem estar
relacionados a sua capacidade de atravessar a barreira hematotesticular causando danos
nas membranas biologicas dos testiculos (LATCHOUMYCANDANE; MATHUR,
2002).

A qualidade ideal do sémen humano esté diretamente associada a concentracéo
satisfatoria de antioxidantes e niveis baixos de ERO no organismo (LEWIS et al., 1997,
ESKENAZI, 2005). Em altas concentracdes, as ERO sdo extremamente toxicas para as
células, pois levam a peroxidacdo lipidica, danos a molécula de DNA e degradacéo
protéica afetam diversas moléculas bioldgicas (SUN, 1990). Estudos tém mostrado que o
Al pode induzir alteracGes na atividade de um nimero de antioxidantes bioldgicos, tais
como a superdxido desmutase, catalase, e glutationa peroxidase, que tém um papel
importante na protecdo do testiculo e do espermatozoide contra danos peroxidativos

(MOUMEN et al., 2001). Outro mecanismo que pode estar envolvido no estresse
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oxidativo induzido pelo Al é a peroxidacdo lipidica. O Malondialdeido (MDA) é um
indicador da peroxidacdo lipidica em testes laboratoriais bem conhecido e encontra-se
aumentado em testiculos e epididimo apds exposi¢do ao Al (YOUSEF; SALAMA, 2009,
HALA et al., 2010).

1.5 Sistema Genital Masculino e Inflamacéo

A inflamacdo € uma resposta complexa a diversos agentes nocivos, como
microorganismos e células danificadas, que consiste em respostas vasculares, migracao e
ativacao de leucdcitos e reacdes sistémicas. A inflamacao destrdi, dilui ou isola o agente
nocivo e desencadeia uma série de eventos que tentam curar e reconstituir o tecido
danificado (KUMAR et al., 2005). Essa resposta protetora causa dor, calor, rubor, tumor
(inchago) e/ou perda de funcdo, sendo que a nédo resolucéo da inflamagéo crénica culmina
em patologias, incluindo cancer e fibrose (KARIN; CLEVERS, 2016).

Nas sociedades desenvolvidas, estima-se que entre 5% e 10% da infertilidade
masculina de etiologia conhecida tem suspeita do envolvimento inflamatério ou auto-
imune, que engloba a formacdo de anticorpos contra espermatozoides, orquite
(inflamacdo no testiculo), epididimite e epididimo-orquite, e pelo menos alguma
infertilidade "idiopatica" (HEDGER, 2011).

E bem estabelecido que infecgdes sistémicas podem ter consequéncias sobre a
funcdo reprodutora masculina, por consequéncia da atividade de células antimicrobianas
e suas secrecOes e pelo dano celular. Indiretamente, mediadores inflamatérios como
interleucina-18 (IL-1p), interleucina 6 (IL-6), Oxido nitrico (ON), fator de necrose
tumoral alfa (TNF-a) e espécies reativas de oxigénio (ERO) podem atuar sobre o eixo
hipotalamico-hipofisario-testicular (HEDGER, 2011).

Evidéncias sugerem que reguladores inflamatérios possuem um papel chave na
espermatogénese e no desenvolvimento das células germinativas, sendo produzidos no
testiculo em condigdes normais pelas células germinativas e somaticas, dessa forma,
infeccdo e inflamacéo sao capazes de afetar o epitélio seminifero (O’ BRYAN et al., 2000,
LIEW et al, 2007). Células do sistema imune como mondcitos, macrofagos, células
dendriticas, células T e T reguladoras (Treg), células natural Killer e mastocitos,
juntamente as células de Leydig, Sertoli e da linhagem germinativa ajudam na
manutencdo da espermatogénese (MRUK; CHENG, 2015)

Os testiculos sdo classificados como orgdos “imunoprivilegiados”, nesses

6rgdos, os tecidos vitais sdo protegidos de respostas imunes prejudiciais. As células
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germinativas sdo protegidas dos ataques do sistema imunolégico em condigdes
fisioldgicas, 0 que é essencial para a espermatogénese normal e a fertilidade (HEDGER,
2012, CHEN; DENG; HAN, 2016). Diversos mecanismos estdo envolvidos na prevencéo
de doencas auto-imunes nos testiculos: a) A BHT, que limita o acesso das células imunes
intersticiais aos antigenos das células germinativas e a passagem de anticorpos do espago
intersticial para o lamen tubular; b) secrecao de fatores imunossupressores principalmente
por macréfagos, celulas peritubulares, células de Sertoli e de Leydig; ¢) um numero
escasso de células T, principalmente CD8+; d) presenca de células T reguladoras (Tregs)
(JACOBO et al., 2011).

Nos testiculos, os macréfagos residentes constituem a linha de frente da defesa
inata contra infeccdes microbianas do sangue circulante e representam cerca de 20% de
todas as células intersticiais. Essas células possuem baixa capacidade para producao de
citocinas pro-inflamatdrias e apresentam feno6tipos imunossupressores. Diversos estudos
clinicos demonstram que o0 aumento no numero de macrofagos nos testiculos esta
associado com infertilidade masculina (WINNALL et al., 2011, CHEN et al., 2016).
Durante o desenvolvimento de orquite auto-imune experimental (OAE), foi observado
aumento na producdo de TNF-a, IL-6 e interferon (IFN)-y por macréfagos testiculares
(JACOBO et al., 2011).

Os linfdcitos, por sua vez, representam a segunda maior populacéo de leucdcitos
com cerca de 15% dos leucdcitos testiculares em ratos. Sob condigdes fisiologicas apenas
os linfocitos T residem nos testiculos, sendo que, as Tregs favorecem o privilégio
imunoldgico inibindo a ativacdo de células T efetoras (FRUNGIERI et al., 2002, CHEN
etal., 2016). Estudos revelaram gque durante a OAE células CD4+ Thl e Th17 produzem
localmente citocinas pro-inflamatérias (TNF-o, IFN-y e IL-17) que orquestram a
inflamacdo tecidual contribuindo para o recrutamento e ativacao de outras células efetoras
nos testiculos, induzindo apoptose de celulas germinativas e modula¢do da funcéo de
Tregs (JACOBO et al., 2011).

Basicamente, as citocinas podem ser divididas em “pro-inflamatorias e anti-
inflamatorias”, baseado em sua variedade de agdes, porém, muitas citocinas podem
apresentar um papel mais ambiguo. A IL-1 é uma citocina pré-inflamatéria que ocorre
em duas isoformas capazes de se ligarem ao mesmo receptor e exercer efeitos semelhantes
(DINARELLO, 1996; HEDGER; MAINHARDT, 2003). A isoforma IL-1p ¢ sintetizada
como uma molécula precursora inativa de 35kDa, que é proteoliticamente processada em

uma molécula ativa de 17kDa no momento da secrecdo. A interleucina-6 (IL-6) faz parte
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de uma familia de citocinas que atuam através do receptor Gp130, sendo extremamente
importante na regulacdo da inflamacdo e da imunidade (BRAVO; HEATH, 2000,
HEDGER; MAINHARDT, 2003). Essa citocina esta envolvida no processo inflamatdrio
inato e adaptativo, incluindo a ativacdo de células B, resposta inflamatdria de fase adulta
e tombopoiese e pode ser produzida por diversas células incluindo macréfagos, células
endoteliais e linfocitos T (SFANOS, DE MARZO, 2012). No testiculo, a IL-6 é produzida
por células de Sertoli em resposta a estimulacao por FSH, testosterona, neuropeptideos e
corpos residuais e apresenta uma série de efeitos sobre a funcgdo epitelial dos tubulos
seminiferos, incluindo estimulacdo da producdo de transferrina por células de Sertoli, e
inibicdo da sintese de DNA meio6tico em espermatocitos pré-leptoteno (Hakovirta et al.,
1995, HEDGER; AMINHARDT, 2003). O TNF-a é uma citocina citotoxica com
estrutura trimérica, que atua através de receptores (TNFR-1) que medeiam um sinal de
morte celular. Semelhante & IL-1, 0 TNF-a inibe a esteroidogenese das células de Leydig,
e sua localizacdo na regido de células germinativas pos-meidtica também indica possivel
envolvimento no processo de espermatogénese (MEALY, et al., 1990, XIONG; HALES,
1993b, HEDGER; AMINHARDT, 2003). Na OAE, essa citocina tem sido descrita como
principal agente causador dessa patologia. (YULE; TUNG, 1993 HEDGER;
AMINHARDT, 2003).

A apoptose de espermatdcitos e espermatides € uma das principais caracteristicas
durante a OAE. Estudos recentes demonstraram que células germinativas apoptéticas
apresentavam aumento na expressdo de receptores TNFR1, Fas e IL-6R (RIVAL, et al.,
2006; JACOCO et al., 2011). Acredita-se que durante o desenvolvimento da doenca,
citocinas pré-inflamatorias produzidas por células mononucleares intersticiais podem
induzir a apoptose de células germinativas através da interacdo com receptores de morte
nessas células (THEAS, et al., 2008).

No testiculo normal, células somaéticas secretam fatores e citocinas (fator de
crescimento transformante-p (TGF-f), fator estimulador de col6nias de granuldcitos e
macrdfagos (GM-CSF), alfa endorfina, met-encefalina, fator de crescimento semelhante
a insulina-1 (IGF-1)) que inibem reacGes imunes gerando um microambiente
imunossupressor. Em contraste, o recrutamento de células imunes ao intersticio testicular
(principalmente células dendriticas (CDs), macrofafos e células T) e a secrecdo de
citocinas pro-inflamatérias (IL-6, IFN-y, TNF-a, IL-17 e IL-23) ocorrem durante a
inflamacdo induzida por agentes infecciosos ou no desenvolvimento de diversas
patologias como a OAE (THEAS et al., 2008, JACOCO et al., 2011). Algumas dessas
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citocinas atuam sobre moléculas de adesdo alterando a permeabilidade da BHT,
induzindo apoptose de células germinativas (LYSIAK, 2004, LlI, et al., 2006, JACOCO
etal., 2011).

O epididimo, por sua vez, também apresenta uma barreira hemato-epididimaria,
capaz de restringir o movimento de moléculas atraves do epitélio epididimario, porém
essa barreira ndo parece ser analoga nem tdo eficaz como a hemato-testicular (NEILL,
2006, MICHEL et al., 2015). A principal diferenca com o epitélio seminifero é a presenca
de macrdéfagos e linfdcitos no epitélio do ducto epididimal, sendo denominadas células
halo, o que sugere diferencas na imunidade desses dois 6rgaos. Macrofagos e linfécitos
também sdo frequentemente encontrados no tecido intersticial do epididimo (SERRE;
ROBAIRE, 1999, NEILL, 2006, HEDGER, 2011). Estudos recentes evidenciam que o
epididimo parece ser mais susceptivel a inflamacéo e subsequente infiltracdo leucocitaria
que o testiculo, o que foi demonstrado pela observacdo de linfocitos e neutréfilos no
epididimo e ducto deferente em camundongos senescentes (ITOH et al., 1999
HEDGER, 2011). Foi evidenciado que a presenca de 1L-10 colabora na imunoregulacdo
do tecido epidimario, evitando assim, a iniciacdo do processo inflamatorio e danos
espermaticos (VERAJANKORVA et al., 2002, HEDGER, 2011, JRAD-LAMINE et al.,
2013, MICHEL, 2015).

Inflamag@es na préstata sdo consideradas comuns e podem ocorrer por diversos
fatores como infecges, tumores e exposi¢do ambiental. Este 6rgdo possui em seu epitélio
e estroma células imunes como macréfagos, mastocitos e células T e B (DE MARZO et
al., 2007). A citocina IL-6 é conhecida por desempenhar importante papel em diversas
doencas auto-imunes. No cancer de prostata, evidencias apontam que essa citocina
apresenta um papel contributivo na iniciacdo e/ou progressao do cancer podendo atuar na
ativacdo do receptor de androgeno (AR). Estudos in vitro e in vivo demonstraram que a
IL-6 estimula a proliferacdo e inibe a apoptose de células prostaticas tumorais (DE
MARZO et al., 2007, CULIG; PUHR, 2012).
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2 JUSTIFICATIVA

O aluminio (Al) é o metal mais amplamente distribuido no ambiente sendo o
terceiro elemento mais abundante na crosta terrestre. Os compostos de aluminio sdo
usados em produtos farmacéuticos, no processo de tratamento de dgua, em utensilios
domeésticos, em aditivos alimentares e em produtos de consumo. Assim, avaliacdo das
consequéncias da exposi¢cdo humana aos metais tem sido o objetivo de estudo de varias
pesquisas no campo toxicolégico nas ultimas décadas. Os seres humanos séo
inevitavelmente expostos a metais devido a sua disponibilidade na natureza, através da
contaminacdo no ar, 4gua, solo e alimentos. Outro importante meio de contaminagdo por
metais se da por sua ampla utilizacao pelas industrias e por seu longo prazo de persisténcia
no ambiente. As pessoas estdo expostas ao aluminio a niveis acima do normal através da
polui¢do ambiental pelos diferentes compostos de aluminio. Os metais podem apresentar
graves consequéncias sobre o sistema reprodutivo masculino, diretamente, quando visam
6rgdos reprodutivos especificos, ou indiretamente, quando agem no sistema
neuroenddcrino. As investigacdes em humanos e em animais experimentais tem
encontrado associacao entre a exposi¢do ao aluminio e alteragdes do sistema reprodutor
masculino em individuos adultos. Nestes, 0s principais danos causados pela exposi¢ao ao
Al no sistema reprodutor masculino sdo alteragfes nos niveis de testosterona, perda da
integridade da barreira hematotesticular e aumento nos niveis de estresse oxidativo.

Tendo em vista que a maioria dos estudos até o momento foram realizados em
animais em idade adulta, os estudos epidemioldgicos também sdo restritos a humanos
adultose que ndo foram encontrados na literatura dados que demonstrem os efeitos do
Cloreto de Aluminio durante o periodo peripuberal o presente estudo tem grande
aplicabilidade ao avaliar se a exposicdo ao aluminio durante o desenvolvimento
peripuberal do sistema reprodutor masculino trard danos celulares, teciduais ou

hormonais para este sistema, especificamente para os testiculos e a prostata.
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3 OBJETIVOS
Geral:
Avaliar se a exposicdo ao Cloreto de Aluminio durante o periodo peripuberal

poderia trazer prejuizo para o desenvolvimento testicular e prostatico de ratos machos

Especificos:

Analisar alterages no peso dos 6rgdos reprodutivos, bem como a producéo diaria
de espermatozoide, morfologia e histopatologia testicular;

Avaliar a morfologia e histopatologia prostatica e quantificar a testosterona
plasmatica total;

Evidenciar o nimero de receptor de andrégenos nos testiculos e préstata;

Avaliar a migracdo de neutrofilos e macrdfagos no testiculo e na prostata, bem
como, alteragdes nos niveis de citocinas IL-1p, IL-6, IL-10 e TNF-a no testiculo e IL-6
na prostata.

Contribuir com dados sobre os efeitos e mecanismos de acdo da exposi¢do ao Al

no desenvolvimento pos-natal do testiculo e préstata de ratos.
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Abstract

Metals may cause serious consequences to the development and function in male genital
system. Aluminum (Al) is the most widely distributed metal in the environment and this
element has been reported to cause significant impair to the reproductive system in adult
experimental animals. Puberty comprises a complex sexual development to acquisition
of reproductive capacity. This study aimed to assess whether exposure to aluminum
chloride during the peripubertal period could lead to damage of testicular development in
rats. Male Wistar rats were allocad into three groups: two groups were treated with
aluminum chloride (AICIs — diluted in sterile 0.9% saline buffer) at doses of 7 mg/kg
(AL7) or 34 mg/kg (AL34) of body weight, intraperitoneally during the peripubertal
period (postnatal day PND 36-66). The control group received only the vehicle. At PND
67 rats were anesthetized and testis and seminal gland were weighted. The sperm from
the vas deferens were used for sperm morphology, and the testis were used for
histopathological and morfometric analysis, sperm parameters, immunohistochemistry
for androgen receptor (AR), myeloperoxidase (MPQO) and N-acetyl glicosidase (NAG)
activity and cytokine levels (IL1-B, IL-6, IL-10 and TNF-a). Aluminium did not induced
changes in testis, seminal vesicle and vas deferes weights, but decreased the body weight
evolution in AL34 group. Analysis of sperm morphology demonstrated a significant
reduction in the number of normal sperm in the AL7 group. The AL34 group presented a
reduction in testicular sperm count and daily sperm production compared to the other
groups. In the AL34 group, the histopathological analysis showed a significant increase
in the number of abnormal seminiferous tubules and a reduction in the number of Sertoli
cells and Sertoli cells nucleous stained for androgen receptor in relation to the control and
ALY groups. In relation to testicular morfometric and spermatogenesis kinetics there were
no significant difference among groups. There was an increase in MPO activity and TNF-
a dosage in the Al 34 group, while the Al 7 group presented an increase in the level of IL
-10. The other cytokines were similar among groups. We conclude that aluminum
chloride, at both doses, impair sperm parameters and testicular development in
peripubertal rats, and cytokines could be the mechanism action for this toxic substance.

Key words: Testis, aluminium chloride, cytokines, sperm parameters.
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1. Introduction

The aluminium (Al) accumulation is associated with damage to the target
organs (Akinola et al., 2015). In adult male reproductive system through oral, dermal or
intraperitoneal exposure (Guo et al., 2009, Zhu et al., 2014, Berihu, 2015) this metal has
been reported to cause significant decrease in testosterone levels (Guo et al., 2009,
Moselhy et al., 2012), sperm motility and viability (Guo et al., 2009) in addition to severe
damage in the seminiferous tubules and vacuolar degeneration on the spermatogenic and
Sertoli cells cytoplasm in mammals (Guo et al., 2005, Khattab 2007, Moselhy et al.,
2012).

Mechanisms associated with infertility induced by Al have been described.
Several studies have reported Al increases oxidative stress, causes alterations in
membrane funcion, disruption in cell signaling and impairment of blood testis barrier
(BTB) (Gou et al, 2009, Yousef e Salama, 2009, Ige e Akhigbe, 2012).

Puberty comprises a complex sexual development period, involving physical,
behavioral and hormonal changes, which sexual maturation and the attainment of
reproductive capacity. Changes occur as a result of a series of events that result in
maturation of the hypothalamic-pituitary-gonadal (HPG) system and consequently at the
beginning of the reproductive cycle of the species (Golub et al., 2008). In this period,
changes occur in the hormonal profile, specifically in the steroids synthesis and secretion.
Thus, changes in this characteristic events can induce serious harm and compromise the
reproduction of the individual in adult life (Ojeda, Urbanski, 1994, Harden et al., 2014).

There are no studies which analyzed the alterations on male reproductive
system after aluminium exposure in peripubertal animals. Thus, the aim of the present

work was to assess whether exposure to aluminum chloride during the peripuberal period
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could lead to damage to testicular development in rats.

2. Material and methods

2.1 Ethical approval

Experimental procedures were in accordance with the Ethical Principles in
Animal Research adopted by Brazillian College of Animal Experimentation and were
approved by the Ethics Committee on Animal Use of State University of Londrina

(CEUAJUEL protocol number 2430.2015.47).

2.2 Experimental protocol

Male Wistar rats with 30 days old (PND 30) and body weight of
approximately 125 g were used for the study. Animals were obtained from House of
Biological Sciences Center, State University of Londrina (CCB-UEL), Parana, Brazil and
acclimated to the new environment (Laboratory of Toxicology and Metabolic
Dysfunctions of Reproduction) during five days before the beginning of the period
experimental. Rats were allocated in polypropylene cages (43 cm x 30 cm x 15 cm) and
maintained under controlled temperature (23 + 1°C) and lighting conditions (12:12-h
photoperiod). There were provided with standart comercial laboratory chow and tap water
ad libitum. Rats were randomly assigned into three groups (n = 10): Control (C), AL7
(7mg/Kg bw, 1/100LD50) and AL34 (34mg/Kg bw, 1/20LD50). These doses were
selected according to Guo et al. (2006), and administrated from post natal day (PND) 36
to PND 66. The peripubertal period was selected according to Ojeda et al. (1980). Thus,
the animals recieved 7 mg/Kg or 34mg/Kg b.w. AICI; (CAS no. 7446-70-0, Sigma-
Aldrich Co®, USA) injections intraperitonally, diluted in saline buffer 0,9% (vehicle), or

solutions vehicle to control group.
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2.2 Body weight evolution, testis and seminal gland weights

Rats were weighed, twice a week, during the experimental period. In the PND
66 the animals were anesthetized with a combination of ketamine (Dopalen®, Ceva,
Paulinia, Brazil - 10mg/kg, intramuscular) and xylazine (Sedomin®, Konig, Avellaneda,
Argentina - 2mg/kg, intramuscular) and euthanized by diaphragmatic rupture at the 31st
experimental day (PND 67). Testis and seminal gland (without the coagulating gland)
were removed and their weights (absolute and relative to body weights) were determined.
Right testis was used for sperm counts (n=10/group) and left testis for inflammatory
profile (n=5/group) and histological analisis (n=5/group). Spermatozoa from left vas

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

2.3 Mature spermatid number, daily sperm production and sperm
morphology

For mature spermatid number, right decapsulated testes were weighed and
homogenized as described previously by Robb et al (1978), with the adaptations
described by Siervo et al (2015). After dilution of the homogenate, a small sample was
transferred to Neubauer chamber (4 fields per animal) for counting homogenization-
resistant spermatids (stage 19 of the spermatogenesis). To calculate the daily sperm
production (DSP), the number 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
(Robb et al., 1978). For sperm morphology, contents of the vas deferens were removed
by internal rinsing with 0.5 mL of saline formol 10%. Spread into histological slides were
prepared from this solution and observed in a photomicroscope (Opton®) at 400X

magnification. Two hundred spermatozoa were analyzed per animal. Morphological
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analysis was classified into three 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

analysis was performed as described by Fernandes et al (2007).

2.4 Histological processing

The left testis (5 per group) was removed, fixed in Metacarn (60% methanol,
30% chloroform, 10% acetic acid), embedded in Paraplast® (Sigma-Aldrich) and
sectioned (three nonconsecutive sections per animal, 5 um thick, 100 um distance among
sections). The sections were stained with hematoxylin and eosin (HE) and examined for

the following analysis:

2.4.1 Histopathological and morphometric analysis

One hundred random tubular images per animal in the testis cross-sections
were observed for histopathological analysis, using an Opton® microscope (100X and
400X magnifications). The seminiferous tubules were classified in normal or abnormal,
according to cells present in the seminiferous tubules (immature germ cells in the lumen,
acidophilic cells and vacuolization). Seminiferous tubule diameters were measured using
Opton® photomicroscope (400X magnification) and BELview software (version 6.2.3.0
for Windows). For this, ten tubular cross-sections, per animal, in stage IX of the
seminiferous epithelium cycle, were examined. Likewise, the seminiferous epithelium
height was measured using the same tubules and methodology mention above. In each
seminiferous tubule the mean of four measures for diameters and height was calculated

and used in the statistical analysis according to Punhagui et al. (2016).
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2.4.2 Spermatogenesis kinetics and Sertoli cells number

For evaluation of spermatogenesis Kkinetics, one hundred random tubular
images per animal were classified into four categories: Stages I-VI, VII-VIII, IX-XIII
and X1V of the seminiferous epithelium cycle, according to Leblond and Clermont (1952)
under a light microscope (Opton®) at 100X and 400X magnifications. Nuclei of Sertoli
cells were counted in 20 cross-sections of seminiferous tubules per rat, under a light

microscope, at 400X magnification (Guerra, et al., 2016).

2.5. Myeloperoxidase (MPO) activity

The neutrophil migration to testis was indirectly evaluated by the MPO
activity kinetic-colorimetric assay as previously described by Bradley et al (1982). MPO
is an enzyme abundantly presente in the azurophilic granules of neutrophils. Briefly, left
testis were collected in 400 pL of 50 mM K2PO4 buffer (pH 6.0) containing 0.5% HTAB
and kept at -80°C until use. Samples were homogenized using Ultra-Turrax® (IKA T10
Basic, CQA Quimica, Paulinea, SP). Then the homogenates were centrifuged at
16,100 g for 12 minutes at 4°C. Fifteen uL of the resulting supernatant was mixed with
200 puL of 50 mM phosphate buffer, pH 6.0, containing 0.167 mg/mL o-dianisidine
dihydrochloride and 0.05% hydrogen peroxide and was assayed spectrophotometrically
for MPO activity determination at 450 nm (BEL SP2000UV, Photonics, Séo Paulo, SP,
Brazil). The results of MPO activity were expressed as the number of neutrophils per mg

of tissue by using a standard curve of neutrophils (196 — 200,000 cells).

2.6 N-acetyl-p-D-glucosaminide (NAG) activity
NAG (N-acetyl-pB-D-glucosaminidase) activity was determined by an adapted

colorimetric method previously described by Pinho-Ribeiro et al (2015)in testicular
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tissue. 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 KoHPO,4 buffer (100 uL, 50 mM, pH 6.0) containing 4-
nitrophenyl N-acetyl-B-D-glucosaminide 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 (97 — 100,000

cells).

2.7 Determination of Cytokine (IL-1p, TNF-a, IL-6, and IL-10)
Production

Left testis were frozen in liquid nitrogen, stored at —80 °C and samples were
homogenized in sterile saline, centrifuged (3000 rpm, 4 °C, 10 min) and the supernatant
used to assess the production of the cytokines IL-1f, TNF-a, IL-6, and IL-10 by ELISA
(enzyme-linked immunosorbent assay) using eBioscience kits (Affymetrix Bioscience,
San Diego, USA). The test was performed according to the manufacturer's guidelines.
The results were obtained by comparing the densities of optical density curves and

standards expressed in pg of cytokines per mg of protein.

2.8 Immunohistochemistry (IHC) for androgen receptor (AR)

Androgen receptor (AR) (1:100/SC-816, rabbit polyclonal 1gG, epitope
mapping at the N-terminus of AR; Santa Cruz Biotechnology, Santa Cruz, CA, USA)
primary antibodies were used for IHC assay. The right testis were fixed in Metacarn (60%

methanol, 30% chloroform, 10% acetic acid), dehydrated in alcohol and embedded in
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Paraplast®. The sections (three nonconsecutive sections per animal, 5 pum thick, 100 um
distance among sections) were dewaxed using Xylene and rehydrated in graded alcohol
and distilled water. Antigen retrieval was conducted in sodium citrate buffer (pH = 6.0)
at high temperature (~100 °C) by steam cooker during 15 min. After washing to distilled
water, endogenous peroxidase activity was blocked with 0.3% hydrogen peroxide in
methanol for 30 min, followed by a quick rinse in distilled water and PBS and then
incubated in for 1 h to block non-specific binding. Sections were incubated with the
primary antibody at 4 °C overnight. The slides were then washed three times with PBST
(0,5% of triton plus PBS) and incubated for 2 hours with peroxidase-conjugated anti-
rabbit 1gG secundary antibody (1:200/SC-2004; Santa Cruz Biotechnology, Inc.). After
washing, the sections were incubated for 5 minutes with 3,3’-diaminobenzidine (DAB)
substrate solution and finally counterstained with Harris's haematoxylin. As a negative
control, the primary antibody was replaced with the corresponding normal isotype serum.
The nuclei of Sertoli cells stained were counted in histological cuts from the testis of rats

in 20 seminiferous tubules per rat at stage VI1I of spermatogenesis.

2.10 Statistical analysis

One-way ANOVA, with the post hoc Tukey test or the non-parametric
Kruskall-wallis 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

GraphPad Prism (version 5.0).

3. RESULTS

3.1 Body weight evolution, testis and seminal vesicle weights
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The evolution of body weight is show in Fig. 1. At the end of the experimental
period, the body weight was significantly reduced (p<0.05) in AL34 group in relation to
C and AL7 groups. There were no significant diferences between the AL and control
groups in absolute or relative weights of the testis and seminal vesicle (full and empty) as

show in Table 1.

3.2 Sperm parameters
The sperm count analysis (Table 1) showed that exposure to 34mg/Kg AlCls
caused a significant reduction (p<0.05) in the DSP, absolute and relative (concentration)

number of mature spermatids in the testis in relation to control and AL7 groups.

3.3 Testicular morphometric and histopathological analysis

The testicular morphometric values are shown in Table 2. Seminiferous
tubular diameter and seminiferous epithelium height were not affected by the aluminium
treated since these parameters were similar among experimental groups. However the
histopathological analysis of the testicular tissue evidenced that AL34 group presented a
significant decrease in the number of normal seminiferous tubules, as well as an increase
in the number of abnormal tubules in relation to C and AL7 groups. The abnormalities
found were immature cells in the lumen of the seminiferous tubule and Sertoli cell
vacuolation (Fig. 2). The sperm morphology showed a significant decrease in the number
of normal spermatozoa in AL7 group in relation to C and AL34 groups (C=82,17+7.63;
AL7=68.05£10.96; AL34=78.00£9.22 - MeanzSEM, p<0.05) and consequently an
increase in the number of abnormal spermatozoa (C=17.83+7.63; AL7=31.94+10.96;

AL34=22.00£9.22 - Mean+SEM, p<0.05).
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3.4 Spermatogenesis kinetics and Sertoli cells number

The results are present in table 3. Aluminium exposure induced a significant
reduction in the percentage of seminiferous tubules in stages VIl and VI1II and significant
increase of stage XIV of spermatogenesis in relation to control group. The percentage of
the stages I to VI and 1X to X111 were statistically similar among all experimental groups.
The Sertoli cells number were decreased in AL34 group (p<0.05) in relations to other

groups (Table 3).

3.5 MPO and NAG activity

No effects were observed at the dose of 7 mg/kg of AICI3 in the neutrophil
migration in the testis, however at the dose of 34 mg/kg induced increase of neutrophil
recruitment (MPO activity) in relation to control group (Fig. 3A). The macrophage
recruitment to testicular tissue was not affected by aluminium treatment since the NAG

activity was similar among experimental groups (Fig. 3B).

3.6. Determination of Cytokine (IL-1p, IL-6, IL-10 and TNF-a)
Production

There were no significant diferences among the experimental groups in IL-
1B and IL-6 leves (Fig. 4A,B). The level of IL-10 cytokine was increase (p<0.05) in the
AL7 group compared with the C and AL34 group (Fig. 4C). On the other hand, it was

observed a increase in TNF-a. levels (p<0.05) in AL34 group (Fig. 4D).
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3.8 Immunohistochemistry
AR staining was found in Sertoli cells and Leydig cells (Fig. 2). In relation to
control group, the number of Sertoli cells stained was decreased (p<0.05) in AL7 and

AL34 group (Fig. 5).

4. Discussion

Metals exposure during the peripubertal period may result in adverse
consequences that may be visible as of puberty, and may continue into later adult life
(Golub, Keen, 1999). Several studies demonstrad the toxic effects of aluminium in human
and laboratory animals and the accumulation capacity in target organs like brain, bone,
liver, kidney and testis (Khattab, 2007, Kutlubay, et al., 2007, Hala et al., 2010). On the
other hand, there are no reports of the effects of alumium exposure on the reproductive
system in peripubertal animals.

In this experiment, the decrease in the final body weight in AL34 group is in
accordance with those obtained by Hala et al. (2010) who found that AICI; administration
(20 mg/Kg) via gavage for 70 days decrease final body weight and body weight gain in
adult animals. It was reported that adult animals exposed to chronic doses of aluminium
consumed less food and wather, besides presenting diarrhea (Kowalczyk et al., 2004).
Testis and seminal vesicle weights showed no differences among the experimental
groups, that was consistent with the observations of others (Guo et al., 2002, Guo et al.,
2009, Moselhy et al., 2012). On the other hand, in adult rats previous study demonstrated
that a long period of Al exposure (20 mg/Kg orally), in adult animals, for 70 days resulted
in testes weight decrease (Hala et al., 2010).

The significant decrease in sperm count and daily sperm production in the

AL34 group and the increase in abnormal sperm observed only in the AL7 group is in
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agreement with previous studies that documented in Al-treated adult rats decrease in
sperm concentration (20mg/Kg AICls bw, during 70 days) (Hala et al., 2010) and increase
in dead and abnormal sperm (34mg/Kg AICls bw, during 70 days) (Yousef et al., 2009).
Several authors (Yousef et al., 2009, Hala et al., 2010, Moselhy et al., 2012) suggest the
the severe reduction in male fertility following aluminium administrations may be result
from decrease on testosterone concentrations and aluminium accumulation in the testis.
However our results showed that the administration of AICI3, in both doses, did not affect
the serum testosterone levels (unpublished data). On the other hand, Sertoli cells number
and the number of AR-positive Sertoli cells were decreased in AL34 group (p<0.05).
Thus, these events can be explain the reduction in parameters of the sperm counts. AR
plays an importante role in androgen action and male fertiliry, as promotion of
development and maintenance of male phenotype and reproductive function (Li, Farook,
2009, Sun et al., 2011). It has been proved that AR gene mutations or deletions have been
linked to genital malformations (Sun et al., 2011) and male infertility (Chang et al., 2003).

The immature germ cells in the seminiferous tubules lumen and Sertoli cell
vacuolation corroboration to previous studies showed that Aluminium induced
degeneration and necrosis of germ cells (Hala et al., 2010), accumulation of exfoliated
germ cells (Khattab, 2007), intersticial edema (Yousef, Salama, 2009) and complete
absence of germ cells (Moselhy et al., 2012) in adult rats. Histological perturbation in
adult rats testis were observed by Khattab (2007) including severe damage in
seminiferous tubules and vacuolar degenaration in spermatogenic and Sertoli cells after
AIClz intraperitoneal injection (15 and 30mg/Kg) for five weeks. Moselhy et al. (2012)
detected degenerative changes with focal areas of necrosed spermatogenic cells, after 30
days of AICIs orally exposure (34mg/Kg) and this state aggravated after 45 and 60 days

in adult rats.
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Several studies suggest that male reproductive disorders induced by
aluminium might be associated to increased oxidative stress and changes in the blood-
testis barrier (BTB) (Hala et al., 2010, Pandey, Jaim, 2013). The BTB is essencial to
preserve a microenvironment to the development of germ cells and protect these from the
sistemic circulation and anti-sperm antibodies (Pandey, Jaim, 2013).

The increase in MPO activity in AL34 group indicated that neutrophils were
recruited to testes. The recruited neutrophils is associated to proinflammatory cytokines
production as IL-1pB, IL-6 and TNF-a (Fattori et al., 2016). There are no reports in the
literature about the effects of aluminum on cytokine levels in the testis and few studies
have investigated the effects of aluminum on the inflammatory response. Cao et al.,
(2015) observed neuroinflammation and cognition impairment in adult rats orally
exposed to AICIs (50, 150 and 450 mg/Kg for 90 days), as a result of an increase on
TNF-a, IL-1p and IL-6 levels in the hippocampus. Similarly, balb/C mice,
intraperitoneally exposed (16 h) to AICIz (25mg/Kg) presented an increase of
inflammatory cytokine IL-6 con-centration in serum (Viezeliene et al., 2013; Ozturk et
al., 2014). In our study, IL-10 cytokine levels were increase in AL7 group testes. IL-10
levels elevation has been shown to reduce inflammation and spermatogenic damage in
mouse model of autoimune orchitis, in addition to limiting local increase in superoxide
anion (Watanabe et al., 2005). Thus, we suggest that the increase in IL-10 levels in AL7
group may be contributed to protect testis from aluminium toxicity in these animals that
not has been observed in AL34 group which there was impaired in sperm counts and
histological alterations.

On the other hand, TNF-a levels were increased in AL34 group. In testes, this
cytokine is known for regulate diferent cellular processes associated to spermatogenesis

and cell adhesion in seminiferous epithelium (Jacobo et al., 2011). However recent in
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vitro studies have demonstrated that increase in TNF-a levels perturb the Sertoli cell tight
junction (TJ)-permeability barrier (Siu et al., 2003). The authors also reported claudin-11
and occludin (TJ integral membrane proteins), productions by Sertoly cells, can be
inhibited by TNF-a, inducing a temporal and spatial disrution of the BTB. This in turn
causes damage in germ and Sertoli cells, damaging the seminiferous epithelium thus

altering normal spermatogenesis and sperm production (Hala, et al., 2010).

5. Conclusion
In the current study, it was concluded that aluminum chloride, at both doses,
impair sperm parameters and testicular development in peripubertal rats, and cytokines

could be the mechanism action for this toxic substance.


http://www.sciencedirect.com/science/article/pii/S095528631630033X#bb0130
http://www.sciencedirect.com/science/article/pii/S095528631630033X#bb0130
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Table 1

Testis and seminal gland weights, sperm count and daily sperm production. Peripubertal rats
were treated with AICl3 7mg/kg/day or 34mg/kg/day (AL7 and AL34 respectively) or saline
buffer (Control) (n=10/group)

Control AL7 mg/Kg AL34 mg/Kg
Testis (g) 1.33+0.15 1.34+0.01 1.22+0.21
Seminal gland (full) (g) 0.87+£0.18 0.87+0.17 0.71+£0.24
Seminal gland (empty) (g) 0.45+0.08 0.48+0.11 0.56+0.22
Sperm counts
Spermatid number in the testis (X106) 11709 * 19323 11328 i 1629a 8614 i 2152b
Spermatid concentration in the testis 102.49+14.38°  97.70+10.28°  81.06 % 22.62°
(x10°%/g)
Daily sperm poduction

_ 19.19 + 3.17° 18.57 + 2.67° 14.12+ 3,53

(x10%testis/ per day)

Values expressed as mean + SEM. ANOVA post Tukey. ° Different letters indicate

statistically significant differences among the groups (p<0.05).
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Table 2

Morphometric and histopathological analysis. Peripubertal rats were treated with AICIs
7mg/kg/day or 34mg/kg/day (AL7 and AL34 respectively) or saline buffer (Control).
(n=5/group)

Control AL7 mg/Kg AL34 mg/Kg
Seminiferous tubular 271.87+21.04 263.67+4.37 269.30+14.32
diameter (um)
Seminiferous epithelium 89.37+5.53 88.21+7.53 84.92+2.51
height (um)
Normal tubules 94.80+2.16° 90.00+4.12° 84.08+6.85"
Abnormal tubules 5.20+£2.172 10.00+4.122 16.00+6.86°

Values expressed as mean + SEM. ANOVA post Tukey. ° Different letters indicate
statistically significant differences among the groups (p<0.05).
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Table 3.

Spermatogenesis kinetics and Sertoli cells number. Peripubertal rats were treated with AICl3
7mg/kg/day or 34mg/kg/day (AL7 and AL34 respectively) or saline buffer (Control)
(n=5/group).

Control Al 7 mg/Kg Al 34 mg/Kg
- VI (%) 34 [30-39] 36 [29-38] 34 [30-35]
W1 - VI (%) 36 [29-38]° 24 [22-26]° 24 [22-28]°
HX — X111 (%) 41 [33-42] 35 [33-38] 35 [33-42]
IXIV (%) 01 [0.5-02]° 05 [05-06]° 07 [02-07]°
2Sertoli cells number 23.8+3.70° 21.6+1.512 18.8+2.17°

Yvalues expressed as median [Q1-Q3]. Kruskall Wallis post Dunn. 2Values expressed as mean +
SEM. ANOVA post Tukey. *° Different letters indicate statistically significant differences
among the groups (p<0.05).
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Figure 1. Body weight evolutions during experimental days (n=10/group). Peripubertal rats were
treated with AICIs 7mg/kg/day or 34mg/kg/day (AL 7 and AL 34 respectively) or saline buffer

(Control). ANOVA post Tukey test *(p<0.05) AL34 in compared to control group.
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Figure 2. Light microscopy of testicular tissue (A-F) and immunostaining of AR in adult rat testis
(G-I). Peripubertal rats were treated with AICls 7mg/kg/day or 34mg/kg/day (AL 7 and AL 34
respectively) or saline buffer (Control). A and G - Control group; Band H - Al 7 group; C,D-F,I - Al
34 group. (D) Presence of immature germ cells in the lumen (asterisk). (E and F) Sertoli Cell
vacuolization (arrow). Ep: Seminiferous epithelium, In: interstitial tissue, Lu: Lumen, arrows: Sertoli

cell vacuolization. (A-F) Hematoxiline and Eosin (HE).
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Figure 3. (A) Myeloperoxidase (MPQO) and (B) N-acetyl-B-D-glucosaminidase (NAG)
activity (n=5/group). Rats were treated with AICI3 7mg/kg/day or 34mg/kg/day (AL 7
and AL 34 respectively) or saline buffer (Control). Results are expressed as mean *

SEM. 2P Different letters indicate statistically significant differences among the groups

(p<0.05).
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Figure 4. (A) IL-1B, (B) IL-6, (C) IL-10 and (D) TNF-a levels were determined by
ELISA. (n=5/group). Rats were treated with AICI3 7mg/kg/day or 34mg/kg/day (AL 7
and AL 34 respectively) or saline buffer (Control). Results are expressed as mean +

SEM. 2P Different letters indicate statistically significant differences among the groups
(p<0.05).
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Abstract

Hight levels of metals may cause serious consequences to the development and function
in male genital system, directly acting on the reproductive organs, or indirectly, when
acting in the neuroendocrine system. Aluminum (Al) is the third most prevalent element
and the most abundant metal in the earth's crust. Puberty comprises a period of complex
sexual development, involving physical, behavioral and hormonal changes, where sexual
maturation occurs. The prostate is an accessory sexual gland which contributes to the
production of nutrients, maintenance of the ionic gradient and pH of the seminal fluid.
Recent studies have shown an association between exposure to Al and toxicity of the male
reproductive system. Thus, the aim of this study was to evaluate whether exposure to
Aluminum Chloride (AICI3) during the peripubertal period may affect ventral prostate
development in rats. Male Wistar rats (30 days old) were divided into three experimental
groups where two groups received AICls (diluted in sterile 0.9% saline solution (vehicle))
at a dose of 7 mg / kg (group AL7) or 34 mg / kg (group AL34) intraperitoneally of
postnatal day (PND) 36 to 66 (peripubertal period); and the third group (Control) received
only the vehicle. At PND 67 the animals were anesthetized, weighed and euthanized.
Blood was collected for testosterone levels. Ventral prostate was removed and weight.
The ventral prostate were fixed and processed for histochemistry and
immunohistochemistry to detect androgen (AR) and Ki67 antigens. Stereological,
histopathological, mast cell count, myeloperoxidase (MPO) and N-acetyl glicosidase
(NAG) activity and cytokine IL-6 level were also performed. The AL34 group presented
a reduction in body weight, compared to the other groups. There was no significant
difference in prostate weight, number of granulated or degranulated mast cells and
testosterone levels. In both AL7 and AL34, the relative proportions (%) of stromal
compartment increased, while the luminal compartment decreased. For the
histopathological analysis, no adaptive alterations, inflammatory or dysplastic prostatic
lesions were observed in the experimental groups. There was an increase in MPO activity
in the AL34 group, while NAG activity and IL-6 level were similar between groups. As
far as we are aware, this is the first report in the literature showing thal Aluminum
Chloride cold affect some aspects in peripubertal prostatic development in rats.

Key words: Aluminium chloride, ventral prostate, sperm parameters, androgen receptor.
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1.  Introduction

People are constantly exposed to environmental contaminants from industrial
processes, through air, food, water or contact with a variety of consumer products.
Aluminum (Al) is the most widely distributed metal in the environment and the third most
abundant element in the earth's crust. Although aluminum is not known to be essential for
life processes, it is known to cause toxicity to a variety of organ systems including the
brain, the bones, the kidneys, and blood (Ganrot, 1986; Akinola et al., 2015; Kutlubay, et
al., 2007). Toxicity caused by environmental exposure to metals during the peripubertal
period has haised questions about adult life (Golub et al., 2008).However, the effect of
aluminum on the prostatic tissue during the peripuberal period is not yet known.

The prostate is an accessory gland of the male urogenital system that contributes
to the production of nutrients for the seminal fluid and promotes the maintenance of the
ionic gradient and appropriate pH in this secretion (Untergasser et al., 1999). This organ
is an androgen-dependent gland and testosterone presents a central role in the
maintenance of prostatic tissue and can regulate the growth and differentiation of different
types of epithelial cells, either directly or indirectly, via stroma (Aumuller and Seitz,
1990). In rats, the prostate is divided into three lobes, the ventral lobe being the most
responsive to androgens, and therefore the most used in studies focusing on prostatic
lesions (Scarano, et al., 2009).

Puberty is a period in which changes occur in the hormonal profile, specifically
in the steroids synthesis and secretion and comprises a complex sexual development,
involving physical, behavioral and sexual maturation (Golub et al., 2008; Ojeda,
Urbanski, 1994); therefore, changes in these events can compromise the reproduction of

the individual in adult life (Harden et al., 2014).
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Investigations in human and experimental animals have showed that aluminium
able to induce toxic effects in the male reproductive system, especially in the testes and
epididymis, (Zhu et al., 2014; Guo et al., 2009; Berihu, 2015) but little is known about
aluminium the effects on the prostate in peripubertal animals. Thus, the present study
aims to evaluate the morphology and inflammation profile of the ventral prostate, as well

as the testosterone level of rats exposed to aluminium chloride during peripubertal period.

2. Material and methods

2.1 Experimental protocol

Male Wistar rats (30 days old) were used for the study. Animals were obtained
from Animal House of Biological Sciences Center, State University of Londrina (CCB-
UEL), Parand, Brazil and acclimated to the new environment for five days before the
beginning of the period experimental. Rats were allocated in polypropylene cages (43 cm
x 30 cm x 15 cm) and maintained under controlled temperature (23 £ 1°C) and lighting
conditions (12:12-h photoperiod). Rat chow and water were provided ad libitum. There
were provided with standart comercial laboratory chow and tap water ad libitum. The
experimental protocol followed the Ethical Principles in Animal Research adopted by
Brazillian Brazillian Council for Control of Animal Experimentation and it were
approved by the Ethics Committee on Animal Use of State University of Londrina

(CEUAJUEL protocol number 2430.2015.47).

2.2 Experimental design
Rats were randomly assigned into three groups (n = 10): AL7 (7mg/Kg bw,
1/100LD50), AL34 (34mg/Kg bw, 1/20LD50) and Control (C). These doses were

selected according to Guo et al. (2006) and administrated from post natal day (PND) 36
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to PND 66. The peripubertal period was selected according to Ojeda et al. (1980). Thus,
the animals received 7 mg/Kg or 34mg/Kg b.w. (AICl3, CAS no. 7446-70-0, Sigma-
Aldrich Co®, USA) by intraperitoneal injections, diluted in saline buffer 0,9% (vehicle),

or just the vehicle to control group.

2.3 Body and ventral prostate weights

On the 31st experimental day (PND 67) all rats were weighed and anesthetized
with a combination ok ketamine (Dopalen®, Ceva, Paulinia, Brazil - 10mg/kg,
intramuscular) and xylazine (Sedomin®, Konig, Avellaneda, Argentina - 2mg/kg,
intramuscular) and euthanized by diaphragmatic rupture. Ventral prostate (VP) was
removed and its weights was determined. Prostate were used for histopathological and

stereological analysis (n=5/group), and inflammatory profile (n=5/group).

2.4 Plasma testosterone levels

Blood plasma was collected (between 9:00 and 11:30 am) and stored in freezer
at -20°C for determinations of testosterone levels, according to chemiluminescence assay
(2nd Generation Testosterone, Architect System, Abbott, Wiesbaden, Germany),

according to the manufacturer's recommendations.

2.5 Histopathological and stereological analysis

The ventral prostate was removed, fixed in Methacarn (60% methanol, 30%
chloroform, 10% acetic acid) for two hours and kept in 70% etanol. Next, the tissues were
dehydrated in graded etanol and were embedded in Paraplast® and sectioned (three
nonconsecutive sections per animal, at 5 um thick, 100 um distance among sections). The

sections were stained with hematoxylin and eosin (HE) and examined for general
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histopathological and stereological analysis as described to De Melo Neto et al (2015).
For histopathological analyses were carried out on Opton® microscope (100x and 400x
magnification). In stereological analysis, 10 random ventral prostate histologic fields per
animal were captured using a photomicroscope (Opton®) and BELView® Software
(version 6.2.3.0 for Windows) in 400x magnifications and analyzed. This analyses were
obtained by Weibel's multipurpose graticulate, with 168 points (Weibel, 1963) to
compare the relative proportions among the prostatic components (epithelium, stroma and

lumen) in the experimental groups.

2.6 Mast Cell Count

Mast cell count analysis was performed as described by Mendes et al. (2011).
Tissue sections of the ventral prostate were stained with 1% toluidine blue to mast cells
identification. Since the granules within mast cells contain heparin and sulfated
glycosaminoglycan, they were stained metachromatically using toluidine blue to evaluate
and quantify the intact and degranulated mast cells. Were captured and analyzed 10
random ventral prostate cross-sections per animal using a photomicroscope (Opton®) and
BELView® Software (version 6.2.3.0 for Windows) in 400x magnification. All fields
analyzed contained mast cells (MC) classified into: intact MC and degranulated MC. The

MC number found in all the photomicrographs was counted accordingly per animal.

2.7 Myeloperoxidase (MPO) activity

The neutrophil migration to ventral prostate was indirectly evaluated by the
MPO activity kinetic-colorimetric assay as previously described by Bradley et al (1982).
MPO is an enzyme abundantly present in the azurophilic granules of neutrophils. Briefly,

ventral prostate was collected in 400 puL of 50 mM K2PO4 buffer (pH 6.0) containing
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0.5% HTAB and kept at -80°C until use. Samples were homogenized using Ultra-
Turrax® (IKA T10 Basic, CQA Quimica, Paulinea, SP). Then the homogenates were
centrifuged at 16,100 g for 12 minutes at 4°C. Fifteen uL of the resulting supernatant was
mixed with 200 uL of 50 mM phosphate buffer, pH 6.0, containing 0.167 mg/mL o-
dianisidine dihydrochloride and 0.05% hydrogen peroxide and was assayed
spectrophotometrically for MPO activity determination at 450 nm (BEL SP2000UV,
Photonics, S&o Paulo, SP, Brazil). The results of MPO activity were expressed as the
number of neutrophils per mg of tissue by using a standard curve of neutrophils (196 —

200,000 cells).

2.8 NAG activity

NAG (N-acetyl-B-D-glucosaminidase) activity was determined by an adapted
colorimetric method previously described by Pinho-Ribeiro et al (2015). Briefly, the
supernatants (20 uL), obtained in the MPO activity assay, were placed in a 96-well plate
and mixed with KaHPO4 buffer (80 uL, 50 mM, pH 6.0). The reaction was initiated by
the addition of K;HPO4 buffer (100 uL, 50 mM, pH 6.0) containing 4-nitrophenyl N-
acetyl-pB-D-glucosaminide 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 (97 — 100,000 cells).

2.9 Determination of 1L-6 Production
Ventral prostate from the control and treated groups were removed and frozen

in liquid nitrogen and stored at — 80 °C. Part of the samples were homogenized and
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centrifuged (3000 rpm, 4 °C, 10 min) and the supernatant used to assess the production
of the cytokine IL-6 by ELISA (enzyme-linked immunosorbent assay) using eBioscience
kits (Affymetrix Bioscience, San Diego, USA). The test was performed according to the
manufacturer's guidelines. The results were obtained by comparing the densities of optical

density curves and standards expressed in pg of cytokines per mg of protein.

2.10 Immunohistochemistry

Androgen receptor (AR) (1:100/SC-816, rabbit polyclonal IgG, epitope mapping
at the N-terminus of AR; Santa Cruz Biotechnology, Santa Cruz, CA, USA) and Ki67
(1:100/ab16667; Ki67 — Proliferation Marker, abcam®, Cambridge, MA, USA) primary
antibodies were used for IHC assay. Histologics sections from distal part of ventral
prostate (5um) were dewaxed and then rehydrated in graded alcohol and distilled water.
Antigen retrieval was conducted in sodium citrate buffer (pH = 6.0) at high temperature
(~100 °C) by steam cooker during 5 min. After washing to distilled water, endogenous
peroxidase activity was blocked with 0.3% hydrogen peroxide in methanol for 30 min,
followed by a quick rinse in distilled water and PBS and then incubated in for 1 h to block
non-specific binding. Sections were incubated with the primary antibody at 4 °C
overnight. The slides were then washed with PBST (0,5% of triton plus PBS) and
incubated for 2 hours with the secundar anti-rabbit antibody at 37 °C followed by
peroxidase-conjugated avidin—biotin complexes and chromogen diaminobenzidine
(DAB). The sections were finally counterstained with Harris's haematoxylin. As a
negative control, the primary antibody was replaced with the corresponding normal

isotype serum.

2.11 Proliferation index determination
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The number of epithelial cells marked by Ki67 was determined by counting all
nuclei of 50 microscopic fields per group at 400x magnification (5 animals/group; 10
microscopic fields/animal). The proportion of epithelial proliferating cells was
determined by dividing the number of stained cells by the number of cells analyzed and

the value multiplied by 100 as previously described by Bernardo et al (2015).

2.12 Statistical analysis

One-way ANOVA, with the post hoc Tukey test or the non-parametric Kruskall-
wallis 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 GraphPad Prism

(version 5.0).

3 Results

3.1 Body and prostate weight

The final body weight was lesser (p<0.05) in AL34 group in relation to C and
AL7 group. There were no significant differences between the treated and control groups

in weights of the prostate as show in Table 1.

3.2 Plasma testosterone concentration
Although plasma testosterone level were higher in the AL7 - treated groups

(25%), the difference was not statistically significant (p>0.05) compared to the C group

(Fig. 1).
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3.3 Histopathological and stereological analysis

The histological sections of the ventral prostate of the experimental groups
showed regular architecture where the prostatic acini were rounded with the
predominantly simple cubic epithelium, surrounded by a delicate fibromuscular stroma
(Figure 2, D). The stereological values are shown in Table 1. The AL7 and AL34 groups
presented a significant increase in stromal compartment followed by a decrease in luminal
compartment from ventral prostate only in the AL34 group compared to control group.
The epithelium was not modified by the treatments. For histopathological analysis, no
adaptive alterations, inflammatory or dysplastic prostatic lesions were observed in the

experimental groups.

3.4 Mast cell count

There were no changes in the number of mast cells intact (C=6.0+1.78;
AL7=6.0£0.93; AL34=5.0+0.49 - MeantSEM) and degranulated (C=8.0£1.82;
AL7=10.0+0.51; AL34=12.0+1.25 - Mean+SEM) in the prostate among the experimental

groups.

3.6 MPO and NAG activity and IL-6 level

The MPO activity in the prostate revealed a significant increase in the AL34
group in relation to others experimenttal groups (Figure 3,A). There were no significant
diferences among the treated and control groups in the NAG activity and IL-6 production

in the prostate, as show in Figure 3, B,C.

3.7 Immunohistochemistry for AR and Ki67



69

AR staining was found in prostatic epithelial cells (Figure 2, C-F). The index of
cells stained were decreased (p<0.05) in AL34 group (Table 1) compare to control and
AL7 groups. The Ki67 assay revealed that there was no significant differences in the

proliferation index among the experimental groups.

4 Discussion

The AL34 group presented a reduction in body weight, compared to the other
groups. There was no significant difference in prostate weight, number of granulated or
degranulated mast cells and testosterone levels. In both AL7 and AL34, the relative
proportions (%) of stromal compartment increased, while the luminal compartment
decreased. There was an increase in MPO activity in the AL34 group, while NAG activity
and IL-6 level were similar between groups. The significant reduction in the body weight
gain in AL34 group corroborated with previous studies showed that AICI3 exposure
(orally 64.18, 128.36 and 256.72 mg/Kg BW, during 120 days) suppressed rats body
weight gain in adult animals (Zhu et al., 2014). Kowalczyk et al. (2004) reported that
animals (adult) orally exposed to chronic doses of aluminium (6.4mg/Kg for 3 months)
consumed less water and food, in addition to presented transient diarrhea.

Administration of aluminium had no influence on weights of ventral prostate.
These results come in accordance with those obtained by Moselhy et al., 2012 in adult
animals, after 30, 45 and 60 days of AICI3 orally exposure (34mg/Kg). Therefore, our
results clearly show that aluminum chloride is capable of altering the body weight
independently of the prostatic tissue.

In general, the VP of adult rats is composed of a group of glandular acini with
simple columnar epithelium, surrounded by a stroma composed of a tenuous layer of

vascular connective tissue, surrounded by smooth muscle cells (Santana et al., 2016).
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There are no studies about the effects of aluminium on the VP in peripubertal animals.
Treatment with aluminum in the peripubertal phase seems to retard the luminal
development of prostatic acini appearing with the reduced lumen in the treated groups
These findings are in agreement with the obtained data by Moselhy et al. (2012), who
reported histological changes as decrease in prostatic acini besides intra luminal
secretions absence, after 45 and 60 days of AICIsin adult animals. For this reason, there
is a relative increase of the stroma since the acini occupy less volume in the gland, which
is also evident by the stereological analyzes. As the treatment occurred in the peripubertal
stage, where the number of acini by budding had already been defined, it appears that the
exposure interfered with the luminal growth of the acini, but not with the number of acini,
since the relative epithelial component (stereology) was altered among the groups, which
could indicate a higher number of acini by prostatic gland.

AICIs induced significant increase in MPO activity in the AL34 group as
compared to both control and AL7 group. However, the pro-inflammatory cytokine 1L-6
level showed no alterations as well as NAG activity. Despite IL-6 levels were not altered,
others proinflammatory cytokines, such as TNF-a, could be involved in the development
of an inflammatory microenvironment. IL-6 is associated with pathogenesis in prostate
cancer, stimulating the initiation and promotion, while TNF-a secretion by mast cells is
related to death of tumor cells (Sfanos et al. 2014). However, in this study there were no
changes in the number of intact and degranulated mast cell in the prostate.

Furthermore, the rat ventral prostate has also been demonstrated to be adequate
for the testing of endocrine disruptors, given its extreme dependency on androgen
stimulation and high susceptibility to estrogenic stimulation. During puberty, the VP
shows a two-phase response to the increasingly testosterone levels: 1) there is a clear

activation of the secretory activity, manifested by the increase in the absolute volume of
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the lumen; I1) an increase in the volume of the epithelium, which takes place 2 weeks
later (Vilamaior et al., 2006). Androgens act on androgen receptors to induce epithelial
proliferation, ductal branching and epithelial cell differentiation (Cunha et al., 1993).
Several studies showed a decrease in testosterone levels after aluminium
administration in adult animals (Hala et al., 2010; Moselhy et al., 2012; Reza, Palan,
2006) In the present work, we observed that the administration of AICls in both doses,
did not affect the serum testosterone levels but the index of epithelial cells immunostaning
for AR was lesser in the AL34 group compare the others experimental groups. Reduction
in AR positive cells in AL34 was one of the factors that interfered in the acini growth and
late differentiation. Testosterone binds to androgen receptors in the prostate gland having
a role in prostate morphogenesis and proper prostate function (Alukal, Lepor, 2016;
Datta, Tindall, 2013). The complex androgen-AR is translocated to the nucleus to regulate
gene transcription, so changes in testosterone concentration or androgen receptor may

induce prostatic damage.

5. Conclusion
We conclude that aluminiun chloride can interfere in the body weight gain and
induce minor structural changes in the ventral prostate in peripubertal rats which can be

associated with male infertility.
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Table 1. Body and ventral prostate weights, stereological analysis and immunostaining for AR and
Ki67. Peripubertal rats were treated with AICIs 7mg/kg/day or 34mg/kg/day (AL7 and AL34

respectively) or saline buffer (Control).

Control Al. 7 mg/Kg Al. 34 mg/Kg
Biometric data (n=10)
Final body weight (g) 267.59+40.83% 260.92+18.462 218.08+20.82°
Ventral prostate (mQ) 253.5+19.81 247.2+28,86 257.5+44.68

Stereologic analysis (n=5;
50fields/group)
Epithelial compartment (%) 30.95[23.81-40-48]
Stromal compartment (%) 13.10[7.59-18.60] 2
Luminal compartment (%)  53.87[48.81-64.88]2
Immunostaing Index (n=5, 50
fields/group)
Epitelial cells
) o 96.47[95.20-98.39] @
immunostaining for AR (%)
Epithelial cells
proliferations index—Ki67 6.56[4.78-8.36]

(%)

28.28[23.66-32.29]
20.24[15.33-27.68] "
50.30[43.30-57.15] %

96.15[95.58-98.00] 2

7.61[4.62-12.96]

30.36[25.45-34.52]
21.73[14.73-26.64] "
47.62[42.26-54-76]°

95.66[95.20-97.44] "

5.52[4.13-9.87]

Body and prostate weight: Values expressed as Mean £ SEM. ANOVA post Tukey.
Stereological analysis and immunostaing index: Values expressed as median [Q1-Q3].
Kruskall Wallis post Dunn. &P Different letters indicate statistically significant differences

among the groups (p<0.05).
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Figure 1. Plasma testosterone levels (n=10/group). Peripubertal rats were treated with AICIl3

7mg/kg/day or 34mg/kg/day (AL7 and AL34 respectively) or saline buffer (Control). Results

are expressed as mean + SEM. *° Different letters indicate statistically significant differences

among the groups (p<0.05).
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Figure 2 — (a-d) Histological sections of the ventral prostate. The arrows indicate prostatic acini

with reduced lumen. Hematoxiline and Eosin (HE) staining. (e-h) Histological sections submitted
to AR and (i) Ki67 IHC. Brown stain signifies AR and Ki67-positive reactivity. The arrow
indicates Ki67-positive cells. Rats were treated with AIClz 7mg/kg/day or 34mg/kg/day (AL7
and AL34 respectively) or saline buffer (Control). a,d,e, f, i - Control group; b and g - Al7 group,
c and h - AL34 group. Abbreviations: E: Stroma; Ep: Epithelium; L: Lumen. a-c 40X, e, g, h

100X, f and i 400X.
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Figure 3. (A) Myeloperoxidase (MPO), (B) N-acetyl-p-D-glucosaminidase (NAG) activity
and (C) IL-6 level (n=5/group). Rats were treated with AIClz 7mg/kg/day or 34mg/kg/day (AL
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7 and AL 34 respectively) or saline buffer (Control). Results are expressed as mean = SEM.

ab Different letters indicate statistically significant differences among the groups (p<0.05).

7 CONSIDERACOES FINAIS

O presente estudo demonstrou que a exposicdo ao Cloreto de Aluminio em

diferentes doses, foi capaz de levar a diversas alteragdes nos tecidos prostatico e testicular,

além de interferir no peso dos animais.

No testiculo AICIs foi capaz de promover alteracdes na funcao espermatica, nas

analises morfometricas e histopatoldgicas, no numero das células de Sertoli e receptores

de andrdégenos nessas. Além de induzir a atividade da mieloperoxidase e alterar o niveis

das citocinas 1L-10 e TNF-a. Na prostata, o AlCl3 levou a alteragfes na estereologia e

histopatologia, diminuigdo no nimero de receptores de androgenos nas células epiteliais

bem como atividade da mieloperoxidase.

Portanto o presente estudo contribui um pouco mais para a elucidacao dos efeitos

do Cloreto de Aluminio sobre o desenvolvimento do sistema genital masculino em

animais peripuberais, especificamente no tecido prostatico e testicular, bem como uma

melhor compreensdo dos mecanismos envolvidos nesse processo.
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ANEXO

Comissao de ética no uso de animais

Universidade
Estadual de Londrina

COMISSAO DE ETICA NO USO DE ANIMAIS
OF. CIRC. CEUA N° 059/2015 Londrina, 30 de Abril de 2015.

Prezado Pesquisador,

A CEUA/UEL reunida em 31 de Marco de 2015 avaliou o projeto de pesquisa
intitulado “Efeitos da exposi¢do ao cloreto de aluminio sobre os parametros
reprodutivos de ratos machos durante o periodo peribuberal”, registrado sob o
processo CEUA n°2430.2015.47, pesquisa do Centro de Ciéncias Biologicas, desenvolvido
sob sua responsabilidade. Esclarecidos os aspectos metodologicos solicitados, o projeto
esta aprovado para execucdo entendendo-se que os principios éticos postulados pelo
Conselho Nacional de Controle de Experimentagio Animal estao respeitados.

: Serao utilizados 45 ratos Wistar machos, com 30 dias de idade e provenientes
do Biotério Central da UEL. O projeto tem como objetivo avaliar se a exposi¢éo ao cloreto de
aluminio durante o periodo peripuberal podera trazer prejuizo para o desenvolvimento
testicular e epididimario de ratos. Para tanto, os animais serdo divididos em trés grupos
experimentais e, de acordo com o grupo pertencente, serdo expostos ao cloreto de aluminio
via intraperitoneal (i.p) nas doses de 7 ou 35 mg/kg, diluido em solucéo salina 0,9% ou
receberdo apenas o veiculo, em um periodo de 30 dias. Dez animais de cada grupo
experimental terdo os testiculos e epididimos direitos retirados, pesados em balanca
analitica de precisdo e congelados & -20°C para posterior determinagdo do nimero de
espermétides maduras, os testiculos e epididimos esquerdos serdo congelados a -80°C
para avaliagdo do nivel de estresse oxidativo. Ao final do periodo experimental, os ratos
serdo anestesiados com cloridrato de cetamina (10 mg/kg) e cloridrato de xilazina (2 mg/kg)
via intramuscular e eutanasiados por puncéo cardiaca para a coleta de sangue para analise
hormonal (FSH, LH, testosterona). Os protocolos experimentais estdo aprovados com
previsdo para execug¢do em 36 meses.

Cumpre orientar que caso pretendam-se quaisquer alterages no protocolo
experimental aprovado, deve-se submeter o novo protocolo & apreciagéo da CEUA/UEL
anteriormente & execugao das modificacdes.

Coloco-me a disposicdo para quaisquer esclarecimenios que se fizerem
necessaria. Sem mais para o0 momento, subscrevo, cordiaimente,

Wilditee G Vel Yot
Prof. Dr. Waldiceu Aparecido Merri Junior
CoordenadoraasCEUA/UEL

W g

lima. Sra.

Prof. Dra. Glaura Scantamburlo Alves Fernandes

Coordenadora do Projeto

Departamento de Biologia Geral

Centro de Ciéncias Biologicas

Com copia para Sra. Edilamar dos Anjos (Chefe da DCA/PROPPG), Luiz Carlos Juliani
(Diretor do Biotério Central da UEL), Chefe do Departamento de Biologia Geral e Diretor(a)
do Centro de Ciéncias Biologicas.
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