VINICIUS AUGUSTO SIMAO

ANALISE HORMONAL, IMUNOLOCALIZACAO E QUANTIFICACAO DOS RECEPTORES
DE ANDROGENOS (AR) E ESTROGENOS (ER-a E ER-B) EM OVARIO E UTERO DE
RATAS SUBMETIDAS A DIFERENTES DOSES DE DECANOATO DE NANDROLONA:

avaliacdo nos periodos pos-tratamento e pds-recuperacao

ASSIS

2016



VINICIUS AUGUSTO SIMAO

ANALISE HORMONAL, IMUNOLOCALIZACAO E QUANTIFICACAO DOS RECEPTORES
DE ANDROGENOS (AR) E ESTROGENOS (ER-a E ER-B) EM OVARIO E UTERO DE
RATAS SUBMETIDAS A DIFERENTES DOSES DE DECANOATO DE NANDROLONA:

avaliacdo nos periodos pos-tratamento e pds-recuperacao

Dissertacdo apresentada a Faculdade de
Ciéncias e Letras de Assis — UNESP -
Universidade Estadual Paulista para a obtencdo
do titulo de Mestre em Biociéncias (Area de
Conhecimento: Caracterizacdo e Aplicagdo da
Diversidade Biol6gica).

Orientador (a): Dr? Isabel Cristina Cherici
Camargo.

Co-Orientador (a): Dr. Luiz Gustavo de Almeida
Chuffa.

ASSIS

2016



Dados Internacionais de Catalogacio na Publicacio (CIP)
Biblioteca da F.C L. — Assis — Unesp

Simfo, Vinicius Augusto
5588a Anilise hormonal, imunolocalizagio e quantificagio dosrecep-
tores de andrégenos (AR) e estrogenos (ER-o e ER-f) em ovario e
titero de ratas submetidas a diferentes doses de decanoato de nandro-
lona: avaliacionos periodos pés-tratamento e posrecuperacio/ Vi-
nicius Augusto Simio. Assis, 2016,
1191 -il.

Dissertagio de Mestrado— Faculdade de Ciéncias e Letras de
Assis — Universidade Estadual Paulista.

Orientador: Dr? Isabel Cristina Cherici Camargo

Co-Orentador: Dr Luiz Gustavo de Almeida Chuffa

1. Esteroides. 2. Ovarios - Histopatologia. 3. Imuno-histoquimi-

ca. 4. Horménios sexuais. 5. Relacio dose-resposta. [. Titulo.
CDD574.192







Dedicatéria

Nada do que eu teria alcangado existiria se nio fosse antes a dedicacio que
eles sempre tiveram & minha educagdo, por isso, e por todo amor, esperanga e confianga que
sempre depositaram em mim, dedico esta conquista a meus pais, os grandes responsaveis pe[o

que sou e pretendo ser.

A minha companheiva das horas boas e ruins, Agatha, meu muito o]origado

por sempre me incentivar e apoiar, vocé foi fundamental para esta obra.



Agradecimentos

A minha orientadora Dr# Isabel C. C. Camargo por toda dedicagdo, paciéncia e prazer ao transferir
pra mim parte de seu vasto conhecimento, apenas dizer que me sinto honrado de ter sido seu orientado
desde a iniciagao cienﬁﬁca ¢ pouco perante o que de fato isso signiﬁca, meu eterno agradecimento pe[a

oportumidade.

Aos meus pais, José Simdo e Vanda do Carmo pela fé depositada, por sempre acreditarem em mim

sobre todas as coisas, por sempre estarem préximos emme ajudar.

As minhas irmas Jéssica e Rafaela Simdo, por verem em mim um grande potencial e por serem

sempre tao [egais.

A minha namorada Agatha Teixeira, por ser minha companhia amada, meu ponto de equilibrio,

fonte de atengdo e carinho. Por estar presente ao meu lado e ajudar a me tornar uma pessoa melhor.

A Larissa Belardin pela amizade sincera, resistente a distancias, pe[as risadas, descontragées, pe[a

imprescindivel parceria laboratorial na execugio do trabalho e pelas discussdes académicas.

Ao Gabriel Leite pela amizade de anos, pe[os conselhos e papos académicos e por me ajuo{ar na

estadia dos perfodos passados por mim em Botucatu.

A Fernanda Rosa, pe[a amizade a[egre, sincera e companheira, tanto nas atividades académicas,

quanto nas mais descontraidas.

Ao Daniel Rocha e a Gabriela Lavorini pela amizade especia[ eo companheirismo, pe[o ombro amigo

de todos os momentos e por todo incentivo dado a mim ao [ongo do mestrado.

Ao Hugo Digmayer e o Eric lguti pela paciéncia em meus momentos de estresse, pe[a amizade

construida e por me propiciarem refiigios do mundo académico com a qualidade que s6 eles oferecem.



Ao Nicacio Neto e Gabriela Sterle pe[a amizade desde a gradua(;éio, descon‘cra(;éio e pe[a companhia

nessa etapa académica.

A Bianca Ribeiro e a0 Guilherme Boleta pela simpatia e amizade construida em meio a convivéncia
no laboratério, especiﬁcamente a Bianca, agrade(;o também a parceria didatica no ministro das aulas

préticas do estdgio docéncia.

Ao Dr. Luis Gustavo A. Chuffa pela inspiracdo, por me disponibilizar o laboratério, pela orientacio

nas novas atividades desenvolvidas parao mestrado, por toda dedicac;éo e conhecimento tmpar passado.

Ao LABHEM de Assis e ao Laboratério de Biologia da Reprodugio de Botucatu pelo espago
altamente qualificado me disponibilizado na execugido das andlises do projeto de mestrado e pela equipe

dedicada no oferecimento de instrugdes e treinamento.

Ao Dr. Jodo Tadeu R. Paes por sua simpatia e disponibi[idade em ofevecer as receitas médicas
L. . . ) . . .
necessdrias a aquisi¢ao dos anabolizantes e pe[a oportumdade de me dar prosseguimento a carreira

académica.
Ao Programa de Pés-Graduagdo em Biociéncias pela oportunidade e disponibilidade.

Aos funciondrios da Segdo de Pés-Graduagio e servidores técnicos do Departamento de Ciéncias

Bio[égicas, pe[os esclarecimentos, pronﬁdﬁo e competéncia.

Aos animais experimentais, com todo o respeito e consideragio por suas vidas, sem os quais nada

seria poss(ve[.

A FAPESP e a Capes pelo apoio financeiro na forma de auxtlio pesquisa para aquisigio dos materiais

necessdrios & execugdo do projeto e pelas bolsas de estudo ao longo da iniciagao cientifica e do mestrado.

E por ﬁm, aos Professoves por aceitarem prontamente meu convite para composi¢ao das Bancas de

Qualificagdo e de Defesa de Dissertagao, sinto-me honrado.



“A[guns homens veem as coisas como sdo, e dizem ‘Por qué?’
Eu sonho com as coisas que nunca foram e digo ‘Por que nao?"”

— George Bernard Shaw



SIMAO, Vinicius Augusto. ANALISE HORMONAL, IMUNOLOCALIZACAO E
QUANTIFICACAO DOS RECEPTORES DE ANDROGENOS (AR) E ESTROGENOS
(ER-A E ER-B) EM OVARIO E UTERO DE RATAS SUBMETIDAS A DIFERENTES
DOSES DE DECANOATO DE NANDROLONA: avaliacdo nos periodos pos-
tratamento e pds-recuperacdo. 2016. 119 f. Dissertacdo (Mestrado em Biociéncias). —
Faculdade de Ciéncias e Letras, Universidade Estadual Paulista “Julio de Mesquita
Filho”, Assis, 2016.

RESUMO

Embora sejam extensas as op¢oes de aplicacdo terapéutica dos esteroides anabdlicos
androgénicos (EAA), € crescente na sociedade o uso destas drogas por razbes
estéticas e este consumo tem aumentado principalmente entre as mulheres nas ultimas
décadas. E amplamente relatado que os EAA comprometem a salde e promovem
efeitos adversos na reproducdo, no entanto, pouca atencdo € dada a respeito dos
efeitos promovidos pelos EAA no ciclo estral, na morfologia ovariana e uterina e na
regulacdo da funcdo ovariana apos os periodos de tratamento e de recuperacgao.
Nenhum relato foi obtido na literatura, quanto a administracdo de diferentes doses de
EAA e a possibilidade de reversibilidade dos efeitos colaterais. Assim, o objetivo do
projeto € avaliar o efeito de diferentes doses do esteroide decanoato de nandrolona
(DN) no ciclo estral e nos ovarios e Utero de ratas albinas com énfase no controle da
imunoexpressao do AR, ERs, CYP450 aromatase e Inibina-A do tecido ovariano e nos
niveis hormonais sexuais, e também se ha recuperacdo dos prejuizos reprodutivos
apos a interrupcao do tratamento esteroidal. Ratas Wistar foram tratadas com DN nas
doses de 1,87, 3,75, 7,5 e 15 mg/kg ou 6leo mineral (grupos controle) por 15 dias via
subcutanea. Os animais foram divididos em trés procedimentos: (a) tratamento durante
15 dias; (b) tratamento seguido por recuperacao de 30 dias; (c) tratamento seguido por
recuperacdo de 60 dias. O ciclo estral foi monitorado diariamente e no final de cada
periodo os animais foram sacrificados. Durante o periodo de tratamento com DN e no
pos-recuperacdo de 30 dias, os animais exibiram diestro persistente, que manteve-se
somente no grupo de 15 mg DN/kg no periodo de recuperacdo de 60 dias. O peso
ovariano foi reduzido e o uterino aumentado na comparagdo com o controle em funcao
do tratamento com DN e somente foi recuperado no 60 dias pés-tratamento nos grupos
que restabeleceram o ciclo estral. Houve uma reducéo (p<0,05) no nimero de corpos
luteos, foliculos antrais e em crescimento e diminuicdo da camada endometrial uterina,
em contraste com um aumento (p<0,05) nos foliculos atrésicos e das camadas do
miométrio e perimétrio nas ratas DN de maneira dose e periodo-dependente.
Alteracdes histopatoldgicas notaveis ocorreram nos ovarios e Utero de todos 0s grupos
tratados com DN em funcdo do periodo avaliado e estiveram relacionados aos niveis
dos hormdnios sexuais e de expressao dos receptores ovarianos alterados de maneira
dose-especifica. Concluiu-se que o tratamento experimental com DN promoveu
toxicidade ovariana e uterina em ratas de maneira dose-dependente e que o periodo de
recuperacdo de 60 dias foi suficiente para a reversibilidade dos efeitos colaterais
apenas no tratamento com as menores doses do esteroide, de forma que os niveis
hormonais e de expressdo dos receptores ovarianos puderam se recuperar apos
marcante desregulacdo promovida pelo tratamento androgénico.

Palavras-chave: Decanoato de Nandrolona. Ovarios. Utero. Histopatologia.
Imunoexpressdo. Dosagem hormonal. Recuperacdo pos-tratamento. Ratas.
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ABSTRACT

Although are extensive the options of therapeutic use of anabolic-androgenic steroids
(AAS), the use of these drugs for aesthetic reasons is growing in society and this
consumption has increased mainly among women in recent decades. It is widely
reported that the AAS compromise the health and promote adverse effects on
reproduction, however, little attention is given on the effects promoted by the AAS in the
estrous cycle, in ovarian and uterine morphology and in the regulation of ovarian
function after treatment periods and recovery. No report has been obtained from the
literature regarding the administration of different doses of synthetic steroids and the
possibility of reversibility of side effects. The objective of this project is to evaluate the
effect of different doses of steroid nandrolone decanoate (ND) in the estrous cycle and
ovaries and uterus of albino rats with emphasis on control of AR immunoexpression,
ERs, CYP450 aromatase and inhibin-A in the ovarian tissue and sexual hormone levels,
and evaluate if there is recovery of possible reproductive damages after cessation of
steroid treatment. Female Wistar rats were treated with ND at doses of 1.87, 3.75, 7.5
and 15 mg/kg or received mineral oil (control groups estrus and diestrus) for 15 days
subcutaneously. The animals were divided into three procedures: (a) treatment for 15
days; (b) treatment followed by recovery to 30 days; (c) treatment followed by recovery
for 60 days. The estrous cycle was monitored daily and at the end of each period the
animals were sacrificed. During the ND treatment period and after recovery for 30 days,
all animals exhibited persistent diestrus, which was maintained only in the group of 15
mg ND/kg after the recovery period of 60 days. The ovarian weight has been reduced
and the uterine has increased (p<0.05) in comparison with the control due to the
treatment with ND and it was only recovered at 60 days post-treatment in the groups
that reestablished the estrous cycle. There was a reduction (p<0.05) in the number of
corpora lutea, antral and growing follicles and decreased in uterine endometrial layer, in
contrast with an increase (p<0.05) in atretic follicles, myometrium and perimetrium in
the androgenized rats in a dose and time-dependent manner. Remarkable
histopathological changes occurred in the ovaries and uterus of all groups treated with
ND depending on the period assessed and were related to the levels of sex hormones
and expression of altered ovarian receptors in a dose-specific manner. It was concluded
that the experimental treatment with ND promoted ovarian and uterine toxicity in rats in
a dose-dependent manner and the 60-day recovery period was sufficient for the
reversibility of side effects only in treatment with lower steroid doses in a way that
hormonal levels and expression of ovarian receptors could recover after remarkable
dysregulation promoted by the androgenic treatment.

Keywords: Nandrolone decanoate. Ovary. Uterus. Histopathology. Immunoexpression.
Hormonal assay. Pos-treatment recovery. Rats.
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I.  INTRODUCAO

1.1. Aspectos gerais dos esteroides anabdlicos androgénicos (EAA)

Os EAA séao derivados sintéticos da testosterona ou um de seus derivados, que
possuem tanto atividade androgénica quanto anabolica, sendo que os efeitos
anabalicos estéo relacionados a estimulacdo do crescimento e maturacdo dos tecidos
nao reprodutivos, e os efeitos androgénicos a funcdo reprodutiva e caracteristicas
sexuais secundarias (BERNE e LEVY, 2000; DE LIMA e CARDOSO, 2011). Os EAA
atuam sobre os receptores de andrégenos, 0s quais SA0 expressos em praticamente
todas as células do corpo, modulando de forma indissociavel tanto os efeitos
anabdlicos quanto os androgénicos (BAHRKE e YESALIS, 2004; KICMAN, 2008), de
modo que nenhum esteroide sintético disponivel é capaz de desencadear somente
efeitos anabdlicos (CLARKSON e THOMPSON, 1997; LISE et al., 1999). A relacdo
anabdlica/androgénica varia conforme o tipo de substancia utilizada (CUNHA et al.,
2004).

Ha varios tipos de EAA no mercado, mas o decanoato de nandrolona € um dos
mais utilizados no mundo (KUTSCHER et al., 2002), sendo no Brasil comercializado
como Deca-Durabolin® e considerado um dos esteroides mais populares (ICHIHARA et
al., 2001). Foi introduzido no mercado em 1962 como uma preparacdo anabdlica
injetavel, com acédo prolongada de até trés semanas apés administracdo intramuscular
em humanos. Sua substancia ativa € a nandrolona, que comparativamente a
testosterona, apresenta moderado potencial androgénico e elevada atividade anabdlica
(PERRY et al., 2005; SILVA et al., 2007).

Clinicamente os EAA tém sido prescritos para o tratamento de doencas

associadas ao estado catabdlico do paciente, tais como, nas condi¢gbes de AIDS,
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doenca pulmonar obstrutiva crénica, deficiéncia hepética ou renal, cancer, casos de
queimaduras e recuperacao pos-cirargica (SHAHIDI, 2001; KICMAN, 2008). Também
sdo utilizados na reposi¢cdo hormonal pos-menopausa (ARLT, 2006), na restauracao
dos niveis hormonais em homens com hipogonadismo e nos casos de sarcopenia
relacionada com a idade (EVANS, 2004). No entanto, o uso de EAA sem fins
terapéuticos tem sido realizado por muitas pessoas por razdes estéticas e tem se
tornado um problema de salde publica, despertando a atencdo da comunidade

cientifica (CAMARGO et al., 2009b).

1.1.1. Efeitos colaterais dos EAA no organismo

Por mais que a prescricdo e comercializagdo dos EAA esteja controlada em
diversos paises (KICMAN, 2008), tais drogas sao utilizadas indiscriminadamente por
atletas ou nado, na procura por uma melhora no desempenho em curto periodo de
tempo ou simplesmente motivados pela estética (RIBEIRO, 2001).

Geralmente essas drogas sdo administradas em doses suprafisiologicas
(FERMO et al.,, 2008), sendo de cinco a 29 vezes superiores ao nivel basal
recomendado de reposicéo fisioldgica de testosterona (PERRY et al., 2005), ou podem
alcancar até 100 vezes a recomendacado terapéutica para varias doencas (CLARK e
FAST, 1996). Dentro de algumas semanas de suspensdo do tratamento, a forca e
massa muscular sédo reduzidas, tornando esta uma das razdes de seu uso crbnico
(BONETTI et al., 2007).

Numerosos efeitos adversos promovidos pelos esteroides sintéticos séo
dependentes da dose e tempo de uso (SILVA et al., 2002; CUNHA et al., 2004; KAM e
YARROW, 2005; BONETTI et al., 2007). Estes efeitos incluem o aumento da libido,

reducdo do volume testicular, presenca de acne, ginecomastia, calvicie e impoténcia
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(O’SULLIVAN, 2000), aléem de hipertensdo e arterosclerose, coagulacdo sanguinea,
carcinoma hepatico, destruicdo de tendao e desordens psiquiatricas e comportamentais
(MARAVELIAS et al., 2005).

Nas mulheres que cronicamente recebem doses suprafisiolégicas de
andrégenos, os efeitos adversos manifestam-se por masculinizacdo, evidenciada pelo
engrossamento da voz e crescimento de pelos no corpo, atrofia das mamas,
agressividade, irregularidade menstrual e hipertrofia clitoriana (HOFFMAN e
RATAMESS, 2006; KICMAN, 2008). Alguns destes efeitos séo irreversiveis apds a
interrupg&o do uso de EAA, tais como, a hipertrofia clitoriana e o engrossamento da voz
(KAM e YARROW, 2005). As mulheres também s@o acometidas com perturbacdes na
funcdo gonadal, demonstrada por puberdade tardia, deficiéncia da fase Iutea,

oligoamenorreia, anovulagio e menor receptividade sexual (CANNAVO et al., 2001).

1.1.2. Efeito dos EAA na reproducao feminina

Embora os estudos relatem principalmente o uso de EAA por homens, tem-se
observado um aumento significativo do uso por mulheres durante a ultima década
(YESALIS et al.,, 2000; THIBLIN e PETERSSON, 2005). Poucos estudos sobre
quaisquer aspectos dos efeitos dos EAA na populacdo humana ou animal tém sido
realizados em fémeas (CLARK et al., 2006). Este panorama néo se alterou nos ultimos
anos, principalmente na area morfologica reprodutiva.

Apesar de ainda serem escassos 0s estudos sobre os efeitos que os EAA
causam na reproducdo feminina, estudos conduzidos em nosso laboratorio relataram
que o esteroide sintético decanoato de nandrolona é capaz de causar alteracdes no
ciclo estral (GEREZ et al.,, 2005, CAMARGO et al., 2009a; CHUFFA et al.,, 2011;

CAMARGO et al., 2014), alteracdes histopatolégicas nos ovarios e utero (GEREZ et al.,
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2005; CAMARGO et al., 2009a; CHUFFA et al., 2011; CAMARGO et al., 2014) e é
capaz de suprimir a capacidade reprodutiva das fémeas (CAMARGO et al., 2009b;
CAMARGO et al., 2014; BELARDIN et al., 2014). Segundo WOLF et al. (2002), os
esteroides sintéticos também promovem atresia vaginal na progénie exposta in utero

aos efeitos androgénicos.

1.2. EAA: Relacdo com os receptores AR, ER, CYP19 e Inibina e horménios
sexuais

Tanto os EAA quanto seus metabdlitos exercem suas funcdes quando ligados
aos receptores de androgeno (AR). No entanto, os EAA, incluindo a nandrolona, podem
ser aromatizados pela enzima citocromo P450 aromatase em estrogénios que, por sua
vez, exercem suas atividades através dos receptores de estrégeno - ERs (conhecidos
pelas isoformas ER-a e ER-) (SHAHIDI, 2001; CLARK et al., 2006; DRUMMOND et
al.,, 2012). Ambas as sinalizagbes mediadas por AR e ER sao extremamente
importantes para direcionar a acdo dos esteroides nos ovarios, e qualquer alteracéo na
regulacdo horménio-receptor pode comprometer a funcédo deste tecido, e até mesmo
levar a danos fisiopatologicos irreversiveis. A0 mesmo tempo em que 0s andrégenos
apresentam um efeito benéfico sobre a foliculogénese, também apresentam um efeito
adverso, potencializando a atresia folicular e induzindo a apoptose nas células
granulosas (CONWAY et al., 1990; BILLIG et al., 1993).

Segundo EHRAMNN (2005), um ambiente excessivamente androgénico esta
associado a patologias no trato reprodutor feminino, dentre elas a sindrome dos ovarios
policisticos (SOP). Nesta condigcdo, os ovarios exibem aumento no nimero de cistos
foliculares e corpos luteos ocasionais, sendo que as células tecais dos foliculos cisticos

apresentam forte expresséo nuclear para o AR (CHADHA et al., 1994). A morfologia
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ovariana de ratas tratadas com esteroides sintéticos apresenta aspecto similar ao da
SOP (CAMARGO et al., 2014; SIMAO et al., 2015). A expressdo do RNAm e a proteina
ER-B sdo reduzidas nas células granulosas e células tecais de pacientes com SOP
(JAKIMIUK et al., 2002).

Em tecidos ovarianos normais, a expressao dos ARs e ERs varia em quantidade
e tipo celular. Uma representacdo esquematica simplificada do ovario, indicando os

sitios de receptores de horménios esteroides € mostrada na Figura 1.
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Figura 1. Sitios de receptores de hormonios esteroides, sitios celulares de producéo de

horménios esteroides e estruturas foliculares relevantes (DRUMMOND et al., 2002).

A proteina AR e 0 RNAmM AR estdo presentes no odécito, células da granulosa e
células da teca dos ovarios de roedores (TETSUKA et al., 1995; SZOLTYS e
SLOMCZYNSKA, 2000). A imunomarcacdo do AR diminui progressivamente nas
células granulosas periféricas dos foliculos antrais no Ultimo estagio de
desenvolvimento, mas um pouco das células que margeiam o antro e o cumulus
mantém forte coloracdo AR-positiva (SZOLTYS e SLOMCZYNSKA, 2000). Embora a

expressao do AR esteja presente nos varios estagios de desenvolvimento folicular, o
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padrdo distinto desta expressédo é mostrado dentro dos foliculos de diferentes espécies
de mamiferos, na qual se pode destacar a importancia do estdgio de desenvolvimento
folicular e as diferencas espécies-especificas para a expressao do AR (WALTERS et
al., 2008).

Os androgenos exogenos exercem efeitos inibidores ou estimulantes nos
diferentes estdgios de desenvolvimento folicular (WANG e CHANG, 2004; WALTERS
et al., 2008). No entanto, ndo é bem conhecido se os efeitos se devem somente ao
mediador AR ou também a conversao do andrégeno a outros esteroides, com potencial
de exercer acdes indiretas, tais como, a via ER. Segundo CHADA et al. (1994),
pacientes transexuais que recebem altas doses de andrégeno exdégeno durante um
longo periodo de tempo, fornecem a oportunidade Unica e eticamente aceitavel para
estudar os efeitos morfoldgicos e endécrinos dos andrégenos sobre os ovarios e Utero.
No entanto, nas ultimas décadas, o emprego de linhagens animais AR Knockout e ER
Knockout tem contribuido significativamente para ampliar o conhecimento sobre o
papel destes receptores nos tecidos reprodutivos.

O estrogeno é um modulador intrafolicular essencial para a foliculogénese, com
funcdes independentes atribuidas a cada uma das isoformas, ER-a e ER-B. O ER-B é a
forma predominante nos ovarios, expresso principalmente pelas células granulosas. E
requerido para a formacéo do antro, maturacao do foliculo pré-ovulatorio, expresséo de
genes envolvidos na diferenciacdo ovariana (LH, aromatase, etc), e ruptura folicular
durante a ovulacdo. O ER-B também pode exibir propriedades antitumorigénicas ao
inibir o crescimento e estimular a apoptose celular a partir do aumento da expresséo do
receptor em células epiteliais cancerosas que tipicamente apresentam um declinio nos
niveis de ER-B (DRUMMOND et al., 2012). Em pacientes com SOP, a expressao do

ER-B é reduzida nas células granulosas e células tecais (ZURVARRA et al., 2009). O
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ER-a, embora ndo predominante nos ovarios, € importante para a manutencao da
fertilidade e funcao ovariana (DRUMMOND et al., 2002). A presenca do receptor tem
sido demonstrada pela imunohistoquimica na superficie epitelial ovariana e nas
inclusdes cisticas epiteliais de mulheres na pdés-menopausa (MENDEZ et al., 2013).

Os ERs séo encontrados em altos niveis nos tecidos femininos para a funcao
reprodutiva, incluindo os ovarios, utero, cérvix e glandula mamaria. O desenvolvimento
de modelos de camundongos transgénicos nos quais ocorrem a auséncia de
estrégenos ou ER fornece uma ferramenta valiosa na definicdo dos mecanismos pela
qual os estrogenos exercem seus efeitos nos varios sistemas (HEWITT et al., 2000).
Assim, os ovarios do tipo natural mostram desenvolvimento folicular normal e
indicagbes de ovulacdo. Os ovéarios a-ERKO mostram grandes estruturas cisticas
hemorragicas e prejuizo no desenvolvimento folicular sem indicacdo de ovulagéo,
enquanto os ovarios B-ERKO mostram ocorréncia de desenvolvimento folicular, mas

com pouca indicagéo de sucesso na ovulagéo (Figura 2).

Wild-type oERKO

Figura 2. Patologia ovariana de fémeas de camundongos ERKO (HEWITT et al.,
2000).

CHUFFA et al. (2013) demonstraram que a expressdo dos AR, ER e PR
(receptor de progesterona), nos 6rgaos genitais femininos internos, sdo muito sensiveis
aos efeitos toxicos de substancias quimicas, como por exemplo, o etanol e a

melatonina, e que ndo obstante, também foram correlacionados com alteragbes dos
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niveis de LH, estradiol e progesterona. O papel dos estrogenos e androgenos
mediados pelos seus receptores especificos j4 € bastante documentado na literatura,
porém € ainda incerta a acdo dos EAA sobre a regulacdo dos complexos E2-ER e
androgeno-AR. A elevada expressdo de AR nas células estromais e epiteliais uterinas
indica uma influéncia direta dos andrégenos na manutencdo das fungbes do Utero,
contudo, ainda é alvo de debate se a suplementacdo com andré6genos mantém ou
suprime os niveis de AR. Por outro lado, TIBBETTS et al. (1998) evidenciaram que o
aumento de estradiol est4 associado com a reducdo da expressao de ER pelo Utero,
enquanto a progesterona € capaz de reduzir tanto os ERs quanto os proprios
receptores de progesterona (PRS).

MATSUMOTO et al. (2008) relataram que pouco se conhece sobre a acao dos
andrégenos na fisiologia feminina, e que a sinalizacdo de androgeno mediada pelo AR
também desempenha uma funcdo importante no sistema reprodutor feminino. A
importancia foi demonstrada através de fémeas de camundongos AR Knockout (ARKO)
— Figura 3. Assim, nos ovarios deficientes de AR, as fémeas com 8 semanas de idade
apresentaram aumento no numero de foliculos atrésicos e reducdo no numero de
corpos lateos. Na 402 semana, os ovarios nao exibiram foliculos e as fémeas tornaram-
se inférteis, reforcando a evidéncia de um papel essencial do AR também na funcéo

reprodutiva feminina.

(a) 8 week

ARKO
female female female

Figura 3. Deficiéncia ovariana prematura em fémeas de camundongos ARKO.

Histologia do ovario ARKO na 82 e 402 semana de idade (MATSUMOTO et al., 2008).
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A etapa mais importante na esteroidogénese da mulher € a aromatizacdo dos
andrégenos, a qual resulta na geracdo de estrégenos. Este processo é mediado pela
enzima citocromo P450 aromatase e € observada no reticulo endoplasmatico de
células granulosas dos ovarios (CARREAU et al., 2002; KIRILOVAS et al., 2006). A
atividade desta enzima diminui gradualmente nos ovarios apdés a menopausa e é
significativamente reduzida apds 10 anos da ultima menstruacdo (BRODOWSKA et al.,
2014). E bem documentado que a administracdo de EAA causa aumento dos niveis de
estrégenos circulantes pela atividade da enzima citocromo P450 aromatase (CYP19).
Os andrdgenos regulam a expressdao do mRNA e acentuam a atividade da enzima
aromatase via AR (ROSELLI e RESKO, 1993), e também atuam diretamente como
substrato para a aromatase.

Em estudo realizado com homens envolvendo a administragdo do EAA
decanoato de nandrolona em combinacdo com outros esteroides sintéticos mostrou
reducdo dos niveis séricos de testosterona (53%), LH (77%) e FSH (87%), e aumento
dos niveis de estradiol (45%). Além disso, o tecido glandular mamario desses homens
apresentou um aumento da expressdo de AR e ER, onde os ERs foram
significativamente mais abundantes no citosol e nucleo da célula em comparacéo aos
ARs (CALZADA et al., 2001).

Relacionadas ao controle da secre¢cdo do FSH as inibinas sdo moléculas
multifuncionais que possuem duas formas moleculares ativas na circulagéo, a inibina A
e a inibina B, cuja expressao no ovario humano foi demonstrada nas células granulosas
de foliculos antrais e pré-ovulatérios, e células luteinicas de corpos lateos ativos, e o
padrdo se altera durante o ciclo sexual (HAYES et al., 1998; LUISI et al., 2005). A
expressao da inibina € escassa ou ausente nas células tecais e células intersticiais

(YAMOTO et al., 1992). A inibina A é secretada principalmente pelo corpo luteo, e esta
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envolvida no feedback negativo do controle de secrecdo do FSH durante a fase de
transicdo luteal-folicular. No ultimo estagio de desenvolvimento folicular dominante, a
inibina A esta quatro vezes mais concentrada no fluido folicular que no soro (KLEIN et
al., 1996). As concentracdes de inibina A podem servir como fator progndstico para
prever a retomada da fungdo ovariana (LUISI et al., 2005). A inibina B é secretada
pelos foliculos antrais em resposta ao FSH, e € o principal marcador de crescimento
folicular. Dessa maneira, o nivel de inibina B é um marcador da funcdo ovariana, na
qual pode tornar-se util para identificar a capacidade de resposta a inducdo da
ovulagao (LUISI et al., 2005). Nos tumores estromais, particularmente nos tumores das
células da granulosa, a inibina é um valioso marcador tumoral (ROBERTSON et al.,
2002, 2007; MOM et al., 2007; WALENTOWICZ et al., 2014). Os niveis séricos de
inibina total séo elevados em mulheres com cancer ovariano, em particular aqueles
tumores de células granulosas e aqueles com subtipo mucoso de carcinoma epitelial
(ROBERTSON et al.,, 2004). Conforme COOKE et al. (1995), ha duas possiveis
explicacbes para que a inibina funcional seja secretada pelos tumores epiteliais.
Primeiro, ela pode refletir uma resposta estromal para o tumor. Segundo, pode refletir a
habilidade intrinseca da superficie epitelial do ovario para secretar inibina, tal como a
origem embriolégica € compartiihada com o resto do tecido genital. No caso da
sindrome dos ovarios policisticos hd um aumento nos niveis de inibina devido a
persisténcia de um grupo de pequenos foliculos que contribuem para a associagcao de
inibinas circulantes, mas o ritmo pulsatil da secrecdo de inibina B é atenuado
(LOCKWOOD et al., 1998).

Tendo em vista que os efeitos dos EAA sao dependentes da dose e do tecido, e,
sobretudo, variam conforme o periodo de exposicdo, a idade e o sexo, estudos sao

necessarios para esclarecer o papel dos EAA frente a interface hormoénio-receptor nos
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tecidos reprodutivos femininos. Neste contexto, haveria maiores prejuizos reprodutivos
a medida que se aumenta a dose do esteroide? Haveria reversibilidade dos efeitos
colaterais ap6s um periodo de repouso? Qual € a resposta histoquimica e hormonal na
comparacao das doses e periodos de avaliagdo?

Com base nessas questdes, 0 presente projeto tem como hip6tese de que ha
uma relacdo dose-dependente do tratamento com decanoato de nandrolona sobre os
efeitos colaterais na capacidade reprodutiva, resposta hormonal, imunoexpressédo dos
receptores esteroidais e sobre as alteracdes histopatologicas no tecido ovariano e
uterino de ratas, em consequéncia, a possibilidade de recuperacdo tendera a ser
periodo-dependente, com a maior dose esteroidal necessitando de um maior periodo

de repouso para a reversibilidade das injarias ocasionadas pelo tratamento com o EAA.
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.  OBJETIVOS

O objetivo do estudo foi avaliar os efeitos de diferentes doses de decanoato de
nandrolona nos ovarios e utero de ratas, nos periodos de tratamento e em dois
periodos de recuperacédo distintos (30 e 60 dias), por meio de imunolocalizacdo dos
receptores androgénicos (AR), estrogénicos (ER-a e ER-B), citocromo P450 aromatase
(CYP19) e inibina A, envolvidos na regulacdo hormonal e determinar os niveis séricos
dos horménios FSH, LH, estradiol, progesterona, testosterona e DHT. Também se
objetivou avaliar o ciclo estral das ratas nos diferentes periodos do estudo, e se 0s

efeitos colaterais séo reversiveis ap0s a interrupcéo do tratamento esteroidal.
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Dose-Dependent Effects and Reversibility of the
Injuries Caused by Nandrolone Decanoate in Uterine
Tissue and Fertility of Rats

Larissa Berloffa Belardin,' Vinicius Augusto Simao,! Gabriel Adan Aratjo Leite,’
Luiz Gustavo de Almeida Chuffa,? and Isabel Cristina Cherici Camargo!'*

1Faculty of Sciences and Letters, Department of Biological Sciences, Univ Estadual Paulista—UNESP, Assis, Sao Paulo, Brazil
2Department of Anatomy, Institute of Biosciences, Univ Estadual Paulista—UNESP, Botucatu, Sdo Paulo, Brazil

This study is the first to investigate the effects of different doses of nandrolone decanoate (ND) upon uterine tissue and
fertility, and if the reproductive alterations can be restored after cessation of the treatment. Wistar female rats were treated
with ND at doses of 1.87, 3.75, 7.5, and 15 mg/kg body weight, diluted in vehicle (n = 30/group), or received only
mineral oil (control group, n = 45). The animals were divided into three periods of study: ND-treated receiving a daily
subcutaneous injection for 15 consecutive days (1), and treatment with ND followed by 30-day recovery (2), and 60-day
recovery (3). At the end of each period, five females per group were induced to death to histopathological analysis and
the others were allowed to fertility evaluation (at 19th gestational day). Animals that received ND followed by 30-day
recovery exhibited persistent diestrous and marked suppression of reproductive capacity. Conversely, after 60-day recov-
ery, only lowest doses females (1.87 and 3.75 mg/kg) exhibited restoration of normal estrous cyclicity. Uterine weights
were increased after ND treatment similarly to that of the controls after 60-day recovery. The ND-treated groups showed
histopathological changes in the endometrium, myometrium, and perimetrium, and an increase in the thickness of both
muscular and serous layers. Notably, the recovery of uterine tissue after ND treatment was dose- and period-dependent.
We reported that administration of ND promoted damage in uterine tissue and fertility of rats, and the recovery periods
were insufficient to restore all of the side effects caused by ND under a dose-dependent response. Birth Defects Res (Part B)
101:168-177, 2014. © 2014 Wiley Periodicals, Inc.

Key words: nandrolone decanoate; uterus; histomorphometry; fertility;
recovery period; reproductive toxicology; rats

INTRODUCTION

Anabolic androgenic steroids (AASs) are synthetic drugs
derived from testosterone (Bahrke and Yesalis, 2004),
clinically recommended for androgen replacement ther-
apy and treatment of refractory anemia, hereditary an-
gioedema, breast cancer, as well as during cachexia
and sarcopaenia associated with the catabolic state of
the patients (Shahidi, 2001; Karbalay-Doust and Nooraf-
shan, 2006; Kicman, 2008). AASs, including testosterone

therapeutic dose recommended for the treatment of vari-
ous diseases (Clark and Fast, 1996).

Administration of AASs by women is associated with
certain androgenic effects such as hyrsutism, deepening
of the voice, clitoral enlargement, breast atrophy, and
menstrual irregularities (Bahrke and Yesalis, 2004; Hoff-
man and Ratamess, 2006; Kicman, 2008). Moreover, al-
terations in gonadal function such as delayed puberty,
luteal phase deficiency, oligo-amenorrhea, or anovulation

and its analogues, have also been used by adolescents
and adults, athletes, and nonathletes to increase mus-
cle mass, strength, and physical dexterity (Iriart and
Andrade, 2002).

In modern society, AASs are used by many people for
aesthetic reasons and its use has increased among youth
and adult. AASs are often administered at supraphysio-
logical doses (Fermo et al., 2008), which are 5- to 29-fold
higher than the dose recommended for the hormonal re-
placement (Perry et al., 2005) or reach up to 100 times the

may occur in women who use these drugs (Cannavo
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et al., 2001). Unfortunately, some of these changes are
irreversible after cessation of AAS treatment (Kam and
Yarrow, 2005).

Although the deleterious effects promoted by AASs are
well documented, few studies have focused attention to
their effects on female reproductive tissues and fetal pa-
rameters. Our previous studies reported that ND is able
to cause changes in the estrous cycle (Gerez et al., 2005;
Camargo et al., 2009a; Chuffa et al., 2011), histopathologi-
cal alterations in the ovaries and uterus (Gerez et al., 2005;
Camargo et al., 2009a; Chuffa et al., 2011), and damage to
the fertility (Camargo et al., 2009b). Synthetic steroids also
promote vaginal atresia in offspring exposed “in utero”
to the androgenic effects (Wolf et al., 2002). However, no
study have evaluated the dose-dependent effect of the
ND on uterine tissue and gestational parameters, and if
the side effects can be reversed after the cessation of the
steroidal treatment.

To better understand this issue, the study was con-
ducted to verify the effects of different doses of ND upon
uterine tissue and fertility, and if the reproductive alter-
ations can be restored following 30- and 60-day recovery
after cessation of treatment.

MATERIALS AND METHODS
Animals and Experimental Design

One hundred sixty-five adult female Wistar rats (Rattus
norvegicus albinus), 12-week old (weighing + 250 g), were
obtained from the Univ. Estadual Paulista (UNESP—
Botucatu, SP, Brazil) and kept in appropriate cages at
the Faculty of Sciences and Letters (UNESP—Assis, SP,
Brazil). The females were weighed and randomly divided
into four experimental groups (n = 30/group): Group 1,
rats receiving doses of 1.87 mg ND/kg body weight (BW)
+ vehicle, via s.c., for 15 consecutive days; Group 2, rats
receiving doses of 3.75 mg ND/kg BW + vehicle, via s.c.,
for 15 consecutive days; Group 3, rats receiving doses of
7.5 mg ND/kg BW + vehicle, via s.c., for 15 consecu-
tive days; Group 4, rats receiving doses of 15 mg ND/kg
BW + vehicle, via s.c., for 15 consecutive days. Two con-
trol groups received 0.1 mL mineral oil as vehicle (con-
trol group induced to death in estrous—CE, n = 30; con-
trol group induced to death in diestrous—CD, n = 15).
The CD group was used in this study based on previous
report that AAS treatment promotes persistent diestrous
(Camargo et al., 2009a,2009b; Bento-Silva et al., 2010).
Then, the arrangement of CE and CD groups will com-
pare the results between the groups with regular estrous
cycle, and groups with abnormal estrous cycle.

The doses of ND are similar to an adult weighing
70 kg (ranging from 147 to 1190 mg ND; Evans, 1997),
mimicking the therapeutic doses used for treating sev-
eral diseases or body disturbances. According to the al-
lometric calculation (Reagan-Shaw et al., 2007), the doses
of 1.87, 3.75, 7.5, and 15 mg ND/kg represent, respec-
tively, 0.30, 0.61, 1.22, and 2.43 mg ND/kg in humans. The
therapeutic doses recommended for treating osteoporo-
sis, hypogonadism, and chronic renal failure are, respec-
tively, 50 mg ND/3 weeks, 100 mg ND/week, and 100 to
200 mg ND/week. Importantly, a nonmedical dose of ND
can range from 200 to 3200 mg/week (Evans, 1997).

Birth Defects Research (Part B) 101:168-177, 2014

Following the treatment period, each experimental
group was redistributed according to the three periods
of study (n = 10 animals/group/period): ND-treated re-
ceiving a daily subcutaneous injection for 15 consecutive
days (1), and treatment with ND followed by recovery for
30 days (2), and 60 days (3). At the end of each period,
the females (1 = 5/group) were induced to death and the
uterus was collected and processed for histological tech-
niques, and the remaining five rats per group were mated
and allowed to fertility study (Fig. 1 A-C).

All animals were housed in polypropylene cages (43
cm x 30 cm x 15.0 cm) with laboratory-grade pine shav-
ings as bedding and also maintained under controlled
room temperature (23 £ 1°C) and lighting conditions
(12 hr/12 hr light/dark photoperiod, lights switched on
at7 a.m.).

Nandrolone decanoate (4-estren-17B-ol-3-one 17-
decanoate) was purchased from Schering-Plough
Laboratory (Sdo Paulo, Brazil) as an injectable solution,
containing 50 mg of the androgen. The treated females
received different doses of ND (1.87, 3.75, 7.5, and
15 mg/kg BW of Deca Durabolin), available as oily
solution (Marqueti et al., 2010). ND injections were ad-
ministered at the same time (11:30 a.m.) to minimize the
changes in estrous cycle. Control groups were handled
and received the same procedure applied to the treated
groups. All animals received tap water and commercial
Nuvital chow ad libitum. The experimental protocol fol-
lowed the ethical principles in animal research adopted
by the Brazilian College of Animal Experimentation
(Permit number: 005/2011).

BW Gain

Individual BW (g) was measured weekly and the dif-
ference between the final and initial BW was divided by
the number of weeks in each period of evaluation. The
determination of BW was carried out using an analytical
balance.

Assessment of Estrous Cycle

During the experiment, all of the animals were accom-
panied by cytological examination (vaginal swabs) in the
three periods of study (n = 10/group/time point). Cells
detaching from the vaginal epithelium were removed
with a pipette (Lab Mate, Colonia, New Jersey, 0.5-10 p.l).
The filter tips containing 10 wl of 0.9% saline solution
(Marcondes et al., 2002) were discarded after the vaginal
secretion had been transferred to clean slides. The time
of collection was fixed at 9 a.m. Each slide was analyzed
under a light microscope (Olympus CX31 RBSFA, Japan)
at 10x and 25x magnification. This method is similar to
Goldman et al. (2007). The phases of cycle were identi-
fied as: (1) proestrous, consisting of clusters of round, nu-
cleated epithelial cells; (2) estrous, with predominance of
enucleated cornified cells; (3) metaestrous, consisting of a
combination of leukocytes and cornified rounded epithe-
lial cells; (4) diestrous, with predominance of leucocytes
(Goldman et al., 2007).
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Fig. 1. Detailed chronological schedule for the experimental design (days). (A) Ten rats per dose level (1.87, 3.75, 7.5, and 15 mg ND/kg)
were set aside for end of dosing period, five induced to death, and five put into mating trial after which were allowed to gestate until the
19th day (GD19). (B) Ten rats per dose level (1.87, 3.75, 7.5, and 15 mg ND/kg) were maintained for 30-day recovery evaluation with five
induced to death and five put into mating trial after which were allowed to gestate until the 19th day (GD19). (C) Ten rats per dose level
(1.87,3.75,7.5, and 15 mg ND/kg) were maintained for 60-day recovery evaluation with five induced to death and five put into mating

trial after which were allowed to gestate until the 19th day (GD19).

Histopathological Analysis

After the experimental period, the females (n =
5 rats/group) displaying regular or irregular estrous
cycle were induced to death through a lethal dose
of sodium thiopental (Thiopentax, Cristalia, Sdo Paulo,
Brazil), via i.p. The uterine horns were collected and
weighed, being obtained the relative weight (organ
weight/BW x 100), expressed as g%.

The uteri were fixed in Bouin’s solution and processed
by the usual histological routine for paraffin embed-
ding (Paraplast Labware-Oxford, St. Louis, MO). The
blocks were sliced into 5-pm-thick sections in a RM2125
LEICA microtome (Germany) and stained with Mallory’s
tricromic (for collagen fibers, muscle fibers, cytoplasm,
mucus, and ground substance; Tolosa et al., 2003), Van
Gieson (for collagen and elastic fibers; Jocelyn and Bruce-
Gregorios, 1974), and periodic acid-Schiff-Hematoxylin
(PAS-H) (for polysaccharides such as glycogen, and
mucosubstances such as glycoproteins and glycolipids;
Tolosa et al., 2003) for distinguishing cellular from
extracellular matrix components in uterine layers. His-
tological samples of uterine horns were handled in a
blinded fashion study. Finally, the slides were analyzed
and captured with a digital photomicroscope. Based on
the cross-sections of the uterus, the following parame-
ters were measured: height of the luminal epithelium,
and thickness of the endometrium, myometrium, and
perimetrium layer (um). All measurements were per-
formed in optical microscope (Scope Al-Axio [Carl Zeiss,
Germany] coupled with video-camera AxioCam ICc3
[Carl Zeiss] and digitalized by the software Axio Vision,
version 4.7.2).

Fertility Study

At the end of the experimental period, five females per
group were individually mated with an untreated adult
male (Wistar, 120 days of age, weighing + 280 g), obtained
from the Univ. Estadual Paulista (UNESP—DBotucatu,
SP, Brazil), and maintained in the Central Biotherium of
the Faculty of Sciences and Letters (UNESP—Assis, SP,
Brazil). The couples of rats were kept together for addi-
tional 4 hr after first evidence of sperm in vaginal smear,
allowing a greater number of ejaculations. After mating,
the presence of sperm in the morning vaginal smear was
indicative of fertilization and was considered as day 1
of gestation (GD1). Pregnant females were kept in indi-
vidual cages. On the 19th gestational day (GD19) after
administering ketamine (40 mg/kg BW) and xylazine
(20 mg/kg BW), via intramuscular, the abdominal cavity
was opened to examine some structures. We recorded
the number of implantations, number of gravid corpora
lutea, number of live fetuses, litter size, fetal weight,
and number of resorptions. The following formula were
used: copulation rate (number of females with sperm
in the smear/number of mated females in the group) x
100; fertility rate (number of pregnant females/number
of copulated females) x 100; implantation rate (number
of implants/number of corpora lutea) x 100; pre-
implantation loss rate (number of corpora lutea — number
of implantations/number of corpora lutea) x 100, and
post-implantation loss rate (number of implants — num-
ber of fetuses/number of implants) x 100, as described
by Wato et al. (2009). The evaluation of fetotoxicity was
performed through analysis of fetal external morphology,
with a stereomicroscope (Citoval 2, Carl Zeiss).
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Table 1
Evaluation of Estrous Cycle (Days) and Frequency of Persistent Arrest in Estrous and Diestrous Stage During the Whole
Experimental Period (N = 10/Group)

Experimental groups (n = 10/group)/period

Treatment period

Parameters Diestrous control” 1.87 mg/kg 3.75mg/kg 7.5mg/kg 15 mg/kg
Number of estrous 4+1a 1+£1b 1+£2b 1+£0b 1+£0b
Number of diestrous 3+2a 13+ 1b 11 +1b 12+ 1b 13+ 1b
Cycle duration (days) 5+25 Acyclic Acyclic Acyclic Acyclic
Post-treatment recovery for 30 days
Parameters Diestrous control” 1.87 mg/kg 3.75mg/kg 7.5mg/kg 15 mg/kg
Number of estrous 6+1a 0+£0b 0+0b 0+0b 0+0b
Number of diestrous 6+1la 30 £ 0b 30 £ 0b 30 £ 0b 30 £ 0b
Cycle duration (days) 5+ 25 Acyclic Acyclic Acyclic Acyclic
Post-treatment recovery for 60 days
Parameters Estrous control” 1.87 mg/kg 3.75 mg/kg 7.5 mg/kg 15 mg/kg
Number of estrous 17 £ 3a 3+ 7ab 4+ 1ab 1+ 1bc 0+0c
Number of diestrous 14 £ 3a 52 £ 16 ab 50 £ 7 ab 58 &+ 2bc 60 £ 0c
Cycle duration (days) 4+1a 6+ 3a 6+2a Acyclic Acyclic
Resumption cycle (days) — 44 + 14a 40+1a 58 +£1b Acyclic

Within each line, values followed by different letters indicate statistical differences among the groups (p < 0.05). Data are expressed as

the median + interquartile deviation.
*Control group induced to death in the diestrous phase.
**Control group induced to death in the estrous phase.

Statistical Analysis

The results were analyzed through parametric analysis
of variance (ANOVA) complemented with the Tukey test,
when the data presented normality and homoscedastic-
ity, and were expressed as the mean + standard devia-
tion. Nonparametric Kruskal-Wallis test, followed by the
Student-Newman—Keuls test, was performed when the
data presented nonnormal distribution, and the results
were expressed as the median =+ interquartile deviation.
Statistical significance was set at p < 0.05.

RESULTS
Estrous Cycle Examination

As shown in Table 1, all of the animals that received dif-
ferential doses of ND and had post-treatment recovery for
30 days displayed continuous diestrous during the whole
period. However, post-treatment recovery for 60 days was
able to restore regular estrous cycle in animals treated
with lowest doses (1.87 and 3.75 mg/kg); half of the fe-
males treated with 7.5 mg ND/kg were kept in diestrous
while the other animals restored regular estrous cycle at
58-day recovery; animals that received the highest dose of
ND (15 mg/kg) exhibited permanent diestrous until the
end of experimental period.

BW Gain and Uterine Weight

Due to individual effect of treatment on estrous stage
arrest and to maintain similar conditions for analysis, the
ND-treated groups and ND-treated groups followed by
30-day recovery were compared with CD group, while
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ND-treated groups followed by 60-day recovery were
compared with CE group.

Table 2 shows that initial BW was similar (p > 0.05)
among the groups, regardless of treatment and recov-
ery period. According to the statistical analysis, the final
BW was higher (p < 0.05) only in the group receiving
7.5 mg ND/kg compared to untreated animals after re-
covery for 30 days.

The BW gain was higher (p < 0.05) in androgenized
groups at the end of dosing period, and maintained
higher in those animals receiving doses of 3.75 and
7.5 mg ND/kg at 30 days after the last dose (Table 2).
All doses in the post-treatment recovery for 60 days pro-
moted the same BW gain (p > 0.05). There was a gradual
decrease in the BW gain after the cessation of ND admin-
istration when 30- and 60-day recovery was considered.

Notably, ND-treated rats had a significant increase
(p < 0.05) in uterine weights at the end of treatment com-
pared to that of control in diestrous, except the group
treated with low dose (Table 2). After the recovery peri-
ods for 30 and 60 days, the uterine weights were similar
to the respective control group, and only animals that re-
ceived higher doses (15 mg ND/kg) had increased uterine
weights compared to low dose treated groups (1.87 and
3.75 mg ND/kg) after 30-day recovery. At the end of treat-
ment, uterine weights were increased but were similar to
control at 60 days after last dose (Table 2).

Uterine Histomorphometry

To maintain similar conditions based on the results of
estrous cycle, uterine tissues were analyzed in diestrous
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Table 2
Initial and Final Body Weight (g), Body Weight Gain (g) and Relative Uterine Weight (g%; Uterine Weight/Final Body
Weight x 100) in the Different Groups and Experimental Periods (N = 10/Group)

Experimental groups (n = 10/group)/period

Treatment period

Parameters Diestrous control” 1.87 mg/kg 3.75 mg/kg 7.5 mg/kg 15 mg/kg
Initial body weight 245 £ 194 a 246 £ 19a 252 + 26.05a 251 £ 235a 246 £+ 10.7 a
Final body weight 275 + 203 a 292 + 36.7a 296 + 273 a 298 + 28.8a 298 + 204 a
Body weight gain" 8+ 15a 19 + 145b 24 + 45b 24 + 15b 26 + 6b
Uterine weight’ 0.13 £ 0.04a 0.23 £+ 0.02 ab 027 +£ 0.12Db 0.32 £ 0.28b 0.28 + 0.02Db
Post-treatment recovery for 30 days
Parameters Diestrous control” 1.87 mg/kg 3.75 mg/kg 7.5mg/kg 15 mg/kg
Initial body weight 269 + 20.5a 292 + 314a 283 + 32.8a 294 + 232a 292 £ 112a
Final body weight 289 + 30a 320 &+ 32.4ab 340 & 38 ab 352 & 36.6 b 321 &+ 11.7 ab
Body weight gain" 525 £ 32a 625 £ 15a 11 £5b 15 £ 5b 6.5 £ 0.2ab
Uterine weight’ 0.18 £+ 0.03 ac 0.12 £ 0.01a 0.14 + 0.05ab 0.16 = 0.02 bc 0.23 £ 0.03 c
Post-treatment recovery for 60 days
Parameters Estrous control™ 1.87 mg/kg 3.75 mg/kg 7.5mg/kg 15mg/kg
Initial body weight 275 £ 89a 308 £ 185a 292 + 232a 305 + 343a 285 £+ 21.8a
Final body weight 308 &+ 20.1a 339 £ 3.0a 344 + 303 a 355 + 53.1a 336 + 24.8a
Body weight gain" 401 £ 18a 3.89 £ 3.0a 6.65 £ 19a 6.87 £ 33a 614 £21a
Uterine weight’ 0.16 £ 0.02a 018 £ 0.01a 0.16 = 0.06 a 0.15 £ 0.03a 0.18 £ 0.03a

Within each line, values followed by different letters indicate statistical differences among the groups (p < 0.05). Body weight gain ranged
from 1 to 15 days for treatment period, 1 to 45 days for 30-day recovery groups, and 1 to 75 days for 60-day recovery groups.
*Data are expressed as the median =+ interquartile deviation. For initial and final body weight, the values are as the mean =+ SD.

**Control group induced to death in the diestrous phase.
***Control group induced to death in the estrous phase.

stage for all experimental groups in treatment period and
at 30-day recovery after last dose. At 60-day recovery after
last dose, uterine tissues were compared to control group
in estrous stage, since the cyclicity was restored.

After ND treatment, a different pattern of uterine mor-
phological architecture was found between the animals
receiving doses of ND (Fig. 2D, G, ], M) and the control
group (Fig. 2A). In androgenized females, a thin papil-
lary epithelium constituted by elongated and irregular
projections was notable in the group of 115 mg ND/kg,
and the presence of various folds in the group of 3.75
and 7.5 mg ND/kg. The height of the luminal epithelium
was reduced (p < 0.05) in ND-treated groups compared
to the control group (Table 3), and the greatest reduction
occurred with the dose of 7.5 mg ND/kg. The endome-
trial stroma showed remarkable edema in the groups
receiving lower doses of steroids (Fig. 2D, G), and the
thickness of the uterine tissue was reduced (p < 0.05) in
the groups that received higher doses of ND (Table 3)
compared to the control and low-dose groups. There
was a disruption of the morphological architecture
of the myometrium in ND-treated groups (Fig. 2G, ])
and a significant increase (p < 0.05) in the thickness of
myometrium layer (Table 3). Also, a significant increase
in the thickness of perimetrium was found in the groups
treated with lower doses (1.87 and 3.75 mg ND/kg)
and with the highest dose (15 mg ND/kg) compared to
the CD group. The dose of 7.5 mg ND/kg appears to
have no effect on perimetrium layer, suggesting that this

layer is more responsive to either lower or higher dose
of ND.

After the recovery period for 30 days, the epithelial
papillae became mild or absent in the ND-treated groups,
while endometrial stroma was predominantly fibrocellu-
lar (Fig. 2B, E, H, K, N). No significant difference (p > 0.05)
in the height of the luminal epithelium was seen between
the experimental groups (Table 3); however, the thickness
of the endometrial stroma was reduced (p < 0.05) in ND-
treated groups. The myometrium remained thicker in all
of the groups treated with different doses of ND (Fig. 2E,
H, K, N and Table 3), and the perimetrium was thicker
in the groups that received 1.87, 3.75, and 15 mg ND/kg
when compared to the control (Table 3).

After the recovery period for 60 days, the endometrium
of the rats that received 1.87 and 3.75 mg ND/kg exhib-
ited the same histological aspect to that observed in the
control group (Fig. 2C, F, I), but the epithelium height
and stromal thickness varied between these groups. At
doses of 7.5 and 15 mg ND/kg, the endometrium showed
histopathological changes mainly characterized by
limited amount of stromal components and presence of
glandular cysts (Fig. 2L, O). The epithelium remained
thin (p < 0.05) in the group treated with 15 mg ND/kg,
and endometrial stroma showed reduced thickness in
the groups that received 3.75, 7.5, and 15 mg ND/kg
comparatively to control group—CD (Table 3). In all
ND-treated groups, the myometrium and perimetrium
remained thicker after 60-day recovery (Table 3).
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Treatment Period Recovery for 30 days Recovery for 60 days

Control

7.5 mg ND/kg 3.75 mg ND/kg 1.87 mg ND/kg

15 mg ND/kg

Fig. 2. Photomicrographs of the uterine tissue in ND-treated rats, and after recovery for 30 and 60 days, respectively. Controls (Fig.2 A, B
indicates control in diestrous, and C indicates control in estrous), 1.87 mg ND/kg (Fig. 2 D-F), 3.75 mg ND/kg (Fig. 2 G-I), 7.5 mg ND /kg
(Fig. 2 J-L), and 15 mg ND/kg (Fig. 2 M-O). All of the ND-treated groups, regardless of dosage, presented endometrial papillary projec-
tions (arrows), stromal edema (asterisk), paucity of endometrial connective tissue (E), and disruption of the muscle fibers (arrowhead) in
the myometrium (M). Recovery for 30 and 60 days maintained the pattern of cross-section papillary projections. GC, glandular cysts; C,
uterine cavity; L, luminal secretion with polymorphonuclear leukocytes. Mallory’s trichrome (A, B, F, G, H, ], L, O); Van Gieson (C, D, E,
I, K, M); PAS-H (N). Bar = 300 pm.
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Table 3

Histomorphometric Parameters (.wm) Regarding Three Distinct Uterine Layers in Rats from Different Experimental
Groups and Periods. Values are Expressed by Using 10 Repetitions (um x 10)/Animal/Group

Experimental groups (1 = 5/group)/period

Treatment period

Parameters Diestrous control” 1.87 mg/kg 3.75mg/kg 7.5 mg/kg 15 mg/kg
Luminal epithelium 252 + 11.3a 20 +£ 11.3b 19.7 4+ 10.08 b 16.7 £ 7.7 ¢ 195 + 8.6b
Endometrial stroma 350 + 3614 a 339.3 £ 167.2a 308.5 +£ 291 a 142.3 + 163.7b 229.6 + 279.3 ¢
Myometrium 320 + 129.2a 523.7 + 283.6b 585.6 + 355.5b 389.8 + 131.5¢ 523.1 + 236.5b
Perimetrium 164 + 10.6 a 323 + 18b 23 £ 178¢ 192 + 105a 25.7 £+ 18.6 bc
Post-treatment recovery for 30 days
Parameters Diestrous control” 1.87 mg/kg 3.75mg/kg 7.5mg/kg 15 mg/kg
Luminal epithelium 219 £ 10.1a 225 + 8.7a 24 +9.04a 24.7 + 114 a 21.1 £ 9.05a
Endometrial stroma 548.1 + 569.8 a 1426 + 111b 1744 4+ 212.3b 107 + 60.3 ¢ 296.1 + 1745d
Myometrium 299.1 £ 1459a 530 + 209 b 553.3 £ 128.8b 413.8 £ 1323 ¢ 579.6 £ 296.2b
Perimetrium 19.7 £ 87 a 333 +£20b 29.6 + 20.8b 19.8 + 88a 252 + 139¢
Post-treatment recovery for 60 days
Parameters Estrous control™ 1.87 mg/kg 3.75mg/kg 7.5mg/kg 15 mg/kg
Luminal epithelium 30 £ 14.1a 36.2 + 13.3b 31+ 11a 30.3 £ 12.7a 18.7 + 84c¢
Endometrial stroma 417.2 £ 3052 a 316.7 + 209.4 ac 179.9 + 1764 ¢ 136.8 + 129.5b 110.7 + 155.7b
Myometrium 2984 + 874 a 363.7 £ 196.2b 412.6 £ 205.1 bc 427.5 £+ 2364 ¢ 490 £+ 3713 ¢
Perimetrium 19.7 £ 11.2a 29.1 + 184Db 249 + 10.7b 252 + 152b 258 + 21.2b

Within each line, values followed by different letters indicate statistical differences among the groups (p < 0.05). Data are expressed as

the median + interquartile deviation.
*Control group induced to death in the diestrous phase.
**Control group induced to death in the estrous phase.

After the recovery periods, all of the animals showed
thicker luminal epithelium compared to the end of
dosing period, except the group of 15 mg ND/kg at
60-day recovery (Table 3). The thickness of the endome-
trial stroma was restored only after 60-day recovery in the
group that received 1.87 mg ND/kg. After 60-day recov-
ery, the animals showed reduced myometrium thickness,
except the group treated with 7.5 mg ND/kg. Finally, only
the groups treated with the lowest and highest doses of
ND presented similar thickness of the perimetrium in the
three periods of study.

Reproductive and Fetal Parameters

No ND-treated female was fertilized at the end of dos-
ing period or 30 days after last dose due to the persistent
diestrous (Table 4). Interestingly, at 60-day recovery after
cessation of treatment, only two rats receiving doses of
1.87 mg ND/kg, three rats receiving 3.75 mg ND/kg, and
four rats receiving 7.5 mg ND/kg showed sperm in the
vaginal smear, confirming mating success. However, no
female of groups treated with 3.75 and 7.5 mg ND/kg had
developed uterine pregnancy with implantation and/or
resorption sites. The group treated with 1.87 mg ND/kg
showed a marked pre- and post-implantation loss,
suggesting that early embryos development is quite sen-
sitive to low-dose treatment. The external morphology of
the fetuses in the ND-treated groups showed no apparent
congenital malformation.

DISCUSSION

In this study, the anabolic effect of ND was demon-
strated by the increase in BW gain at the end of dosing
period, corroborating other previous results (Gerez et al.,
2005; Mobini Far et al., 2007; Camargo et al., 2009b). At
30 days after last dose, the anabolic effect promoted by
the ND was reduced in all groups probably due to se-
vere changes in BW; however, only the doses of 3.75 and
7.5 mg ND/kg promoted higher BW gain, and unaltered
uterine weights. These dosages seem to have no delete-
rious effects to the body metabolism at the end of dos-
ing period, and at 30 days after last dose. Nevertheless,
the exact mechanism(s) by which low- and high-level ND
treatment modifies body composition and female repro-
duction remains a matter of debate. At 60-day recovery,
the BW gain was similar in all of the experimental groups.
This result is consistent with previous studies reporting a
reduced muscle mass within few weeks after the cessation
of androgen therapy (Bonetti et al., 2008).

At the end of dosing period, the increase in uter-
ine weight observed with the doses of 3.75, 7.5, and
15 mg ND/kg is probably due to the abundant luminal
secretion and histomorphometric changes (hypertrophy
of the uterine layers). The influence of synthetic steroid
on the uterine weight was described previously (Papa-
constantinou et al., 2002; Mobini Far et al., 2007; Camargo
et al., 2011). At 30 days after ND treatment, the uter-
ine weights were  similar to control in diestrous, and
remained similar 60 days after last dose. These results
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Table 4

Fertility Rates of the Females During the Treatment with Different Doses of ND, and After Recovery for 30 and 60 Days

Experimental groups (1 = 5/group)/period

Treatment period

Parameters Estrous control 1.87 mg/kg 3.75mg/kg 7.5 mg/kg 15mg/kg
Copulation rate (%) 100 (5/5) 0 0 0
Fertility rate (%) 100 (5/5) 0 0 0
Implantation rate (%) 91.6 £10.2 - - -
Live litter size 10.6 +£1.34 - - -
Fetal weight (g) 1.68 + 0.25 - - -
Pre-implantation loss (%) 8.0+ 10.2 - - -
Post-implantation loss (%) 10 +£13.5 - - -

Post-treatment recovery for 30 days

Parameters Estrous control 1.87 mg/kg 3.75 mg/kg 7.5 mg/kg 15mg/kg
Copulation rate (%) 100 (5/5) 0 0 0
Fertility rate (%) 100 (5/5) 0 0 0
Implantation rate (%) 83.4+17.2 - - -
Live litter size 10.2 +£2.04 - - -
Fetal weight (g) 1.84+0.19 - - -
Pre-implantation loss (%) 2+3 - - -
Post-implantation loss (%) 0+0 - - -
Post-treatment recovery for 60 days
Parameters Estrous control 1.87 mg/kg 3.75 mg/kg 7.5 mg/kg 15 mg/kg
Copulation rate (%) 100 (5/5) 40 (2/5) 60 (3/5) 80 (4/5) 0
Fertility rate (%) 100 (5/5) 100 (5/5) 0 0 0
Implantation rate (%) 86 +16.1 69.7 £23.1 - - -
Live litter size 10.4 £ 2.61 9.0+3.0 - - -
Fetal weight (g) 1.9 4+ 0.09 1.7+ 0.28 - - -
Pre-implantation loss (%) 141+ 16.1 302+£23.1 - - -
Post-implantation loss (%) 0+0 11.0 £33 - - -

Data are expressed as the median =+ interquartile deviation. Due to the small number of pregnant females in the group treated with
1.87 mg ND/ kg, it was not possible to establish comparison between the ND-treated and control group.

clearly demonstrated that the uterine weight is able to be
faster restored after discontinuing ND treatment than the
morphological aspects of the tissue.

The estrous acyclicity promoted by the treatment of ND
is widely reported (Clark et al., 2003; Gerez et al., 2005;
Mobini Far et al., 2007; Camargo et al., 2009a,2009b; Bento-
Silva et al., 2010; Chuffa et al., 2011), and this effect is re-
lated to a disruption of the neuroendocrine functions, in
which high levels of exogenous testosterone alter the re-
lease of the Follicle stimulating hormone (FSH), Luteiniz-
ing hormone (LH), estrogen, and progesterone (Strauss
et al., 1985; Gao and Short, 1993; Bronson et al., 1996;
Blasberg et al., 1997). The persistence in diestrous found
in ND-treated animals and after 30-day recovery indicate
that nandrolone is slowly released from the injection site
into the blood circulation with a half-life of 6 to 8 days
(Van der Vies, 1985), since it is a fat-soluble substance
that produces sodium retention by the kidneys before be-
ing excreted. The restoration of estrous cycle at 60-day
post-treatment recovery occurred in a dose-dependent
manner, since the females treated with lower doses (1.87
and 3.75 mg ND/kg) showed regular cycles while those
treated with the highest dose (15 mg ND/kg) had persis-
tent diestrous. Therefore, the results evidenced that the re-
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covery of reproductive functions, such as estrous cyclicity
and pregnancy, was dose- and time-dependent.

This is the first study to describe histopathological
and morphometric changes in the uterine tissue aris-
ing from different doses of ND and varying with the
recovery periods. The lowest dose (1.87 mg ND/kg),
which is similar to the therapeutic dose used for treating
anemia (allometric scaling for ND treatment, Reagan-
Shaw et al., 2007), was able to promote damage to
uterine tissue similarly to the highest dose used in
the study (15 mg ND/kg). The ND treatment during
15 consecutive days led to several changes in the en-
dometrium, myometrium, and perimetrium layer in
a dose-independent manner, indicating that these lev-
els are not safe when administered in therapeutic or
supraphysiological doses. Other studies also reported
negative effects of ND on uterine tissue after a single
dose of steroid (Gerez et al., 2005, Mobini Far et al.,
2007; Camargo et al., 2009b; Chuffa et al., 2011), but none
has evaluated the uterus under different experimental
conditions.

The changes observed in uterine tissue of androgenized
females may be related to the progestational effect in-
duced by the drug (Camargo et al., 2011), due to the ability



176 BELARDIN ET AL.

that nandrolone has to generate progestin-like molecules
to be metabolized (Schindler et al., 2003). This effect cou-
pled with the persistent diestrous may have contributed
to the endometrial disturbances related to an increased lu-
minal secretion.

The loss of morphological integrity of the myometrium
was notable in ND-treated animals, and may result from
the action of androgen receptors highly expressed in this
layer. According to Camargo et al. (2011), androgen re-
ceptors in the myometrium may substantially affect the
cells of perimetrium layer in a paracrine way, and it was
not prevented after the recovery periods. The evaluation
of uterine tissue during the recovery periods showed that
ND promoted dose- and time-dependent effects, since the
histopathological and morphometric changes remained
until the 30 days post-treatment in all groups. Conversely,
at 60-day post-treatment recovery, only the higher doses
of ND continued to exhibit structural damages to the
uterus.

Different doses of ND suppressed the reproductive ca-
pacity of females after the treatment period and recovery
for 30 days. This may be due to ND-induced perturba-
tion of the hypothalamic-pituitary-gonadal axis (Blasberg
et al., 1997), which resulted in acyclicity and impaired
mating. According to Blasberg et al. (1998) and Mobini Far
et al. (2007), exogenous androgens inhibit sexual receptiv-
ity in animals. In the present study, 60 days after last ND
dose, the females were receptive to males since sperm was
observed in vaginal smears, except those females receiv-
ing the highest dose of ND (15 mg/kg). However, only the
females receiving 1.87 mg ND/kg became pregnant. The
rats receiving doses of 3.75 and 7.5 mg ND/kg probably
did not ovulate because no uterine implantation and/or
resorption sites were found. Importantly, a longer recov-
ery time may be required to restore reproductive parame-
ters when high ND doses are administered.

In summary, all of the different doses of ND exhibited
the same deleterious effect on uterine histopathology and
fertility. Moreover, the recovery periods restored uterine
morphology and reproductive capacity after ND treat-
ment in a dose- and time-dependent manner. Although
the effects of ND experienced in animals and humans
should be considered very carefully, this study is intended
to prevent AAS users from irreversible damages during
the reproductive age.
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SUMMARY

This study tested the hypothesis that different doses of nandrolone decanoate (ND)
will cause changes in the estrous cycle and ovarian tissue of adult rats; and investi-
gated the duration of the recovery period that is sufficient to restore the damage in
the animals treated with different doses. Wistar rats were treated with ND at doses
of 1.87, 3.75, 7.5 and 15 mg/kg body weight, or received mineral oil (control group)
for 15 days, subcutaneously. All animals were divided into three groups according
to the treatment periods: (i) ND treatment for 15 days; (ii) ND treatment followed
by a 30-day recovery; and (iii) ND treatment followed by a 60-day recovery. Estrous
cycle was monitored daily, and at the end of each period, the animals were eutha-
nized for histopathological analysis. During ND treatment and after 30-day recov-
ery, all animals exhibited persistent diestrus. After a 60-day recovery, persistent
diestrus was only maintained in the group that had received the highest dose. Ovar-
ian weight was decreased significantly after the 30-day recovery, regardless of ND
doses, compared with the control group. There was a reduction (P < 0.05) in the
number of corpora lutea and antral and growing follicles, in contrast to an increase
(P <0.05) in atretic follicles in a dose- and time-dependent manner. Remarkable
histopathological changes occurred in the ovaries of all ND-treated groups. In con-
clusion, the different doses of ND caused changes in the estrous cycle and ovarian
tissue of rats, and recovery periods (30 and 60 days) were insufficient to completely
restore the damage in the animals treated with the highest dose.

Keywords
estrous cycle, nandrolone decanoate, ovarian histopathology, rats, recovery period

Anabolic androgenic steroids (AAS) are substances synthe-
sized from testosterone or one of their derivatives, with ana-
bolic or androgenic effects, depending on the target tissue
(Lise ef al. 1999; Bahrke & Yesalis 2004). The prescription
and commercialization of these drugs are strictly controlled
in many countries. However, AAS have been used indiscrim-
inately by athletes and non-athletes to increase muscle mass
and resistance in a short time (Iriart et al. 2009).

Anabolic androgenic steroids are clinically indicated for
the treatment of chronic diseases associated with the cata-
bolic state of the patient, in conditions of AIDS, chronic
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obstructive pulmonary disease, hepatic or renal failure, can-
cer, and in cases of burns and postsurgical recovery
(Karbalay-Doust & Noorafshan 2006; Kicman 2008). They
are also recommended for androgen replacement therapy
after menopause (Arlt 2006), and during age-related sarco-
paenia (Evans 2004).

Among the AAS derivatives, nandrolone decanoate (ND)
is the most commonly used injectable steroid (Boff 2010).
Usually, AAS are administered at supraphysiological doses
(Fermo ef al. 2008), which are fivefold to 29-fold higher
than the dose recommended for the hormonal replacement
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(Perry et al. 2005) or reach up to 100 times the therapeutic
dose recommended for the treatment of various diseases
(Clark & Fast 1996).

Over the past decade, the abusive use of AAS by women
has increased significantly (Bahrke & Yesalis 2004; Thiblin
& Petersson 2004). In women, the side effects may include
deepening of the voice, growth of body hair, atrophy of the
breasts, aggressiveness, menstrual irregularity and clitoris
hypertrophy (Maravelias et al. 2005; Hoffman & Ratamess
2006; Kicman 2008), with these alterations being dose- and
time dependent (Silva et al. 2002; Cunha et al. 2004; Kam
& Yarrow 2005; Bonetti et al. 2008;). Moreover, changes
in gonadal function such as delayed puberty, luteal-phase
deficiency, oligo-amenorrhea or anovulation may occur in
addicted women (Cannavo et al. 2001). Unfortunately, some
of these changes are irreversible after cessation of AAS
administration (Kam & Yarrow 2005).

Although deleterious effects promoted by AAS are well
understood, few studies have focused attention to their effects
on female reproductive morphological parameters. The
estrous cycle is a periodic physiologic process, with an aver-
age duration of 4.5 days, ranging from 3.5 to 5.5 days in
Wistar rats (Paccola ef al. 2013), and can be influenced by
endogenous or exogenous factors that commonly express a
change in normal morphology of the reproductive tract or a
disturbance in the duration of particular phases of the cycle
(Westwood 2008). We have recently reported that ND causes
changes in the estrous cycle (Gerez et al. 2005; Camargo
et al. 2009a; Chuffa er al. 2011b), histopathological alter-
ations in the ovaries and uterus (Gerez et al. 2005; Camargo
et al. 2009a, 2014; Chuffa et al. 2011b) and damage to the
fertility (Camargo et al. 2009b; Belardin et al. 2014). How-
ever, no study has evaluated the dose-dependent effect of the
ND on ovarian tissue and whether this effect can be reversed
after discontinuing steroid treatment.

Therefore, we aimed to investigate the effects of different
doses of ND on estrous cycle and ovarian tissue of rats, in
the post-treatment (15 days) and postrecovery periods (30
and 60 days). This study brings novel information regarding
the reversibility of some effects promoted by ND in the
reproductive cycle and ovaries.

Materials and methods

Animals

Ninety adult female Wistar rats (Rattus norvegicus albinus),
12 weeks old, weighing approximately 250 g, were obtained
from the Univ. Estadual Paulista (UNESP- Botucatu, Brazil)
and kept in appropriate cages at the Central Biotherium of
the Faculty of Sciences and Letters (UNESP- Assis, Brazil).
The females were polypropylene cages
(43 cm x 30 cm x 15 cm) with laboratory-grade pine shav-
ings as bedding and also maintained under controlled room
temperature (23 + 1°C) and lighting conditions (12-h L,
12-h D photoperiod, lights switched on at 7 a.m.). Water
and commercial diet (Nuvitaltm) were offered ad libitum.

housed in
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The experimental protocol followed the ethical principles in
animal research adopted by the Brazilian College of Animal
Experimentation and was approved by the Ethical Commit-
tee for Animals Use (Permit number: 005/2011, August 31).

Drug

Nandrolone decanoate (17-hydroxy-19-nor-4-androstene-3-
one) was purchased from Schering-Plough Laboratory (Sao
Paulo, Brazil), under the name of Deca Durabolin™. It is an
injectable solution, containing 50 mg of the androgen, avail-
able as oily solution (Marqueti et al. 2010).

Experimental design

Females with regular estrous cycles were weighed and ran-
domly divided into six groups (n = 15/group): ND-treated
groups at doses of 1.87 mg/kg body weight (b.w.), 3.75 mg/
kg b.w., 7.5 mg/kg b.w. and 15 mg/kg b.w.; CE group: con-
trol group euthanized in estrus phase; and CD group: control
group euthanized in diestrus phase. Both CE and CD groups
received subcutaneous (s.c.) injections of 0.1 ml of mineral
oil (NP-35, Anidrol, Sao Paulo, Brazil) as vehicle. The ND-
treated animals received a daily s.c. injection of ND diluted
in vehicle for 15 consecutive days. The first injection was
administered at the estrus phase of the cycle in all animals.
The CD group was used in this study based on previous
reports that AAS treatment promotes persistent diestrus (Ca-
margo et al. 2009a,b; Bento-Silva et al. 2010; Chuffa ef al.
2011b). In this regard, the evaluation of ovarian tissue was
carried out in a specific stage of the estrous cycle that andro-
genized females persisted or maintained for a long time dur-
ing the experimental period. Then, all data obtained from
animals displaying estrus-phase prolongation were compared
with CE group, and data obtained from animals displaying
persistent diestrus were compared with CD group.

Doses of 7.5 and 15 mg ND/kg were selected based on
previous studies in animals (Blasberg ef al. 1997; Mobini
Far et al. 2007; Camargo et al. 2011) and mimic the condi-
tions generally employed by non-therapeutic users of AAS
(ranging from 200 to 3200 mg/week; Evans 1997). Doses of
1.87 and 3.75 mg ND/kg were used to evaluate the effects
of doses employed in various treatments (ranging from 50
to 200 mg/week; Evans 1997) or lowest doses than physio-
logic replacement doses (ranging from 25 to 600 mg/week;
Bhasin et al. 2005).

Following the treatment period, each experimental group
was divided according to the three periods of the study
(n = 5 rats/group/period, Figure la—c): ND-treated animals
receiving daily s.c. injections for 15 consecutive days (a),
and treatment with ND for 15 days followed by recovery
for 30 days (b), and for 60 days (c). At the end of each per-
iod, the females who had regular estrous cyclicity were euth-
anized in estrus phase, while the acyclic females were
euthanized at the cycle phase wherein persisted. For both
cases, the were collected and processed for
histopathological analysis.

ovaries
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Assessment of estrous cycle

During ND-treatment and recovery periods, the estrous
cycle was monitored daily by cytological examination (vagi-
nal swabs, Marcondes et al. 2002). The time of collection
was fixed at 9 a.m. (Chuffa et al. 2011a,b, 2013). Each slide
containing cells from the vaginal epithelium was analysed
under a light microscope (Olympus CX31 RBSFA, Tokyo,
Japan) at 10x and 25x magnifications. The phases of the
estrous cycle were identified as follows: (i) proestrus, con-
sisting of clusters of round, nucleated epithelial cells; (ii)
estrus, with predominance of cornified cells; (iii) metaestrus,
consisting of a combination of leucocytes and cornified
epithelial cells; (iv) diestrus, with predominance of leuco-
cytes (Goldman et al. 2007).

Histopathological analysis

After each period (ND-treatment, 30-day recovery and 60-
day recovery), the females displaying regular or irregular
estrous cycles were weighed and euthanized with an overdose
of the anaesthetic sodium thiopental (Thiopentax™, Cristalia,
Sao Paulo, Brazil), via intraperitoneal injection. The ovaries
were collected and weighed, and the relative weights were
obtained (organ weight/final body weight x 100, expressed
ing/100 g b.w.).

The tissues were fixed in Bouin’s solution, dehydrated in
ethanol solutions and clarified in xylene for paraffin embed-
ding (Paraplast Labware-Oxford, St. Louis, MO, USA). The
blocks were sliced into 5-um-thick sections in a RM2125
LEICA microtome (Germany) and then stained with haema-
toxylin and eosin (HE), Mallory’s Trichromic, Van Gieson
and Orcein, for distinguishing cellular from extracellular
matrix components in ovarian tissue during histopathologi-
cal examination. All of the histological samples were han-
dled in a blinded fashion. Finally, the slides were analysed
and images captured with a digital photomicroscope (Scope
Al1-Axio coupled with video camera AxioCam ICc3 and
digitalized by the software Axio Vision, version 4.7.2; Carl
Zeiss, Jena, Germany).

Follicular score and morphometric analysis

The identification of follicles subtypes was based on the
classification proposed by Pedersen and Peters (1968), as
presented by Plowchalck et al. (1993). In each ovary
(10 sections/rat/group), the growing, antral and atretic folli-
cles, and corpora lutea were counted. The criterion for the
identification of atretic follicles was based on the presence
of three characteristics: pyknotic nuclei in the antrum, invo-
lution of oocyte and thin granulosa layer. Measurements of
the area of antral and atretic follicles, and corpora lutea
were obtained using a Zeiss Scope Al-Axio microscope
(Carl Zeiss, Jena, Germany) connected to an AxioCam ICc3
camera, and the digitalized images were obtained by the
image analyser AX10 VISION version 4.7.2.

Immunohistochemistry

Ovarian sections (n = 5/group/period) were deparaffinized in
xylene based on the areas previously identified during the
morphological characterization. Tissue sections were micro-
waved (700-800 W) while immersed in 0.01 M sodium
citrate buffer, pH 6.0, for antigen retrieval. After blocking
endogenous peroxidase activity, the tissue was incubated
with 3% bovine serum albumin (BSA, 3%) for 1 h to avoid
non-specific binding. Subsequently, the ovarian sections were
incubated in a humid chamber overnight at 4°C with anti-
AR and anti-inhibin A primary rabbit polyclonal antibody
(dilution 1:100, ab7970; Abcam, Cambridge, MA, USA).
After immunoreactions, the slides were washed in TBS-T
buffer and incubated with secondary antibody (Polymer
Anti-Mouse IgG or Anti-Rabbit — DAKO® CYT) at room
temperature for 1 h. Then, the slides were reacted with
chromogen diaminobenzidine (DAB; Sigma, St. Louis, MO,
USA) for 5 min. Then, sections were counterstained with
haematoxylin. Negative controls were made by omitting the
primary antibody. The results were analysed under a Zeiss
Axiophot II microscope (Carl Zeiss, Oberkochen, Germany)
based on the levels of staining intensity as absent, weak,
moderate and strong reaction.

Immunofluorescence assays

Ovarian tissues were washed with phosphate-buffered
saline (PBS; sodium chloride, potassium chloride, dihydro-
gen phosphate and disodium hydrogen phosphate), fixed in
4% paraformaldehyde for 10 min, and permeabilized with
PBS at room temperature (RT). Non-specific binding sites
were blocked with 1% BSA for 60 min. The samples were
incubated with the anti-inhibin A primary rabbit polyclonal
antibody (dilution 1:100, ab7970; Abcam) overnight at
4°C, followed by a secondary polyclonal anti-rabbit IgG
conjugated to FITC (1:200, sc-2012; Santa Cruz Biotech-
nology, Inc., Santa Cruz, CA, USA) for 1 h at RT. Nuclei
were stained with 6-diamidino-2-phenylindole (DAPI,
5 min) at RT. Primary and secondary antibodies were
diluted in blocking buffer (1% BSA). For negative
immunolabelling, no primary antibody was added. The
immunopositive cells were analysed using a fluorescence
microscope (Zeiss Axiophot II, Oberkochen, Germany) at
40x  magnification  (immunofluorescence:  excitation
590 nm, emission filter 650 nm) and for DAPI staining
(excitation 365 nm, emission filter 435-485 nm). The fluo-
rescence in the merged images was performed using IMAGE
] software (National Institute of Health, Bethesda, Mary-
land, USA).

Statistical analysis

The data were analysed by parametric analysis of variance
(anova) followed by Tukey’s test, or by nonparametric
Kruskal-Wallis test followed by Student-Newman-Keuls
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test, according to the characteristics of each variable. The
results were expressed as the mean =+ standard deviation
(SD) or median =+ interquartile deviation. Statistical signifi-
cance was set at P < 0.05. Statistical analysis was performed
using GrRAPHPAD Prism software, version 5.00 (GraphPad
Software Inc., San Diego, California, USA).

Results

Estrous cycle

Nandrolone decanoate-treated females at different dose
levels presented an increase (P < 0.05) in the number of
days in diestrus during the treatment period (Figure 2a),
compared with control group. All ND-treated groups
remained at diestrus during the 30-day recovery period
(Figure 2b). Females treated with lower doses (1.87 and
3.75 mg ND/kg) exhibited diestrus for 52 and 50 days,
respectively, during the 60-day recovery period (Figure 2c).
At the end of this period, the rats restored the cycle, but
irregularly. The group treated with 7.5 mg ND/kg
remained in diestrus until the 58th day and thereafter
restored estrus phase. Due to estrous cycle restoration,
these groups (1.87, 3.75 and 7.5 mg ND/kg) were eutha-
nized in the estrus phase at the end of 60-day recovery
period. Persistent diestrus was only maintained through the
60-day recovery period at the 15 mg ND/kg dose level
(Figure 2c).

(a)

50 90 105

ND treatment

(h |
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Ouwarian histopathology

A summary of the most common ovarian histopathological
features in ND-treated groups is shown in Table 1. During
the treatment period, the ovarian histopathology showed
that ND-treated groups (Figure 3d,g,j,m) exhibited several
atretic follicles, evidenced by a large antrum, a thin granu-
losa layer and cellular debris within the antrum. This
histopathological change still remained after recovery for
60 days in the highest dosages (Table 1). The control group
(Figure 3a) presented follicles in various stages of develop-
ment and mature corpora lutea. Notably, the group treated
with 1.87 mg/kg had ovaries with anomalous follicles char-
acterized by seminiferous tubule-like structures, devoid of
oocyte, containing Sertoli cells (Figure 5a). These cells pre-
sented polymorphonuclear aspect with prominent nucleolus,
and abundant and pallid cytoplasm. Moreover, this group
exhibited fibrous cortex during the post-treatment recovery
for 30 days (Table 1). In the group treated with 7.5 mg/kg,
a marked vasodilation and vascular congestion were com-
mon in the medulla, along with abundant interstitial tissue
in the cortex (Figure 3j). The only exception was the post-
treatment recovery for 60 days (Table 1).

Interestingly, deleterious effects promoted by ND in ovar-
ies were intensified after 30 days of recovery (Table 1, Fig-
ure 3). There was absence of developing follicles and
corpora lutea, ovarian atrophy and abundant interstitial tis-
sue in both cortex and medulla (Figure 3e,h,k,n). Epithelial

Euthanized

135

Euthanized

Period of post-
treatment
recovery

165

Euthanized

Birth Individualization Period of ND
of rats administration
(dose/day)
(b)
! 50 90 105
ND treatment
Birth Individualization Period of ND
of rats administration
(dose/day)
(c)
L 50 90 105
Birth Individualization Period of ND
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(dose/day)

ND b —

|

Period of post-
treatment
recovery

Figure 1 Chronological schedule for the experimental design in days. (a) At 90 days of age, five (5) rats per dose level (1.87,
3.75, 7.5, and 15 mg/kg) were assigned to the end of the dosing period (15 days) and euthanized. (b) Five (5) rats per dose level
(1.87, 3.75, 7.5 and 15 mg/kg) received the respective treatment for 15 days and were maintained without further treatment into

the 30-day recovery period followed by euthanasia. (c) Five (5)

rats per dose level (1.87, 3.75, 7.5, and 15 mg/kg) received the

respective treatment for 15 days and were maintained without further treatment into the 60-day recovery period followed by

euthanasia.
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Figure 2 Number of days in diestrus in the nandrolone decanoate (ND)-treated groups (1.87, 3.75, 7.5 and 15 mg/kg) after the
treatment period (a), 30-day recovery period (b) and 60-day recovery period (c). Control group with regular cycles was euthanized in
the estrus phase (CE). Histograms with an asterisk show significant differences (P < 0.05) among the ND-treated group and CE
group. Nonparametric Kruskal-Wallis test followed by Student-Newman—Keuls test. Data are expressed as the median and

interquartile deviation.

cysts, characterized by an irregular shape with columnar to
cuboidal epithelium (Figure 4a), were present in the fibrous
stroma of all animals. Atypical areas of fibrous or elastic tis-

Table 1 Summary of the relevant ovarian histopathological
features in the nandrolone decanoate (ND)-treated groups in each
period (treatment period and post-treatment recovery for 30 and
60 days)

Experimental groups (n = 5/group/
period)

Treatment period

1.87 3.75 7.5 15
Histopathological features  mg/kg  mg/kg mg/kg  mg/kg
Atretic follicles X X X X
Vasodilation — — X —
Abundant interstitial tissue = — — X —

Ovarian atrophy — — — _
Fibrous stroma —
Anomalous follicles X — — _
Epithelial cysts —

Post-treatment recovery for 30 days

Atretic follicles
Vasodilation

Abundant interstitial tissue
Ovarian atrophy

Fibrous stroma
Anomalous follicles
Epithelial cysts

M| K
M| X
R R
M| X

Post-treatment recovery for 60 days

Atretic follicles — —
Vasodilation — —
Abundant interstitial tissue X X
Ovarian atrophy — —
Fibrous stroma — — —
Anomalous follicles X —
Epithelial cysts — —

X
X

MO |

ole

(X) Presence; (—) Absence.

sue (Figure 4b,d) showed degenerative aspects in the sur-
rounding stroma, with vacuolated (Figure 4b) and
undifferentiated cells (Figure 4c). Furthermore, there was an
increase in vascularization of these areas (Figure 4c). Semi-
niferous tubule-like structures were observed in all ND-trea-
ted groups.

After 60 days of recovery, the animals treated with lower
doses of ND (1.87 and 3.75 mg/kg) exhibited corpora lutea
and follicles at various stages of development or atresia (Fig-
ure 3f,i), similar to the controls (Figure 3c). Conversely, the
animals treated with higher doses of ND (7.5 and 15 mg/
kg) had absence of corpora lutea and lack of healthy folli-
cles (Figures 3l,0). Ovarian atrophy, fibrosis and abundant
interstitial tissue were predominant in the stroma of animals
treated with 15 mg/kg (Table 1, Figure 30). Anomalous fol-
licles, characterized by seminiferous tubule-like structures,
were scarce in the animals receiving doses of 1.87, 7.5 and
15 mg/kg, and none was reported in the animals treated
with 3.75 mg/kg.

After ND treatment and 30 days of recovery period, the
androgen receptor (AR) was strongly marked in the nucleus
of Sertoli cells of the anomalous follicles (Figure 5b),
whereas AR immunoreaction was weak to moderate after
60 days of recovery period (Figure 5b, detail), regardless of
ND-dose level. The immunoreaction for inhibin-A (Fig-
ure 5c) was strong in Sertoli cells in all of the ND-treated
groups, after ND-treatment and recovery periods.
Immunofluorescence assay confirmed a positive reactivity for
inhibin-A in the cytoplasm of Sertoli cells (Figure 5d).

Ovarian analysis

Ovarian weight, follicular score and morphometrical data
are shown in Table 2. The mean ovarian weights were simi-
lar (P > 0.05) in all ND-treated groups during the treatment
period (Table 2). However, there was a reduction in the
organ weight (P < 0.05) after 30 days of recovery, when
compared to CD group. After 60 days of recovery, the mean
ovarian weight of the groups treated with lowest doses
(1.87 and 3.75 mg/kg) was similar (P > 0.05) to that of CE
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Figure 3 Photomicrographs of the ovaries in the different groups after the nandrolone decanoate (ND)-treatment period and recovery
for 30 and 60 days. Figures (a and b) represent the control group euthanized in the diestrus phase (CD); Figure (c) represents the
control group euthanized in the estrus phase (CE); and d—o represent ND treatment at 1.87 mg/kg (d, e, f), 3.75 mg/kg (g, h, i),

7.5 mg/kg (j, k, 1) and 15 mg/kg (m, n, o). Note the follicular atresia (At) in all ND-treated groups. In the 7.5 mg/kg group (j, k),
note the medullary vasodilatation (v). After 30 days of recovery, the ovaries exhibited atrophy and abundant interstitial tissue (IT).
After 60 days of recovery, the groups treated with 1.87 and 3.75 mg/kg (f, i, respectively) contained corpora lutea (CL). The group
treated with 15 mg/kg (o) showed ovarian atrophy and loss of follicular units. Stained with Mallory’s trichrome (c, f, g, h, 1, j, k, I,

n) and Van Gieson (a, b, d, e, m). Bar = 200 pm.

group, whereas in the groups treated with highest doses (7.5
and 15 mg/kg), the weight remained reduced.

During the ND treatment, the number and area of cor-
pora lutea were decreased (P < 0.05) in the groups that
received 1.87, 3.75 and 7.5 mg/kg. These structures were
absent after 30 days of recovery, and in longer recovery per-
iod, the groups treated with 1.87 and 3.75 mg/kg restored
the number and area of corpora lutea, while in the highest
doses (7.5 and 15 mg/kg), the corpora lutea remained absent
(Table 2).
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There was a decrease in the number of antral follicles
during ND treatment and after the recovery periods in a
dose-dependent manner (Table 2). The area of these folli-
cles remained reduced in the groups treated with 1.87,
3.75 and 7.5 mg/kg after 60 days of recovery (Table 3).
The number of growing follicles was reduced (P < 0.05)
in the ND-treated groups, except the 3.75 mg/kg group
(Table 2). At 30-day recovery, all groups still had few
growing follicles, and a 60-day recovery was sufficient to
increase growing follicles in the groups that received the



344 V. A. Simao et al.

Figure 4 Details of the ovarian histopathological changes in the different nandrolone decanoate (ND)-treated groups. Figure (a)
shows epithelial cysts (ec) with irregular outlines and cuboid or columnar epithelium, surrounded by fibrous tissue (present in all
groups after 30 days of recovery). Figure (b) shows areas of stromal degeneration containing vacuolated cells (arrows), surrounded
by fibrous tissue. Figure (c) shows undifferentiated cells (thin arrow head) located in a notably vascular stroma. Figure (d) shows
highlighted elastic fibres (arrow head, in detail) in the midst of a fibrous stroma in animals treated with 15 mg/kg after 60 days of
recovery. Bar = 50 pm (c, d-detail), 100 pm (a, b, d). Stained with Mallory’s trichrome (a—) and Orcein (d).

Figure 5 Histological sections of seminiferous tubule-like structures containing Sertoli cells in the androgenized groups. Figure (a)
shows polymorphonuclear cells with prominent nucleolus (thin arrow head) and abundant cytoplasm within the anomalous follicle
devoid of oocyte and delineated by a continuous basal membrane (yellow arrow). Figure (b) shows an intense AR immunoreaction in
the Sertoli cells (arrow), after treatment period. In detail, observe the moderate nuclear AR immunostaining (arrow) after 60 days of
recovery. Figure (c) indicates the nuclear staining for inhibin-A (arrow head). This result occurred after the treatment and recovery
periods. Figure (d) shows the immunopositive cells for inhibin-A (FITC, arrow head). Immunoreaction of inhibin-A appears in the
inner and surrounding cells of anomalous follicle. Bars = 20 um. Stained with Mallory’s trichrome (a) and haematoxylin (b, ¢).

lowest doses (1.87 and 3.75 mg/kg). Despite no difference and 2). At 30-day recovery, the number of atretic follicles

found in the atretic follicle area, there was an increased in androgenized groups was similar (P > 0.05) to the con-
number of atretic follicles in ND-treated groups (Tables 1 trol group (Table 2). The follicle area was lower after a
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Table 2 Ovarian weight (g/100 g b.w.) and number of corpora lutea and antral, growing and atretic follicles in the different
nandrolone decanoate (ND)-treated groups and periods (treatment period and post-treatment recovery for 30 and 60 days)

Experimental groups (n = 5/group/period)

Treatment period

Parameters Diestrus control’ 1.87 mg/kg 3.75 mg/kg 7.5 mg/kg 15 mg/kg
Ovarian weight* 0.035 £+ 0.003 a 0.027 + 0.003 a 0.028 + 0.005 a 0.027 £ 0.004 a 0.035 £ 0.010 a
Corpora lutea 10 £ 3.7 a 1+1.7b 6+2c 5+3c¢ 10 £ 4.7 a
Antral follicles 8+3a 5+47b 11 +4c¢ 4.5+37b 6.5 + 4.7 ab
Growing follicles 6+3a 0+t1b 4+275a 1+1.75b 25+2c¢
Atretic follicles 5+7a 20+ 11b 16.5 + 5.7 bd 11.5 £ 142 cd 13 £11.5cd

Post-treatment recovery for 30 days

Ovarian weight* 0.030 + 0.003 a 0.017 £+ 0.001 b 0.018 + 0.002 b 0.019 + 0.003 b 0.020 + 0.003 b
Corpora lutea 16.50 £ 4.5 a 0+0b 0+0b 0£0b 0+£0b
Antral follicles 6+4a 1+2b 4+3a 25+3¢ 4+3a
Growing follicles 4+27a 0+1b 2+2c¢ 1+ 2de 0.5+1e
Atretic follicles 6.5+ 6a 5.5+75a 5.5+37a 5+7a 4+9a

Post-treatment recovery for 60 days

Estrus control*

Ovarian weight* 0.035 £+ 0.007 a 0.030 + 0.007 ab 0.036 + 0.004 a 0.021 + 0.005 be 0.014 £+ 0.003 ¢
Corpora lutea 11.5 £ 6.5 ab 8+ 8a 13+£27b 0+0c¢ 0+0c¢
Antral follicles 4+57a 4+3a 4+2a 1+1b 0+1b
Growing follicles 2 +2ac 1+ 1ab 3+47c¢ 1+2b 0+0b
Atretic follicles 5+ 6ac 5+6.7ab 2+2b 4+6¢ 1+2b

Data are expressed as the mean & SD. *Data are expressed as the median + interquartile deviation. In the same line, values followed by dif-
ferent letters indicate statistical differences among the groups (P < 0.05). YControl group in the diestrus phase. *Control group in the estrus
phase.

Table 3 Measurements of area (mm?) of corpora lutea and antral and atretic follicles in the different nandrolone decanoate (ND)-

treated groups and periods (treatment period and post-treatment recovery for 30 and 60 days)

Experimental groups (n = 5/group/period)

Treatment period

Parameters Diestrus control* 1.87 mg/kg 3.75 mg/kg 7.5 mg/kg 15 mg/kg
Corpora lutea 0.60 £ 0.56 a 0.11 £ 0.10 b 0.15 + 0.08 b 0.17 £ 0.10 b 0.32 £ 041 a
Antral follicles 0.04 £ 0.08 ac 0.10 + 0.09 a 0.03 + 0.04 cb 0.02 +£ 0.05 b 0.04 + 0.08 bc
Atretic follicles 0.10 £ 0.05 a 0.12 + 0.06 a 0.13 £ 0.08 a 0.09 £ 0.16 a 0.09 £ 0.14 a

Post-treatment recovery for 30 days

Corpora lutea 0.46 + 0.5 a Absent Absent Absent Absent
Antral follicles 0.06 £+ 0.12 ac 0.02 £ 0.03 b 0.10 £ 0.22 a 0.05 +£ 0.04 ¢ 0.01 £0.10 b
Atretic follicles 0.09 £ 0.05 a 0.05 £+ 0.11 be 0.06 + 0.03 b 0.08 £ 0.09 ac 0.07 £+ 0.12 be

Post-treatment recovery for 60 days

Estrus control’

Corpora lutea 0.36 4 0.55 a 0.37 £ 0.50 a 0.50 + 0.33 a Absent Absent
Antral follicles 0.08 + 0.07 a 0.02 +£0.02 b 0.03 £ 0.03 b 0.05 £ 0.10 b Absent
Atretic follicles 0.15 + 0.25 ab 0.11 + 0.14 a 0.25+045b 0.25 £ 0.17 b Absent

Values expressed as the median + interquartile deviation. In the same line, values followed by different letters indicate statistical differences
among the groups (P < 0.05). *Control group in the diestrus phase. "Control group in the estrus phase.
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30-day recovery, except in the group treated with 7.5 mg/
kg (Table 3). After 60-day recovery, the number and area
of the atretic follicles varied among the groups in a dose-
dependent manner.

Discussion

In this study, the estrous cycle and ovarian structures were
affected by treatment with ND in all of the doses, and
recovery periods did not restore the adverse effects, mainly
when the steroid was administered at the highest dose level.
The absence of changes in the ovarian weight after ND
treatment probably occurred due to the presence of corpora
lutea in the ovaries, even with a decrease in the population
of follicles. After a 30-day recovery, the lack of corpora
lutea and the marked impairment in folliculogenesis con-
tributed to a decrease in ovarian weights. At 60 days after
treatment, only the groups treated with 1.87 and 3.75 mg/
kg were able to restore ovarian weight similar to the CE
group, as they showed histological signs of recovery. In the
groups treated with highest doses, the ovarian weight
remained unchanged. It is well documented that the AAS
promotes reduction in reproductive organ weights (Camargo
et al. 2009a,b, 2014; Bento-Silva et al. 2010; Karbalay-
Doust & Noorafshan 2012).

The suppression of estrous cyclicity caused by AAS treat-
ment was previously reported in various studies (Gerez et al.
2005; Mobini Far et al. 2007; Bento-Silva et al. 2010;
Camargo et al. 2011, 2014; Chuffa ef al. 2011b) and
severely affects the sexual cycle of women (Maravelias et al.
2005). According to Karbalay-Doust and Noorafshan
(2012), administration of exogenous steroids may increase
circulating androgen levels, thus altering the control of the
hypothalamus—pituitary—gonad axis which results in altered
levels of hormones, such as follicle-stimulating hormone
(FSH), luteinizing hormone (LH), oestrogen and proges-
terone (Bronson ef al. 1996a; Bronson 1996b; Blasberg
et al. 1997). Moreover, these hormonal disturbances may
affect the regulation of the estrous cycle as observed. In this
study, the persistence in diestrus in ND-treated females fol-
lowed by 30 days of recovery indicates the physiological
inability for resynchronization of the estrous cycle. Thus, it
can be considered that these females showed a physiological
anestrus. There was a pronounced effect on the estrous cycle
in all of the dose levels at 60 days after recovery. The ani-
mals treated with the lower doses exhibited an irregular
cycle at the end of the period, with extension of diestrus.
Only females treated with the highest dose (15 mg ND/kg)
had persistent diestrus after 60 days of recovery.

This study described for the first time the histopathological
and morphometrical changes in the ovarian tissue arising
from different doses of ND and varying according to the
recovery periods. In general, both folliculogenesis and luteo-
genesis have been severely damaged by ND, indicating that
neither doses nor period of treatment are safe when adminis-
tered in therapeutic or supraphysiological levels. The lowest
dose of ND (1.87 mg/kg), which is equivalent to the thera-

peutic dose used for treating anaemia (allometric scaling,
Reagan-Shaw et al. 2007), was able to promote changes in
the ovarian tissue similar to the highest doses used in the
study (7.5 and 15 mg/kg). The increase in follicular atresia
and the decrease in the number of corpora lutea have already
been reported in females who received a single dose of ND
(Gerez et al. 2005; Camargo et al. 2009a, 2011) or a combi-
nation of two synthetic steroids (Camargo et al. 2014).
These effects may be caused indirectly via the neuroen-
docrine axis or even directly via androgen receptors (AR)
expressed in the granulosa and theca cells (Drummond
2006). Anabolic androgenic steroids concentration induces a
dose-dependent effect on the AR expression and/or oestrogen
synthesis to regulate ovarian functions, so that high doses
can result in advanced stage of atresia and follicular apopto-
sis, while lower doses stimulate folliculogenesis (Couse et al.
2006; Drummond 2006; Walters et al. 2008). Depending on
AAS metabolism and oestrogen conversion rates, the inhibi-
tory effect of androgens related to apoptotic DNA fragmen-
tation in granulosa cells of early and pre-antral follicles is
expected even at lower doses (Goyeneche et al. 2002).

Androgens are extensively involved in supporting luteal
progesterone production following their conversion into
oestrogens (Goyeneche et al. 2002). An explanation for this
is provided by the presence of oestrogen receptors in the rat
corpora lutea (CL). However, oestrogen is not always
required for the action of androgens in the CL. In animals
receiving doses of 1.87, 3.75 and 7.5 mg ND/kg, there was
few and small CL in ovaries after treatment period. Interest-
ingly, this effect was not observed in the group treated with
15 mg ND/kg, where number and area of CL were similar
to the control group in diestrus. This normal aspect is typi-
cal of a state of persistent diestrus (Li & Davis 2007).
Indeed, there is a relationship between non-aromatizable
androgens and luteal progesterone secretion that is responsi-
ble for the inhibition of luteolysis (Goyeneche et al. 2002).
In this context, high-dose ND produced persistent CL
throughout the experiment, while low-dose-treated animals
underwent luteolysis. Additional studies are needed to clar-
ify the mechanism(s) of androgen-mediated formation and
regression of CL.

These results suggest that the action of androstenedione
on luteal progesterone production and secretion at the time
of luteolysis occurs through an androgenic mechanism.

The interruption of ND treatment for 30 days was not
sufficient to reverse the ovarian injuries. In addition, these
ovaries showed severe histopathological alterations, charac-
terized by marked atrophy and abundant interstitial tissue
derived from changes in theca cells of the atretic follicles
(Perez et al. 1999), decrease in the number of healthy folli-
cles and the absence of corpora lutea. These effects were
considered dose-independent, as all of the treated groups
exhibited the same response. The presence of stromal fibro-
sis in the different groups was due to tissue degeneration.
Previous studies reported that the uterus showed fibrous
stroma in the rats submitted to physical effort combined
with nandrolone decanoate treatment (Chuffa et al. 2011Db)
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or nandrolone decanoate alone (Gerez et al. 2005). Cortical
fibrosis and injury to blood vessels are histopathological
aspects of ovarian damage, observed in humans exposed to
chemotherapy (Meirow et al. 2007). It is reported that phar-
macological or supraphysiological doses of testosterone or
AAS have resulted in vasodilatation (Sader et al. 2001; Little-
ton-Kearney & Hurn 2004). This effect has been extensively
reported in animal or human coronary arteries. In female
rats, it is suggested that vasodilation is due to an increase in
the aromatization of testosterone into estradiol (Shaw et al.
2001); however, this mechanism still needs further elucida-
tion. According to Sader et al. (2001), the effects of AAS in
promoting vasodilatation may be dependent on the dose, type
of androgen and outcome measured. In the present study,
vasodilation observed in ovarian medulla occurred only at
the dose of 7.5 mg ND/kg, in both the post-treatment and
postrecovery for 30 days. Because other ND dosages pro-
moted several histopathological changes at 30 days after
treatment, we believe that this effect specifically to the ani-
mals treated with 7.5 mg ND/kg was dose dependent and
30 days of recovery was insufficient to reduce vasodilation.

The changes in the features of ovarian tissue, associated
with a decrease in the population of follicular units, are cap-
able of promoting a further significant reproductive loss for
the animal, considering that both preservation and function
of the follicles are damaged. Thus, a previous study con-
ducted in our laboratory (Belardin e al. 2014) showed that
60 days after last ND dose, the females were receptive to
males as sperm was observed in vaginal smears, except to
those females receiving the highest dose of ND (15 mg/kg).
Only two females receiving 1.87 mg ND/kg became preg-
nant, and the rats receiving doses of 3.75 and 7.5 mg ND/
kg probably did not ovulate because no uterine implantation
and/or resorption site was found. Based on these results, the
current study suggested that the treatment of ND is able to
affect ovulation.

In ND-treated groups anomalous follicles were observed,
characterized by seminiferous tubule-like structures contain-
ing Sertoli cells. These structures have been often observed
in ovaries of ageing rodents (Crumeyrolle-Arias et al. 1976).
Other studies reported the presence of this type of follicle in
the eutherian (Britt et al. 2002) or irradiated ovary (Guigon
et al. 2005). It is known that follicular cells can survive
after oocyte loss and, subsequently, transdifferentiate into
immature Sertoli cells, presumably under the control of the
endocrine environment and more specifically of FSH (Gui-
gon et al. 2005). According to Britt ef al. (2002) and Davis
et al. (2000), this transdifferentiation occurs due to an alter-
ation in the apoptotic program of granulosa cells, in which
oocyte/granulosa cell interaction is disrupted and the Sertoli
cells develop within atretic follicles. The involvement of
oestrogen replacement in prevention of this transdifferentia-
tion has also been reported (Britt et al. 2002). In this study,
the absence of viable oocytes and the intense follicular atre-
sia induced by ND contributed to the formation of seminif-
erous tubule-like structures, confirming the differentiation of
granulosa cells into Sertoli cells. At 60 days of recovery, the
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incidence of anomalous follicles was decreased in the ND-
treated groups. Such structures were scarce in the most
groups (varying from 1 to 2 anomalous follicles) and absent
in the group treated with 3.75 mg ND/kg, suggesting that
these follicles degenerated faster in this group. The mecha-
nism which promoted the absence of anomalous follicles is
unknown, but it is likely to be due to a dose-independent
effect, as the range between scarce and absent anomalous
follicles is too small to assign a proper dose-related
response. The Sertoli cells displayed marked AR nuclear
staining, similar to that observed in transdifferentiated
oocyte-depleted follicles (tODFs; Guigon et al. 2005). This
positive reaction was reduced after a longer recovery period,
probably due to a downregulation of AR. In this study, the
inhibin-A immunoreaction was intense in the Sertoli cells of
androgenized females, agreeing with the results obtained by
Guigon et al. (2005) in the irradiated ovaries.

Important features of the normal ovarian tissue were
restored after the 60-day recovery period only in the animals
treated with the lowest doses of ND (1.87 and 3.75 mg/kg).
In contrast, the groups treated with the highest doses of
ND, especially 15 mg/kg, still presented signals of
histopathological changes.

In summary, all the different doses of ND administered
(1.87-15 mg/kg) were able to cause changes to the estrous
cycle and ovarian tissue of rats. Furthermore, 30 and 60 days
of recovery were insufficient to completely restore the dam-
age, mainly in animals treated with the highest dose.
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RESUMO

Apesar do conhecimento sobre os efeitos de esteroides anabolicos androgénicos na reproducao
terem avancgado na Gltima década, pouco se sabe sobre os mecanismos envolvidos na promocéo e
reversibilidade dos efeitos colaterais. Neste estudo, avaliou-se os efeitos de diferentes doses de
decanoato de nandrolona (DN) no ciclo estral e histologia ovariana de ratas, com énfase no
controle da imunoexpressdo do AR, ERs e CYP450 aromatase e dos niveis hormonais sexuais
apos os periodos de tratamento e de recuperacdo. Ratas Wistar foram tratadas com DN nas doses
de 1,87, 3,75, 7,5 e 15 mg/kg de peso corporal ou 6leo mineral (grupo Controle) durante 15 dias,
via subcutanea e divididas nos periodos: (a) tratamento com DN por 15 dias; (b) tratamento com
DN e recuperacgéo de 30 dias; (c) tratamento com DN e recuperacédo de 60 dias. O ciclo estral foi
monitorizado e no final de cada periodo, os animais foram sacrificados para coleta do soro
sanguineo e analise histopatoldgica atraves da imunolocalizacdo e quantificacdo dos receptores
ovarianos. ApoOs os periodos de tratamento com DN e recuperacdo por 30 dias, 0s animais
exibiram diestro persistente, mantido apenas no grupo de 15 mg DN/kg apds recuperacdo de 60
dias. O peso ovariano diminuiu em todos os periodos do estudo. Marcantes alteracdes
histopatologicas ocorreram de forma periodo-dependente e estiveram relacionados aos niveis dos
hormdnios sexuais e de expressdo dos receptores ovarianos alterados de maneira dose-especifica.
Os 60 dias de repouso foram suficientes para recuperacdo dos efeitos colaterais apenas nos
grupos de 1,87 e 3,75 mg DN/kg. Concluiu-se que o periodo de recuperacdo de 60 dias foi
eficiente em restabelecer a funcdo ovariana nas menores doses do esteroide e que 0s niveis
hormonais e de expressdo dos receptores ovarianos podem se recuperar apds marcante

desregulacdo promovida pelo tratamento androgénico.
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INTRODUCAO

Esteroides anabolicos androgénicos sdo derivados sintéticos do horménio testosterona e
foram desenvolvidos com finalidades terapéuticas para o tratamento de diversas doengas (Cunha
et al., 2004). Dentre os EAA, o decanoato de nandrolona é a forma injetavel mais utilizada (Boff,
2010). Apesar de a prescricdo e a comercializagdo destes medicamentos serem controladas em
diversos paises, tais drogas sdo utilizadas indiscriminadamente por atletas ou ndo para aumentar
a massa muscular e a resisténcia em um curto espago de tempo (Iriart et al., 2009). Geralmente
essas substancias sdo administradas em doses suprafisioldgicas, podendo alcangar até 100 vezes
a recomendagcdo terapéutica para vérias doencas (Clark & Fast, 1996).

Ao longo da ultima década, o uso abusivo de EAA por mulheres aumentou
significativamente (Thiblin & Petersson, 2004), e inevitavelmente s&o desencadeados os efeitos
androgénicos, os quais sao responsaveis pelos efeitos colaterais indesejaveis (Kicman, 2008). Os
estudos sobre os efeitos que os EAA causam na reproducdo feminina ainda sdo escassos, mas
avancaram muito na Ultima década e relataram que o esteroide sintético decanoato de nandrolona
é capaz de causar alteracGes no ciclo estral (Gerez et al., 2005, Camargo et al., 2009a; Chuffa et
al., 2011; Camargo et al., 2014), suprimir a capacidade reprodutiva das fémeas (Camargo et al.,
2009b; Camargo et al., 2014; Belardin et al., 2014) e causar alteracfes histopatolégicas nos
ovarios e Utero (Gerez et al., 2005; Camargo et al., 2009a; Chuffa et al., 2011; Camargo et al.,
2014) de maneira dose e periodo-dependente (Belardin et al., 2014; Siméo et al., 2015).

Tanto os EAA quanto seus metabdlitos exercem suas fungdes quando ligados aos
receptores de andrégeno (AR). No entanto, os EAA, incluindo a nandrolona, podem ser
aromatizados em estrogénios por um processo mediado pela enzima citocromo P450 aromatase.
Os estrogénios por sua vez, exercem suas atividades através dos receptores de estrogeno - ERs

(conhecidos pelas isoformas ER-a e ER-B) (Clark et al., 2006; Drummond & Fuller, 2012).
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Ambas as sinalizacbes mediadas por AR e ER sdo extremamente importantes para direcionar a
acao dos esteroides no tecido reprodutivo, e qualquer alteracdo na regulacdo hormonio-receptor
pode comprometer a funcdo destes tecidos.

A foliculogénese é bastante complexa, e nela estdo envolvidos diversos fatores de
crescimento e hormonios, como as gonadotrofinas FSH e LH, os esteroides estradiol (E2) e
progesterona (P4) e andrdgenos como a testosterona (T) e a diidrotestosterona (DHT) (Lima-
Verde et al., 2011). Os androgenos em excesso estdo associados a patologias no trato reprodutor
feminino, tais como a sindrome dos ovérios policisticos (SOP) (Ehramnn, 2005). Nesta
condigdo, os ovarios exibem aumento no nimero de cistos foliculares e corpos lteos ocasionais.
A morfologia ovariana de ratas tratadas com esteroides sintéticos apresenta aspecto similar ao da
SOP (Camargo et al., 2014; Simao et al., 2015). Os androgenos exdgenos exercem efeitos
inibidores ou estimulantes nos diferentes estagios de desenvolvimento folicular (Wang & Chang,
2004; Walters et al., 2008). No entanto, ndo é bem conhecido se os efeitos se devem somente ao
mediador AR ou também a conversdo do andrégeno a outros esteroides, com potencial de
exercer acOes indiretas, como por exemplo, a via ER.

Apesar dos recentes avancos, ainda ndo ha estudos que relacionem os efeitos dos EAA
em funcdo da dose e diferentes periodos de avaliacdo sobre a interacdo hormdnio-receptor nos
tecidos reprodutivos femininos. Com isso, objetivou-se avaliar os efeitos de diferentes doses de
decanoato de nandrolona sob a regulacdo hormonal e a imunoexpressdo dos receptores

esteroidais ovarianos, apds os periodos de tratamento e de recuperacgéo por 30 e 60 dias.

MATERIAIS E METODOS

Animais
Ratas Wistar adultas (Rattus norvegicus albinus), com 12 semanas de idade e peso de

aproximadamente 250g, foram obtidas da Universidade Estadual Paulista (UNESP - Botucatu,
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SP, Brasil) e mantidas no Biotério Central da Faculdade de Ciéncias e Letras (UNESP - Assis,
SP, Brasil). As fémeas foram alojadas em caixas de polipropileno (43cm x 30cm x 15cm, 3
animais por caixa) forradas com aparas de pinheiro e mantidas em condi¢des adequadas de
temperatura (23 £ 1°C) e luminosidade (12L, 12D fotoperiodo, 200 lux). Foram oferecidas agua
e dieta comercial (Nuvilab®, Colombo, PR, Brasil) ad libitum. O protocolo experimental seguiu
0s principios éticos em pesquisa animal adotado pelo Colégio Brasileiro de Experimentacéo
Animal e foi aprovado pelo Comité de Etica no Uso de Animais (NUmero de permissio:

005/2011; 31 de agosto).

Farmaco

Foi utilizado o esteroide anabdlico androgénico (EAA), decanoato de nandrolona (17p-
hidroxi-19-nor-4-androsteno-3-ona) adquirido do Laboratério Schering-Plough (S&o Paulo,
Brasil), sob 0 nome de Deca Durabolin®. Este é uma solucdo injetavel, contendo 50 mg do

androgeno, disponivel como solucdo oleosa (Marqueti et al., 2010).

Procedimento experimental

As fémeas obtidas com ciclo estral regular foram pesadas e divididas aleatoriamente em
cinco grupos (n = 18/grupo): (C) Controle, tratado com injecdo de 0,1 ml de 6leo mineral durante
15 dias consecutivos por via subcutanea (s.c); e (DN) tratados com quatro diferentes doses de
decanoato de nandrolona (1,87; 3,75; 7,5 e 15 mg/kg de peso corpéreo), por meio de uma Unica
injecdo diaria da droga diluida em veiculo, via s.c., durante 15 dias consecutivos. As inje¢des
foram administradas no mesmo intervalo de tempo (12h30min-13h00min), para minimizar as
alteracdes no ciclo estral.

Cada grupo experimental foi dividido de acordo com os trés periodos do estudo (n = 6
ratas/grupo por periodo, Fig. 1A-C.): animais tratados com DN durante 15 dias consecutivos e

eutanasiados ao final do periodo de tratamento (A), e tratamento com DN durante 15 dias,
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seguido por um periodo de recuperacdo de 30 (B) ou 60 dias (C) e eutanasiados ao final destes
periodos. Devido ao prolongamento da fase de diestro nas ratas DN durante os periodos do
estudo, a eutanésia foi realizada em todas as fémeas nesta fase do ciclo, ao final de cada periodo,
inclusive nas do grupo controle para fins de comparagdo com as ratas androgenizadas. Apos cada
periodo (15 dias de tratamento, 30 e 60 dias de recuperacdo), as fémeas foram pesadas e
sacrificadas por saturacdo anestésica em CO; seguido por decapitacdo para coleta de sangue. Os
ovarios foram coletados e pesados, e 0s pesos relativos foram obtidos (peso do 6rgdo/peso

corporal X 100, expresso como g/100 g de peso corporal).

Selecao das dosagens

As doses de 7,5 e 15 mg de DN/kg foram selecionadas com base em estudos anteriores
em animais (Blasberg et al., 1997; Camargo et al., 2011; Mobini Far et al., 2007) e simulam as
condicBes geralmente empregadas por usuarios nao terapéuticos de EAA (variando de 200 a
3200 mg/semana; Evans, 1997). As doses de 1,87 e 3,75 mg DN/kg foram utilizadas para avaliar
os efeitos de doses recomendadas para diversos tratamentos (variando de 50 a 200 mg/semana;
Evans, 1997) ou doses mais baixas do que doses de substituicdo fisioldgica (variando de 25 a

600 mg/semana; Bhasin et al., 2005).

Avaliagéo do ciclo estral

Durante os periodos de tratamento e de recuperagdo, o ciclo estral foi monitorado
diariamente por exame citoldgico (secrecdo vaginal, Marcondes et al., 2002). O horério de coleta
foi fixado as 09h00min. As laminas contendo as células do epitélio vaginal foram analisadas sob
um microscopio de luz (Olympus CX31 RBSFA, Toquio, Japéo). As fases do ciclo estral foram

identificadas segundo o critério descrito por Goldman et al. (2007).



60

Imunohistoquimica

Os ovérios direito foram fixados em formalina tamponada a 10% (0,2 M NaH2PO4,
Na2HPO4 0,2 M, 37% de formaldeido LABIMPEX Ltda., Diadema, SP, Brasil, pH 7,2) por 24
h. Em seguida, o tecido foi desidratado em solucGes de etanol e clarificadas em xilol para
inclusdo em parafina (Paraplast Labware-Oxford, St. Louis, MO, EUA). Os blocos foram
cortados em sec¢oes de 4um de espessura em um microtomo RM2125 LEICA (Alemanha) e as
seccOes de tecido foram ao micro-ondas (700-800W), enquanto imerso em tampéo de citrato de
sodio 0,01 M, pH 6,0 para a recuperacdo de antigeno. Depois de bloquear a atividade da
peroxidase enddgena, o tecido foi incubado com 3% de albumina de soro bovino (BSA, 3%)
durante 1 h para evitar a ligacdo ndo especifica. Subsequentemente, as sec¢des de ovario foram
incubadas numa camara Umida durante a noite a 4°C com o anticorpo primario do receptor de
androgeno (AR) (diluicdo 1: 100, NB300-551, Novus Biologicals, Littleton, CO, EUA), anti-
receptor de estrogénio alfa (ER-a) (diluicdo 1: 100, NB110-56961, Novus Biologicals, Littleton,
CO, EUA), anti-receptor de estrogénio beta (ER-B) (1 ug de diluicdo/ml, NB120-3577, Novus
Biologicals, Littleton, CO, EUA) e anti-cytP450 aromatase (diluicdo 1: 100, NBP1-19697,
Novus Biologicals, Littleton, CO, EUA). Depois das reagdes imunologicas, as laminas foram
lavadas em solucdo salina tamponada com fosfato (PBS, cloreto de sodio, cloreto de potassio, di-
hidrogénio fosfato, e fosfato de hidrogénio dissédico) e incubado com o anticorpo secundario
(Polimero Anti-Mouse 1gG ou anti-Rabbit - DAKO® CYT) em temperatura ambiente durante 1
h. Em seguida, as laminas foram colocadas para reagir com o cromogeno diaminobenzidina
(DAB; Sigma, St. Louis, MO, EUA) durante 5 minutos e posteriormente as sec¢des foram
contrastadas com hematoxilina. Os controles negativos foram realizados omitindo o anticorpo
primario.

Os resultados foram analisados sob um microscopio Zeiss Ambito Al-axio (Carl Zeiss,

Jena, Alemanha) com base nos seguintes niveis de intensidade de coloracdo: ausente, fraca,
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moderada e forte reacdo. As imagens digitais foram capturadas com um fotomicroscopio
(Ambito Al-Axio acoplado a uma video-camera AxioCam 1Cc3) e digitalizadas pelo software

AXxio Vision, versdo 4.7.2 (Carl Zeiss, Jena, Alemanha).

Imunoblots e quantificagéo proteica

Ap0s cada periodo experimental (tratamento e recuperagdo), os ovarios esquerdos foram
removidos e congelados em nitrogénio liquido e armazenado a -80°C. Os tecidos foram
homogeneizados utilizando o tampéo de lise RIPA (Pierce Biotechnology, Rockford, IL, EUA)
(0,5 M de Tris-HCI, NaCl 1,5 M, &cido 2,5% desoxicolico, 10% de NP-40, EDTA 10 mM, pH
7,4) e o coquetel inibidor de protease (Sigma Chemical Co.), utilizando um homogeneizador
(Ultra IKA® T10 bésico, Staufen, Alemanha). Aliquotas contendo 1: 10 (v/v) de diluicdes em
Triton X-100 foram adicionados ao homogeneizado, e as amostras foram colocadas em gelo seco
com agitacdo durante 2 h para melhorar a extracdo. Estas suspensbes foram centrifugadas a
21.912 x g durante 20 min a 4°C e o sedimento descartado. A proteina total foi medida através
da determinacdo colorimétrica. Todas as proteinas foram dissolvidas em tampédo de amostra de
1,5x e usadas para a extracdo e andlise eletroforética em gel de poliacrilamida (SDS-PAGE, Bio-
Rad Laboratories, Hercules, CA, EUA). Quantidades iguais de proteina (70 ug) por pogo foram
colocadas em géis pré-formados de gradiente 4-12% de acrilamida (Amersham Biosciences,
Uppsala, Suécia), com um sistema de eletroforese em tampdo de corrida Tris-glicina (60 mA
fixo durante 2 h). Apos a eletroforese, as proteinas totais foram eletro-transferidas (200 mA
durante 1,5 h fixo) para membranas de nitrocelulose de 0,2 um em tampéo Tris-glicina-metanol.
O padréo pre-corado Caleidoscépio (Bio-Rad, Hercules, CA, EUA) foi utilizado como marcador
de peso molecular. Em seguida, as membranas foram bloqueadas com uma solugdo de TBS-T
contendo BSA a 3% a temperatura ambiente (TA) durante 60 min e, em seguida, incubou-se a

4°C durante a noite com o anticorpo primario policlonal anti-rabbit AR (NB300-551, Novus
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Biologicals, Littleton, CO, EUA); anti-rabbit receptor monoclonal de ER-a (NB110-56961,
Novus Biologicals, Littleton, CO, EUA), anti-receptor de ER-f (NB120-3577) e anti-cytP450
aromatase policlonal de coelho (NBP1-19697, Novus Biologicals, Littleton, CO, EUA). Todas as
diluicdes de 1:500, 1:5000, 1 ug/mL e 1:1000 foram realizadas a 1% de BSA, respectivamente.
Isto foi sequido por 3 x 5 min de lavagem em solucdo salina de tampé&o Tris e Tween 20 (TBS-
T), em seguida incubou-se durante 2 h a TA com anticorpos secundarios anti-rabbit conjugados
com HRP (diluido a 1: 1000 em BSA a 1%; Sigma-Aldrich Chemicals, St. Louis, MO, EUA).
Depois de se lavar sequencialmente com TBS-T, os sinais foram reforgados e a atividade da
peroxidase foi finalmente detectada por mistura de 10 mL de PBS, 8 uL de H202 e 0,02 g de
DAB (Sigma-Aldrich Chemicals, St. Louis, MO, EUA). Depois da lavagem sequencial com
TBS-T, as localizagbes das bandas foram detectadas utilizando-se um kit de substrato de
quimiluminescéncia (ECL Western Blotting Pierce Substrato - GE Healthcare®, Pittsburgh, PA,
EUA), de acordo com as instrugdes do fabricante. Os substratos foram removidos a partir das
membranas e os sinais de ECL foram capturados pela cdmara CCD (G:BOX Chemi, Syngen®,
Sacramento, CA, USA). A densidade Optica integrada (IOD) das bandas de proteinas alvo foi
medida usando o software Image J. (Instituto Nacional de Saude, Bethesda, Maryland, EUA)
para comparar 0s niveis de proteina. B-actina foi utilizado como um controle endégeno positivo e
os resultados foram expressos como a média + erro padrdo (SEM). Concentra¢des do imunoblot
(%) foram representadas como valores de densitometria Optica (banda de intensidade-

pixels/razéo da p-actina).

Ensaio de hormonios sexuais
Amostras de sangue foram coletadas (08nh00min-10h30min) em tubos Falcon a partir do
tronco cerebral de ratas decapitadas de cada grupo experimental (n = 18/grupo). O soro foi

obtido por centrifugacdo a 1200 x g durante 15 min a 4°C e armazenadas a -20°C até serem
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ensaiadas. Os niveis séricos de FSH (KT-15332, Kamiya Biomedical Company, Seattle, WA,
EUA), LH (026.576, Bioassay, Swampscott, MA, EUA), Estradiol (E2) (582.251), Progesterona
(P4) (582.601), Testosterona (T) (582.701) (Cayman Chemical Company, Ann Arbor, MI, EUA)
e DHT (KA1886, Abnova, Walnut, CA, EUA) foram medidos por imunoensaio ligado a enzima
especifica (ELISA) e a leitura foi realizada no Epoch espectrofotémetro (Biotek, Winooski, VT,
EUA) de acordo com as instru¢des do fabricante. Os niveis séricos foram expressos como

nanogramas/mililitro (ng/mL).

Anélise estatistica

Os dados foram analisados por meio da anlise paramétrica de variancia (ANOVA)
seguida pelo teste de Tukey, ou pelo teste ndo paramétrico de Kruskal-Wallis seguido pelo teste
de Student-Newman-Keuls, de acordo com as caracteristicas de cada varidvel. Os resultados
foram expressos como a média + erro padrdo (SEM) ou mediana + desvio interquartilico. A
significancia estatistica foi dada para p<0,05. A analise estatistica foi realizada utilizando o

software GraphPad Prism, versdo 5.00 (GraphPad Software Inc., San Diego, Califérnia, EUA).

RESULTADOS

Tratamento androgénico afeta o ciclo estral das ratas de maneira dose e periodo-dependente
Todas as ratas experimentais tiveram o ciclo estral afetado pelo DN. Durante o periodo de
tratamento, nos diferentes niveis de doses de DN, as ratas manifestaram um aumento (p<0,05) no
numero de dias em diestro (Fig. 2A), em comparacdo ao grupo controle. A influéncia do
tratamento androgénico manteve os grupos em diestro durante todo o periodo de recuperacao de
30 dias (Fig. 2B). Durante os 60 dias de recuperacao, verificou-se que as fémeas tratadas com as
doses mais baixas (1,87 e 3,75 mg DN/kg) restauraram o ciclo no 48° e 55° dias,

respectivamente, e o numero de dias em diestro no periodo foi de 51 e 57, respectivamente (Fig.
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2C). O grupo tratado com 7,5 mg DN/kg exibiu diestro até o0 59° dia, e na dose de 15 mg DN/kg

as ratas mantiveram-se em diestro durante os 60 dias de recuperagéo (Fig. 2C).

Peso ovariano

O peso relativo dos ovarios foi reduzido (p<0,05) nos grupos esteroidais apos o periodo
de tratamento, comparativamente ao grupo controle (Fig. 3). Os grupos DN ndo diferiram
significativamente entre si (p>0,05). Apos o periodo de recuperacdo de 30 dias, a reducdo no
peso gonadal foi mais acentuada (p<0,05) em todos os grupos DN, em compara¢do ao grupo
controle (Fig. 3), e o grupo tratado com 7,5 mg DN/kg apresentou maior (p<0,05) peso ovariano
que os grupos de menores doses, mas foi similar (p>0.05) ao grupo de 15 mg DN/kg. Aos 60
dias de recuperacéo, apenas o grupo de 1,87 mg DN/kg restabeleceu o peso ovariano a valores
semelhantes (p>0,05) ao do grupo controle. Os demais grupos esteroidais mantiveram 0 peso
ovariano reduzido (p<0,05), em comparacdo aos grupos controle e tratado com a menor dose de

DN (Fig. 3).

Niveis de AR, ER-a, ER-f ¢ CYP450 aromatase sdo diferentemente influenciados pelas doses

de decanoato de nandrolona no tecido ovariano

AR

A expressdo do AR variou em funcdo da dose esteroidal empregada. Apds o periodo de
tratamento a dose de 15 mg DN/kg diferiu (p<0,05) na expressdo do receptor na comparacao
com os demais grupos experimentais. Também houve maior (p<0,05) expressdo do receptor nos
grupos de 3,75 e 7,5 mg DN/kg na compara¢do com o controle e a menor dose esteroidal que
foram similares (p>0,05) entre si (Fig. 4B). A imuno-histoquimica mostrou que nos grupos
esteroidais o nivel de marcacdo para o AR foi moderado ou forte na camada granulosa dos

foliculos atrésicos predominantes nos ovarios, nos pequenos e escassos corpos luteos e nas
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células intersticiais (Fig. 4C, E e F). No grupo controle a marcagdo foi moderada nas estruturas
atrésicas (Fig. 4D). Apds os 30 dias de recuperacdo, os niveis do receptor estiveram elevados
(p<0,05) em todos os grupos esteroidais na compara¢do com o controle (Fig. 4B). Na imuno-
histoquimica houve uma marcante diminui¢do na marcacdo do AR nos foliculos primordiais e
atrésicos (Fig. 4G-J). Estruturas como epitélio germinativo, foliculos em crescimento e antrais,
mantiveram a alta expresséo do AR, principalmente na maior dose esteroidal (15 mg DN/kg).
Com excecdo do grupo tratado com 7,5 mg DN/kg a expressdo do AR manteve-se elevada
(p<0,05) nas ratas androgenizadas (Fig. 4B) na compara¢do com o controle ap6s o periodo de
recuperacdo de 60 dias. Sendo que o grupo de 15 mg DN/kg apresentou niveis superiores
(p<0,05) aos grupos de menor dose esteroidal. Houve alta imunomarcacdo para 0 AR nos
ovécitos, no corpo lateo (Fig. 4K-M), no tecido intersticial (Fig. 4N) e nos diversos tipos
foliculares (primordiais, crescimento, antrais e atrésicos) dos grupos esteroidais, com menor
intensidade apresentada pelo grupo de 7,5 mg DN/kg. Além disso, 0s grupos controle, 1,87 e
3,75 mg DN/kg apresentaram efeito periodo-dependente na expressdo do AR (Fig. 4B). No
grupo esteroidal de 3,75 mg DN/kg a expressao do receptor foi maior (p<0,05) apds o periodo de
recuperacdo de 30 dias na comparacdo com o periodo de tratamento. O mesmo ocorreu com 0
grupo controle apenas no periodo de recuperacdo de 60 dias. No grupo de 1,87 mg DN/kg os
niveis de expressdao do AR apds o periodo-tratamento foi estatisticamente inferior a ambos os

periodos de recuperacao.

ER-a

Os grupos que receberam 1,87 e 3,75 mg DN/kg apresentaram menor (p<0,05) expressdo
do ER-a na comparagdo com os demais grupos experimentais do periodo pds-tratamento (Fig.
5B). A imunolocalizagdo do ER-o. mostrou que estruturas ovarianas, tais como, foliculos

atrésicos, corpos luteos e tecido intersticial (Fig. 5D-F), apresentaram uma maior intensidade de
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expressdo do receptor no grupo tratado com o nivel mais alto do esteroide (Fig. 5F). O ER-a
apresentou moderada intensidade de coloracdo nos foliculos primarios, em crescimento e antrais
(Fig. 5C) em todos os grupos experimentais. Apos o periodo de recuperacdo de 30 dias, a
expressdo do ER-a foi elevada (p<0,05) apenas na maior dose (Fig. 5B). A camada granulosa
dos foliculos atrésicos e o tecido intersticial (Fig. 5H-J), diminuiram a imunomarcagdo para o
receptor nos grupos tratados com 1,87, 3,75 e 7,5 mg DN/kg. Nos demais componentes do
tecido ovariano, a expressdo do ER-a foi inalterada independente do grupo experimental. ApOs 0
periodo de recuperacdo de 60 dias, a dose de 15 mg DN/kg sofreu uma significativa queda nos
niveis de expressdo do ER-o na comparagdo com os demais grupos esteroidais, sendo que o
grupo de 1,87 mg DN/kg foi superior (p<0,05) também ao controle (Fig. 5B). Na imunorreacéao
para o receptor no tecido ovariano houve marcante reducdo na expressao do ER-a no grupo da
maior dose esteroidal (Fig. 5K), enquanto nas doses de 1,87 e 3,75 mg DN/kg, a reacdo
aumentou principalmente nos foliculos atrésicos (Fig. 5M e N), corpos luteos e tecido intersticial
de forma similar ao controle (Fig. 5L) e discretamente mais intensa a dose de 7,5 mg DN/Kg.

A expressdo do ER-a foi periodo-dependente para todas as doses do tratamento com DN
(Fig. 5B). Assim, comparando-se o grupo de 1,87 mg DN/kg entre cada periodo do estudo,
observa-se 0 aumento (p<0,05) na expressdo do receptor conforme o periodo de recuperacdo. Na
dose de 3,75 mg DN/Kkg a expressdo do ER-a ap6s 0 repouso de 60 dias foi superior (p<0,05) aos
demais periodos experimentais. Ainda neste periodo, a quantificacdo para o grupo de 7,5 mg
DN/kg foi superior (p<0,05) apenas na comparacdo com o periodo de recuperacéo de 30 dias, no

qual a expressao do ER-a para o grupo de 15 mg DN/kg diferiu dos demais periodos avaliados.
ER-p
Na quantificacdo do ER-B (Fig. 6A) todos os grupos apresentaram valores inferiores

(p<0,05) ao do grupo esteroidal de 15 mg DN/kg apos o periodo de tratamento (Fig. 6B). Na
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imunohistoquimica, a expressdo do ER-B foi predominante nos foliculos saudaveis e atrésicos
(teca e granulosa) (Fig. 6C, E e F), com maior marcagdo no citoplasma que no nucleo celular,
enquanto no controle a expressdo variou de baixa a moderada (Fig. 6D). Apds o periodo de
recuperacdo de 30 dias, a expressdo do ER-p foi similar (p>0,05) entre 0s grupos esteroidais, no
entanto, quando comparado ao controle, apenas as doses de 7,5 e 15 mg DN/kg foram superiores
(p<0,05) (Fig. 6B). A imunorreacdo para o receptor mostrou que os ovocitos, tecido intersticial e
0 nucleo das células granulosas dos foliculos antrais (Fig. 6G, | e J) e atrésicos apresentaram alta
marcagdo do receptor nos grupos androgenizados. O grupo controle manteve a expressao
folicular de intensidade moderada (Fig. 4H). N&o houve diferenca (p>0.05) na expressao do ER-
B entre os grupos experimentais no periodo mais longo de recuperacgdo, a excecdo foi o grupo de
15 mg DN/kg que manteve-se superior (p<0,05) ao controle (Fig. 6B). Na imuno-histoquimica
houve a intensificacdo da marcacdo nos foliculos antrais, em funcdo do aumento na dose do
esteroide (Fig. 6K, M e N). Na comparagdo de cada grupo experimental entre os periodos (Fig.
6B), houve resultado periodo-dependente na expressdo do ER-f no grupo de 3,75 mg DN/kg no
periodo pés-tratamento na comparagdo com os demais periodos do estudo (p<0,05), e nos grupos
de 1,87 e 7,5 mg DN/kg apds os 30 dias de repouso na comparagdo com o pés-tratamento
(p<0,05).

CYP450

Os niveis de CYP450 aromatase também foram alterados em fungdo do DN, de forma
que apds o periodo de tratamento houve maior (p<0,05) expressdo do receptor em todos 0s
grupos esteroidais comparativamente ao controle (Fig. 7B). Entre 0s grupos esteroidais nao
houve alteragdo significativa. A expressao do receptor CYP450 variou entre baixa a moderada
intensidade em diversas estruturas ovarianas (Fig. 7C) e houve um aumento na expressdo das
células luteinicas no grupo de maior dose (15 mg DN/kg; Fig. 7F), em comparacdo aos grupos

controle (Fig. 7D) e tratados com as demais doses de DN (Fig. 7C e E). A expressao do CYP450



68

(Fig. 7A) foi reduzida no grupo tratado com 7,5 mg DN/kg em comparacdo aos demais grupos
experimentais apos o periodo de recuperacdo de 30 dias (Fig. 7B), além disso, o grupo de 15 mg
DN/kg diferiu dos grupos esteroidais de menor dose. Fraca imunomarcagdo do receptor foi
observada no tecido intersticial e nos foliculos em crescimento, antrais e atrésicos dos grupos
DN (Fig. 7C, E e F) e controle (Fig. 7D). Apos o periodo de recuperacdo de 60 dias a analise do
receptor CYP450 aromatase (Fig. 7A), mostrou que todos 0s grupos experimentais apresentaram
resultados similares (p>0,05) (Fig. 7B). A analise imuno-histoquimica obteve fraca intensidade
de coloracdo na camada granulosa dos foliculos antrais dos grupos esteroidais (Fig. 7K e M),
similarmente ao grupo controle (Fig. 7L), com exce¢do do grupo de 15 mg DN/kg que
apresentou intensidade moderada (Fig. 7U). Na comparacdo dos periodos de recuperacdo com o
periodo pds-tratamento, houve reducdo (p<0,05) na expressdo da aromatase nos grupos

esteroidais apds a interrupcao do tratamento androgénico.

Dosagem hormonal

Apb6s os periodos de tratamento e de recuperacdo de 30 dias, todos 0s grupos
experimentais apresentaram niveis de FSH similares (p>0,05). J& no periodo de recuperacdo de
60 dias, apenas o grupo tratado com 7,5 mg DN/kg sofreu reducdo (p<0,05) nos niveis de FSH
(Fig. 8A).

Houve variagdes nos niveis de LH em funcdo da dose de esteroide. Apo6s o periodo de
tratamento, os grupos de 3,75, 7,5 e 15 mg DN/kg apresentaram niveis hormonais mais elevados
(p<0,05). Aos 30 dias de recuperacdo, houve um aumento significativo no nivel de LH no grupo
de 7,5 mg DN/kg, em comparacdo com a menor dose. Os grupos que receberam 7,5 e 15 mg
DN/kg apresentaram niveis mais elevados de LH apos o periodo mais longo de recuperagdo, mas

apenas o grupo de maior dose de DN diferiu significativamente do grupo controle (Fig. 8B).
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Os niveis de P4 foram reduzidos (p<0,05) nos grupos DN ap6s o periodo de tratamento,
em comparagdo ao grupo controle. Além disso, nas doses de 1,87 e 15 mg DN/kg, os niveis de
P4 foram significativamente menores que as doses intermediéarias (3,75 e 7,5 mg DN/kg). Apds o
periodo de recuperacédo de 30 dias, os grupos DN mantiveram o P4 reduzido (p<0.05). Os grupos
DN apresentaram niveis hormonais similares durante o periodo. Os grupos tratados com as duas
menores doses de DN recuperaram os niveis de P4 a uma quantidade similar (p>0.05) ao grupo
controle ap6s o periodo de recuperacdo de 60 dias. Nas doses de 7,5 e 15 mg DN/kg os niveis de
P4 mantiveram-se reduzidos (p<0,05) (Fig. 8C).

Os niveis de E2 foram mais elevados (p<0,05) nas doses de 7,5 e 15 mg DN/kg apds o
periodo de tratamento. Apds o periodo de recuperacdo de 30 e 60 dias, houve uma marcante
diminuicdo nos niveis de E2 nos grupos esteroidais, mas sem diferenca significativa entre os
grupos (Fig. 9A).

Ap0s o periodo de tratamento, os niveis de T (Fig. 9B) aumentaram (p<0,05) nos grupos
que receberam as doses de 3,75, 7,5 e 15 mg DN/kg. Aos 30 dias de recuperacédo, os niveis do
androgeno diminuiram nos grupos DN, quando comparados ao periodo pés-tratamento, no
entanto, o nivel de T manteve-se elevado (p<0,05) na dose mais alta de DN. Houve marcante
queda nos niveis de T nos grupos DN apds o periodo de recuperacdo de 60 dias, ainda assim, o
grupo de 15 mg DN/kg esteve elevado (p<0.05) (Fig. 9B).

Os niveis de DHT foram maiores (p<0,05) nos grupos que receberam o DN ap6s o
periodo de tratamento. No periodo pos-recuperacdo de 30 dias, 0s grupos tratados com as doses
de 3,75, 7,5 e 15 mg DN/kg mantiveram o0s niveis de DHT elevados (p<0,05). No periodo,
tambem houve diferenca (p<0.05) nos niveis hormonais entre o grupo de 1,87 mg DN/kg e
aqueles que receberam as duas maiores doses. Apds o periodo de recuperacao de 60 dias, apenas
0 grupo tratado com a dose de 15 mg DN/kg apresentou niveis de DHT superiores (p<0,05) (Fig.

9C).
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DISCUSSAO

Neste estudo foram avaliadas a imunolocalizacdo e quantificagdo dos receptores
esteroidais AR, ER-a, ER- e CYP450 aromatase no tecido ovariano, assim como, 0s niveis
hormonais em ratas submetidas a diferentes doses de decanoato de nandrolona e periodos de
tratamento e recuperacéo.

A ciclicidade estral das ratas foi influenciada negativamente pelo tratamento esteroidal,
em concordancia com relatos prévios (Gerez et al., 2005; Mobini Far et al., 2007; Bento Silva et
al., 2010; Chuffa et al., 2011; Camargo et al., 2011, 2014; Belardin et al., 2014; Simao et al.,
2015). O prejuizo no ciclo estral foi mantido apds os dois periodos de recuperacdo nas maiores
doses do esteroide, com indicacdo de efeito dose e periodo-dependente. Segundo Gervésio e
colaboradores (2014), em ovarios excessivamente androgénicos, pode ocorrer a hipersecrecdo do
LH que conduz a uma anovulagdo crénica e a infertilidade. Em concordancia, n6s observamos
que houve um aumento nos niveis de LH a partir da dose de 3,75 mg DN/kg apés o periodo de
tratamento e também apds os periodos de recuperacgdo de 30 e 60 dias, nos grupos de 7,5 e 15 mg
DN/kg, respectivamente.

A foliculogénese e a luteogénese foram severamente prejudicadas pelo tratamento com
decanoato de nandrolona, resultando na redugdo do peso ovariano ap6s o periodo de tratamento,
que se estendeu nos periodos de recuperacdo de 30 e 60 dias. A recuperacao das caracteristicas
morfolégicas do tecido ovariano ao 48° dia dos 60 dias pds-tratamento no grupo tratado com a
menor dose do esteroide (1,87 mg DN/Kkg), elevou o peso do 6rgdo de maneira similar ao do
grupo controle. O mesmo ndo ocorreu na dose de 3,75 mg DN/kg, devido a retomada tardia da
ciclicidade estral (55° dia do periodo de recuperacdo). E bem documentado que os esteroides
sintéticos promovem reducgdo no peso dos 6rgédos reprodutivos (Camargo et al., 2009a,b; Bento-

Silva et al., 2010; Karbalay-Doust e Noorafshan, 2012; Camargo et al., 2014).
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O desenvolvimento do corpo luteo e o desenvolvimento folicular podem ser influenciados
pela reducdo nos niveis de P4 (Littgenauett et al., 2011). No presente estudo, todos 0s grupos
androgenizados apresentaram reducdo nos niveis séricos de P4, em comparagdo ao grupo
controle, apo6s o periodo de tratamento e de recuperacdo de 30 dias. No periodo de recuperacao
de 60 dias, os niveis de P4 mantiveram-se baixos nos grupos esteroidais de 7,5 e 15 mg DN/Kg, e
foi similar ao controle nos grupos de menor dosagem (1,87 e 3,75 mg DN/Kkg). Estes resultados
mostram que o nivel de P4 est4 associado com a formacdo ou a degeneracdo das estruturas
luteinicas.

As alteracOes histopatoldgicas presentes nos ovarios das ratas que receberam as diferentes
doses de decanoato de nandrolona foram relatadas em nosso estudo prévio (Siméo et al., 2015), e
se assemelham as alteracfes observadas em ovarios de pacientes transexuais que receberam altas
doses de andrdgeno sintético por longo periodo (Chada et al., 1994). Em outro estudo (Manneras
et al., 2007), ratas com 21 dias de idade foram tratadas com 7,5 mg do andrégeno ndo-
aromatizavel DHT por 90 dias (83ug diariamente) ou Letrozol (36 mg, 400ug diariamente), um
inibidor da aromatase que bloqueia a conversao da T em E2. Ao final do tratamento, ambos 0s
grupos apresentaram morfologia gonadal similar a Sindrome do Ovario Policistico (SOP),
caracterizada pela numerosa populacdo de foliculos cisticos e atrésicos e reducdo no nimero de
foliculos pré-ovulatdrios e corpos lteos. Estas alteragdes ovarianas também foram observadas
no presente estudo ap6s os periodos de tratamento e recuperacdo. Os resultados obtidos pelos
varios autores confirmam o relato de que os androgenos sdo agentes prejudiciais ao tecido
gonadal quando presentes em quantidades excessivas (Gervasio et al., 2014). Segundo Walters
(2008), os androgenos sintéticos exercem efeitos negativos sobre a foliculogénese, mas néo é
bem conhecido se estes efeitos se devem somente ao mediador AR ou também a conversdo do

androgeno a outros esteroides, com potencial de exercer agdes indiretas, tais como, a via ER.
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Os hormonios esteroides ovarianos, incluindo andrégenos e estrogenos, influenciam o
processo da foliculogénese através da interacdo com os receptores especificos. No presente
estudo, a presenca de forte marcacdo do AR nas células granulosas e tecais dos foliculos antrais e
atrésicos das ratas androgenizadas confirma os resultados obtidos em ovarios de pacientes
transexuais que receberam andrdgeno sintético e também de pacientes com SOP (Chada et al.,
1994). De acordo com os autores, os resultados sdo consistentes com 0 conceito de que 0s
andrdgenos que interagem com os ARs assumem uma fungdo essencial para o crescimento e
maturacdo folicular, atresia e luteinizacdo de uma maneira autdcrina ou paracrina. Nossos
resultados sdo concordantes com o relato, uma vez que o andrdgeno sintético administrado em
diferentes doses prejudicou o desenvolvimento folicular e a formac&o do corpo IGteo, e induziu
uma marcante atresia folicular. Além disso, a alta expressdo do AR nos ovarios das ratas mesmo
apos os periodos de recuperacao de 30 e 60 dias, demonstra que a regulagcdo dos ARs induzida
pelo decanoato de nandrolona persiste por um periodo consideravel apds a remocao do esteroide
exogeno.

O ER-B ¢ a principal forma presente nos ovarios, mas ambos ERs (a e ) sdo importantes
para a manutenc¢do da fertilidade e funcdo ovariana (Drummond & Fuller, 2012). Altos niveis de
ER-a ¢ ER-P sdo expressos nos ovarios normais (Kuipper et al., 1997). No entanto, em pacientes
com SOP, a expressdo do ER-B ¢ reduzida nas células granulosas e tecais (Jakimiuk et al., 2002);
em modelo SOP de roedor, esta expressao também é reduzida na granulosa dos foliculos cisticos
(Zurvarra et al., 2009). Em nosso estudo, houve alta imunomarcagdo do ER-B nas células
foliculares dos grupos DN apds os periodos de tratamento e de recuperacdo de 30 dias, e uma
expressao dose-dependente do receptor na imunoreacdo do periodo de recuperacdo de 60 dias.
Na analise por imunoblotting o grupo de 15 mg DN/kg foi o Unico a superar a expressao do
controle em todos os periodos experimentais. Apesar das discrepancias entre nossos resultados

com o0s demais estudos quanto a imunomarcacao e quantificagdo do ER-p, diversos fatores, tais
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como, condicdo experimental dos ovarios, tipo de andrégeno sintético empregado, niveis de
androgenos circulantes e modelo experimental devem ser considerados para eventuais
comparagoes.

Trabalho realizado por Elias (2013) em ratas tratadas com o esteroide estanozolol (5
mg/kg no 21° dia pos-natal), mostrou que aos 30 e 60 dias de vida, houve redugdo na expressao
do ER-o nos ovarios. Os resultados do presente estudo mostraram que apds o periodo de
tratamento, a reducdo na expressdo do ER-a ocorreu apenas nas duas menores doses do esteroide
(1,87 e 3,75 mg DN/kg) na comparagdo com os demais grupos experimentais. Ao se avaliar 0s
periodos de recuperacgdo, verificou-se que apds os 30 e 60 dias, todas as ratas androgenizadas
apresentaram valores similares ao controle na quantidade de ER-a, excecdo feita apenas pelo
aumento da expressao do grupo de 1,87 mg DN/kg ap6s os 60 dias de repouso. Além disso, o
grupo de 15 mg DN/kg diferiu dos demais grupos esteroidais em ambos os periodos de
recuperacdo. Os resultados mostram que a forma de expressdao do ER-a diverge em funcdo da
dose esteroidal administrada e periodo avaliado. Os niveis elevados de androgeno promovido
pelo tratamento com a dose de 15 mg DN/kg impulsionaram a expressao do ER-a até o final do
menor periodo de repouso. Ap6s o periodo de recuperacdo de 60 dias, com a consequente
diminuicdo dos niveis de andrdgeno circulante, a expressdo do receptor foi reduzida pelo grupo a
um valor similar ao controle, mas inferior as demais doses do esteroide, que recuperaram a
expressao do ER-o com maior antecedéncia em fungé@o das menores doses empregadas durante o
tratamento com DN.

Os estrogenos estdo envolvidos na regulacdo da expressdo dos ERs. Elias (2013) relatou
aumento nos niveis de 17p-estradiol nas ratas pré-puberes tratadas com estanozolol. No presente
estudo, os niveis do E2 aumentaram apenas nos grupos tratados com 7,5 e 15 mg DN/kg ap6s o
periodo de tratamento. Apos o periodo de recuperacdo de 30 dias os niveis do E2 diminuiram e

mantiveram-se desta maneira ap6s o maior periodo de repouso. Observou-se assim, que o
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aumento nos niveis de E2 ndo correspondeu a um acréscimo na quantidade dos receptores
estrogénicos ovarianos apos o periodo de tratamento, mas com a queda no nivel hormonal houve
um aumento na quantidade do ER-a nas doses esteroidais de 1,87, 3,75 e 7,5 mg DN/kg apos o
periodo de recuperacdo de 60 dias, e para 0 ER-B nas doses de 7,5 e 15 mg DN/kg nos 30 dias
pos-tratamento. Os resultados sugerem que ha uma down-regulation na expressao dos ERs pelos
niveis de estrogenos dependente da dose do esteroide sintético e periodo considerado, pés-
tratamento ou pos-recuperagao.

Na esteroidogénese feminina, o processo de aromatizacdo dos andrdgenos resulta na
geracdo de estrégenos e é mediado pela enzima citocromo P450 aromatase (CYP450). Os
androgenos regulam a expressdo do mRNA e acentuam a atividade da enzima aromatase via AR
(Roselli & Resko, 1993), e também atuam diretamente como substrato para a aromatase. A
expressdo da enzima ocorre no corpo liteo e nas células periféricas da granulosa de foliculos
antrais e pré-ovulatorios, e é ausente na granulosa que circunda o antro (Stocco, 2008). Neste
estudo, observou-se que apo6s o periodo de tratamento, a marcagdo para 0 CYP450 nas células
granulosas dos foliculos antrais e atrésicos variou de moderada a alta, e nas células luteinicas
variou de moderada a baixa. A quantidade da enzima foi maior nos grupos androgenizados ap6s
o0 periodo de tratamento e posteriormente todos os grupos DN apresentaram expressao similar ao
grupo controle no periodo de recuperacdao de 60 dias. Shiina e colaboradores (2006) sugeriram
que os andrégenos ndo sdo cruciais para a expressao da aromatase in vivo, mas os androgenos
servem principalmente como um substrato para a sintese de estrogenos (Tetsuka et al., 1995), e o
FSH é o principal indutor da atividade das células granulosas (Stocco, 2008). Neste estudo, a
administracdo do andrdgeno sintético, em doses crescentes, resultou em altos niveis séricos de T
nas ratas, mas esta desregulacdo endocrina ndo foi capaz de reduzir os niveis de FSH. No

entanto, houve interferéncia na sintese de E2 mediada pela CYP450, uma vez que ap0s o periodo
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de tratamento os niveis séricos do hormdnio aumentaram nas doses mais altas do EAA (7,5 e 15
mg DN/kg).

No estudo de Manneras e colaboradores (2007) as concentracdes de T no plasma néo
foram alteradas nas ratas tratadas com o DHT, mas estiveram aumentadas no grupo Letrozol. A
P4 foi diminuida em ambos 0s grupos experimentais e 0 E2 permaneceu inalterado. Em nosso
estudo, o tratamento androgénico com o esteroide sintético decanoato de nandrolona, promoveu
0 aumento significativo na quantidade de T e de DHT nas ratas apds o periodo de tratamento, nas
doses de 7,5 e 15 mg DN/kg apds o periodo de recuperagdo de 30 dias e na maior dose
experimental apds o periodo de recuperacdo de 60 dias. As altas concentracbes desses hormonios
na comparagdo com o controle demonstra a magnitude com que se encontravam 0s niveis
androgénicos nas ratas ap6s o periodo de tratamento, tendo em vista que grande parte da T ja se
encontrava em sua forma biologicamente ativa (DHT) convertida pela enzima Sa-redutase.
Segundo McNatty e colaboradores (1979a,b), baixos niveis de aromatase nos foliculos atrésicos
promovem a conversdo de andrégenos em DHT, em vez de E2, perpetuando o excesso de
androgenos. Com a interrup¢do do tratamento esteroidal e a metabolizacdo dos produtos
derivados do esteroide, os niveis de T e DHT diminuiram nas ratas androgenizadas de uma
maneira dose e periodo-dependente.

Neste estudo, os niveis de FSH ndo foram alterados durante os periodos pés-tratamento e
de recuperacdo por 30 dias. Apenas no maior periodo de repouso houve reducdo nos niveis de
FSH nos animais que receberam a dose de 7,5 mg DN/kg. Estudos recentes tém demonstrado a
capacidade dos EAA em alterar a sintese de FSH. Garevik e colaboradores (2011), mostraram
que individuos tratados com EAA por um longo periodo exibiram a supressdo dos niveis de FSH
e LH, além de alteragdes no metabolismo de colesterol, mesmo ap6s 1 ano sem receber o
tratamento. Os resultados foram atribuidos ao feedback negativo que a nandrolona ou seus

metabolitos exercem sobre o eixo hipotalamo-hipdfise-gonada, relacionada ao hipogonadismo
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hipogonadotréfico (Pope & Katz, 1994; Palonek et al., 1995). Da mesma forma, Bordbar e
colaboradores (2014), mostraram que uma baixa dose de decanoato de nandrolona (3
mg/kg/semana) reduziu os niveis de FSH, E2 e P4 em ratas, e na dose mais alta (10
mg/kg/semana) também houve reducéo nos niveis de LH. No entanto, em modelo animal com
SOP (Tehrani et al., 2014), obtido a partir do tratamento perinatal com T exo6gena, houve
aumento nos niveis de T e LH, mas nenhuma alteracdo nos niveis de FSH, E2 e P4 na progénie
adulta. Em nosso estudo, o LH mostrou-se elevado apds o periodo de tratamento, assim como a
T nas doses esteroidais de 3,75, 7,5 e 15 mg DN/Kkg, além disso o E2 esteve superior nas duas
maiores doses e a P4 foi reduzida em todas as ratas androgenizadas. De maneira similar,
mulheres com SOP se caracterizaram pela anovulagdo crbnica na presenga de concentragoes
normais de FSH e E2 (Broekmans et al., 2006) e uma secrecdo excessiva de LH (DeVane et al.,
1975; Rebar et al., 1976).

Estes resultados com mulheres sugerem a presenca de uma desregulacdo do eixo
hipotalamico-hipofisario na SOP, que € apoiado pela evidéncia de um aumento da sensibilidade
hipofisaria a estimulagcdo com o fator de liberagdo de corticotrofina, resultando em um excesso
de horménio adrenocorticotréfico e resposta ao cortisol em mulheres com esta desordem
(Lanzone et al., 1995). Entretanto, altas concentracdes de androgenos dessensibilizam o
hipotalamo ao feedback negativo pela P4, sugerindo que as anormalidades na liberacdo de
gonadotrofinas na SOP sdo secundarias a liberacdo anormal de esteroides pelos ovarios,
glandulas adrenais (Norman et al., 2007) e pela administracdo exdgena de andrégenos.

Varios mecanismos tém demonstrado que a resisténcia a insulina pode contribuir para as
anormalidades gonadotroficas e o hiperandrogenismo. Elevadas concentracfes de insulina
circulante reduzem os valores de SHBG, aumentando assim a biodisponibilidade de T (Nestler et
al., 1991) e também podem servir como um co-fator para estimular a biossintese de andrégeno

adrenal e ovariano, contribuindo assim para a concentracdo anormal de gonadotrofinas (Willis et
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al., 1996; Azziz et al., 2003). A insulina também pode agir diretamente no hipotdlamo e na
hipofise para regular a pulsatividade da liberagdo de gonadotrofinas (Adashi et al., 1981), mas a
contribuicdo da resisténcia a insulina para a manifestacdo das anormalidades gonadotroficas na
SOP permanece incerta (Dunaif 1997). De fato, estudos sobre a administracdo de anabolizantes
(Cohen & Hickman, 1987) e esteroides sexuais (Woodward et al., 1981; Diamond et al., 1998)
em seres humanos tém demonstrado que estes hormonios séo capazes de induzir a resisténcia
periférica a insulina. Portanto, é possivel acreditar que os niveis de FSH e LH apresentados pelas
ratas androgenizadas de nosso estudo, podem ter sido em funcdo das caracteristicas similares a
uma SOP promovida pelo tratamento com DN em nosso procedimento experimental.

Em resumo, todas as doses de decanoato de nandrolona, do menor ao maior nivel de
dose, apresentaram prejuizo no ciclo estral e na estrutura histoldgica ovariana das ratas e as
maiores doses (7,5 e 15 mg DN/kg) nédo restabeleceram o ciclo reprodutivo e o tecido ovariano
apo6s o0 maior periodo de interrupcdo do tratamento esteroidal. Além disso, o0 maior nivel de dose
do esteroide foi 0 que apresentou as maiores respostas na imunoexpressdo dos receptores
esteroidais ap6s os periodos de tratamento e de recuperagdo por 30 e 60 dias. Nossos resultados
permitiram associar os efeitos colaterais promovidos pelo tratamento com as diferentes doses de
decanoato de nandrolona no tecido ovariano e nos niveis hormonais sexuais de forma similar as
caracteristicas morfofisiologicas da Sindrome dos Ovérios Policisticos, além de expandir o
conhecimento acerca dos complexos mecanismos envolvidos na regulacdo das fungdes ovarianas
e na promogdo das injurias relacionadas ao tratamento androgénico na reproducdo feminina,
acompanhando ao longo do tempo a forma com que pode se dar a reversibilidade dos efeitos

colaterais em funcdo da dose administrada.
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OBS: as figuras encontram-se traduzidas para o idioma inglés em funcdo do preparo do

manuscrito para publicagdo em revista internacional.
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Figura 1. Esquema cronolégico do delineamento experimental em dias. (A) Aos 90 dias de

idade seis (6) ratas por nivel de dose (1,87, 3,75, 7,5 e 15 mg DN/kg) foram designadas para

eutanasia ao final do periodo de tratamento de 15 dias. (B) Seis (6) ratas por nivel de dose (1,87,

3,75, 7,5, e 15 mg DN/Kkg) receberam o respectivo tratamento durante os 15 dias e foram

mantidas em repouso no periodo de recuperacdo de 30 dias (105 a 135 de idade), seguida pela

eutanasia. (C) Seis (6) ratas por nivel de dose (1,87, 3,75, 7,5, e 15 mg DN/kg) receberam o

respectivo tratamento durante 15 dias, e foram mantidas sem tratamento adicional durante o

periodo de recuperacdo de 60 dias (105 a 165 de idade), seguida por eutanasia.
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Figura 2. Numero de dias em diestro nas fémeas dos grupos tratados com DN (1,87; 3,75; 7,5; 15
mg/kg) apds o periodo de tratamento (A), periodo de recuperacdo de 30 dias (B), e periodo de
recuperacdo de 60 dias (C), comparativamente ao grupo controle de ciclo estral regular e sacrificado na
fase do diestro. *Diferencga estatistica (p<0,05) na comparacdo com todos 0s grupos esteroidais;
**Diferenca estatistica (p<0,05) na comparacdo com os grupos tratados nas doses de 3,75, 7,5 e 15 mg

DN/Kkg. Valores expressos como média + erro padrdo. ANOVA, teste de Tukey.
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Figura 3. Representacdo esquematica do peso relativo ovariano das ratas do grupo controle (Control)
e tratados com decanoato de nandrolona (1,87; 3,75; 7,5 e 15 mg/kg), nos diferentes periodos do
estudo (Post-treatment period, Post-recovery period / 30 days e Post-recovery period / 60 days).
Valores expressos como meédia + erro padrdo (n= 6 animais/grupo). ANOVA, teste de Tukey.
*Diferenca estatistica (p<0,05) na comparacdo com todos 0s grupos esteroidais; **Diferenca
estatistica (p<0,05) na comparacdo com os grupos de 1,87 e 3,75 mg/kg; ***Diferenca estatistica

(p<0,05) na comparacdo com os grupos Controle e 1,87 mg/kg.
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Figura 4. Analise de Western Blot e localizacdo imunohistoquimica do AR nos grupos experimentais apos 0s

diferentes periodos do estudo (Post-treatment period, Post-recovery period / 30 days e Post-recovery period /
60 days). (A) Representacdo dos perfis de expressao das proteinas (70 ug) em extratos agrupados de 6
amostras/grupo. (B) Os extratos obtidos a partir das ratas individuais foram usados para analise densitométrica
dos niveis de AR seguido de normalizacdo pela B-actina. Todos os resultados sdo expressos como média +
erro padrdo (n= 6 animais/grupo). *Diferenca estatistica (p<0,05) na compara¢do com 0s demais grupos do
periodo; **Diferenca estatistica (p<0,05) na comparacdo com os grupos Controle e 1,87 mg DN/kg do
periodo; ***Diferenca estatistica (p<0,05) na comparacdo com o grupo Controle do periodo. °Diferenca
estatistica (p<0.05) na comparagdo com o respectivo grupo dos demais periodos experimentais; *’Diferenca
estatistica (p<0.05) na comparacdo com o respectivo grupo do periodo de tratamento. No periodo de
tratamento a imunoreatividade para o0 AR (C-F) foi de intensidade moderada nos foliculos atrésicos (At) e
tecido intersticial (IT) do grupo Controle (D) e grupos que receberam 1,87 (C) e 3,75 mg DN/kg (E), e de alta
intensidade na dose de 15 mg DN/kg (F). Ap6s o periodo de recuperagdo de 30 dias a imunorreacdo para 0 AR

(G-J) foi de fraca intensidade nos At do grupo Controle (H) e nos grupos DN de 1,87 (G) e 7,5 mg/kg (I) e
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moderada na dose de 15 mg DN/kg (J). No periodo mais longo de repouso a imunorreacéo para o0 AR (F-1) foi
alta principalmente nos corpos luteos (CL) dos grupos DN de 1,87 (K) e 3,75 mg/kg (M). No grupo controle a
expressdo no CL foi moderada (L). No grupo de 15 mg DN/kg os corpos lUteos estiveram ausentes, mas no IT
a expressao foi moderada (N). Barras = 200 um (C, G e K) e 50 um (D-F, H-J e L-N). Foi utilizado controle

negativo.
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Figura 5. Andlise de Western Blot e localizagdo imunohistoquimica do ER-a nos grupos experimentais apos

os diferentes periodos do estudo (Post-treatment period, Post-recovery period / 30 days e Post-recovery
period / 60 days). (A) Representacdo dos perfis de expressdo das proteinas (70 ug) em extratos agrupados de
6 amostras/grupo. (B) Os extratos obtidos a partir das ratas individuais foram usados para analise
densitométrica dos niveis de ER-a seguido de normalizagdo pela B-actina. Todos os resultados s&o expressos
como média £ erro padrdo (n= 6 animais/grupo). *Diferenca estatistica (p<0,05) na comparacdo com 0s
demais grupos do periodo; ***Diferenca estatistica (p<0,05) na comparacdo com o grupo controle do
periodo; ****Diferenca estatistica (p<0,05) na comparacdo com os grupos de 1,87, 3,75 e 7,5 mg DN/kg do
periodo. “Diferenca estatistica (p<0.05) na compara¢do com o respectivo grupo dos demais periodos
experimentais; “*’Diferenca estatistica (p<0.05) na comparagdo com o respectivo grupo do periodo de
recuperacdo de 30 dias; ***’Diferenca estatistica (p<0.05) na comparagdo do mesmo grupo experimental
entre todos os periodos do estudo. No periodo de tratamento a imunoreatividade para o0 ER-a (C-F) foi de
intensidade moderada nos foliculos atrésicos (At) e tecido intersticial (IT) do grupo Controle (D) e grupos

que receberam 1,87 (C) e 3,75 mg DN/kg (E), e de alta intensidade na dose de 15 mg DN/kg (F). Apés o
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periodo de recuperacdo de 30 dias a imunomarcacdo do ER-a no IT foi de intensidade baixa nos grupos
androgenizados de 1,87 (H), 3,75 (1) e 7,5 mg DN/kg (J), enquanto que foi moderada no Controle (G). Ja
apos o periodo de recuperacdo de 60 dias, a imunomarcacao para 0 ER-a apresentou intensidade moderada
nos At dos grupos de 1,87 (M) e 3,75 mg DN/kg (N), de forma similar ao grupo controle (L), enquanto que
houve fraca intensidade no grupo de 15 mg DN/kg (K). Barras = 200 um (C, G ¢ K) e 50 um (D-F, H-J e L-

N). Foi utilizado controle negativo.
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Figura 6. Analise de Western Blot e localizagdo imunohistoquimica do ER-3 nos grupos experimentais apos
os diferentes periodos do estudo (Post-treatment period, Post-recovery period / 30 days e Post-recovery
period / 60 days). (A) Representacdo dos perfis de expressao das proteinas (70 ug) em extratos agrupados de
6 amostras/grupo. (B) Os extratos obtidos a partir das ratas individuais foram usados para analise
densitométrica dos niveis de ER-f seguido de normalizagdo pela B-actina. Todos os resultados s&o expressos
como média + erro padrdo (n= 6 animais/grupo). *Diferenca estatistica (p<0,05) na comparagdo com 0s
demais grupos do periodo; ***Diferenca estatistica (p<0,05) na comparacdo com o grupo Controle do
periodo. “Diferenca estatistica (p<0.05) na comparacdo com o respectivo grupo dos demais periodos
experimentais; “’Diferenca estatistica (p<0.05) na comparagdo com o respectivo grupo do periodo de
tratamento. No periodo de tratamento houve marcante imunomarcacdo para 0 ER-p no tecido ovariano das
ratas do grupo de 15 mg DN/kg (C). Nos foliculos antrais dos grupos de 3,75 (E) e 7,5 mg DN/kg (F), a
intensidade de expressdo do ER-B foi alta e no controle foi moderada (D). Apds o periodo de recuperacédo de
30 dias a imunoreatividade para 0 ER-B manteve-se elevada nos grupos androgenizados (G, | e J). A

expressdo nuclear das células granulosa dos foliculos antrais dos grupos de 1,87 (1), 3,75 (J) e 7,5 mg DN/kg
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(G), apresentaram alta marcacdo no periodo, enquanto no grupo controle a expressdo no citoplasma das
celulas foi moderada e a nuclear ausente (H). Ap6s os 60 dias de repouso a imunomarcagdo do ER-B nos
foliculos antrais foi de fraca intensidade no grupo de 1,87 mg DN/kg (M), moderada intensidade no grupo de
7,5 mg DN/Kkg (K, estrutura f) e alta intensidade nos grupos controle (L) e tratado com 15 mg DN/kg (N).

Barras = 200 um (C, G e K) e 50 um (D-F, H-J e L-N). Foi utilizado controle negativo.
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Figura 7. Analise de Western Blot e localizacdo imunohistoquimica do CYP450 nos grupos experimentais
apos os diferentes periodos do estudo (Post-treatment period, Post-recovery period / 30 days e Post-recovery
period / 60 days). (A) Representacdo dos perfis de expressdo das proteinas (70 ug) em extratos agrupados de
6 amostras/grupo. (B) Os extratos obtidos a partir das ratas individuais foram usados para andlise
densitométrica dos niveis de CYP450 seguido de normalizagdo pela B-actina. Todos os resultados sdo
expressos como media + erro padrdo (n= 6 animais/grupo). *Diferenca estatistica (p<0,05) na comparacao
com os demais grupos do periodo; ****Diferenca estatistica (p<0,05) na compara¢do com os grupos de 1,87,
3,75 e 7,5 mg DN/kg do periodo. °Diferenca estatistica (p<0.05) na comparacdo com o respectivo grupo dos
demais periodos experimentais; “’Diferenca estatistica (p<0.05) na comparagdo com 0 respectivo grupo do
periodo de tratamento. No periodo de tratamento a imunoreatividade moderada para o CYP450 foi
apresentada nas diversas estruturas ovarianas (C), tais como nos corpos lateos (CL) dos grupos tratados com
1,87 (E) e 7,5 mg DN/kg (C), no controle a expressdo de forma geral, assim como nos CL, foi baixa (D),
enquanto que no grupo de 15 mg DN/kg (F) a intensidade foi alta. Apds o periodo de recuperacdo de 30 dias

uma reducdo na imunomarcagédo para 0 CYP450 foi observada nos grupos esteroidais, particularmente nos
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foliculos atrésicos (At) das doses de 1,87 (1) e 7,5 mg DN/Kg (J) cuja intensidade de expressdo foi fraca. Nos
grupos controle (H) e tratado com 15 mg DN/kg (G) a expressdao foi moderada. Ap6s o periodo de
recuperagdo de 60 dias a imunorreacdo do CYP450 mostrou fraca expressdo nos foliculos antrais (f) dos
grupos de 3,75 (K) e 7,5 mg DN/kg (M), similarmente ao grupo controle (L). No grupo de 15 mg DN/kg (N) a
expressdo foi moderada. Barras = 200 um (C, G ¢ K) e 50 um (D-F, H-J e L-N). Foi utilizado controle

negativo.
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Figura 8. Perfil hormonal dos grupos experimentais ap6s os diferentes periodos do estudo (Post-
treatment period, Post-recovery period / 30 days e Post-recovery period / 60 days). (A) niveis de
FSH (ng/mL); (B) niveis de LH (ng/mL) e (C) niveis de Progesterona (ng/mL). Valores expressos
como media + erro padrdo (n= 6 animais/grupo). ANOVA, teste de Tukey. *Diferenca estatistica
(p<0,05) na comparacdo com os demais grupos; **Diferenca estatistica (p<0,05) na comparacéo
com o grupo de 1,87 mg DN/kg; ***Diferenca estatistica (p<0,05) na comparagdo com o Controle;

****Diferenca estatistica (p<0,05) na comparacdo com os grupos de 1,87 e 15 mg DN/kg.
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Figura 9. Perfil hormonal dos grupos experimentais apds os diferentes periodos do estudo (Post-
treatment period, Post-recovery period / 30 days e Post-recovery period / 60 days). (A) niveis de
Estradiol (ng/mL); (B) niveis de Testosterona (ng/mL) e (C) niveis de DHT (ng/mL). Valores
expressos como média * erro padrdo (n= 6 animais/grupo). ANOVA, teste de Tukey. *Diferenca
estatistica (p<0,05) na comparagcdo com os demais grupos do periodo; **Diferenca estatistica (p<0,05)
na comparagdo com o grupo controle; ***Diferenca estatistica (p<0,05) na comparagdo com 0s grupos
de 7,5 e 15 mg ND/kg; ****Diferenca estatistica (p<0,05) na compara¢gdo com os grupos de 1.87 mg
ND/kg; “Diferenca estatistica (p<0.05) na comparagdo com o grupo de 15 mg ND/kg; *’Diferenca

estatistica (p<0.05) na comparagdo com o grupo de 3.75, 7.5 e 15 mg ND/Kg;
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IV. CONCLUSAO GERAL

Todas as doses de decanoato de nandrolona, do menor ao maior nivel de dose,
apresentaram prejuizo no ciclo estral, na estrutura histologica ovariana e uterina e na
capacidade reprodutiva das ratas. As maiores doses (7,5 e 15 mg DN/kg) nao
restabeleceram o ciclo reprodutivo e as caracteristicas normais do tecido ovariano e
uterino mesmo apds o maior periodo de interrupcdo do tratamento esteroidal (pés-
recuperacdo de 60 dias). O efeito do anabolizante indica que 0os mecanismos que
participam da regulacdo hormdnio-receptor no tecido ovariano variam em funcdo da
dose de esteroide empregada, apos os periodos de tratamento e de recuperacédo. Os
resultados indicam que ha um complexo mecanismo envolvido na regulagdo das
funcdes ovarianas, o qual requer a interagcdo de hormonios, receptores ovarianos (tais
como os AR e ER’s) e outras moléculas sinalizadoras que poderdo possibilitar com a
interrupcdo por um longo periodo de tempo do tratamento esteroidal, a recuperagéo

das caracteristicas reprodutivas de maneira dose e periodo-dependente.
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Reproduction is the official journal of the Society of Reproduction and Fertility (SRF). It was formed in 2001 when
the Society merged its two journals, the Journal of Reproduction and Fertility and Reviews of Reproduction.

Reproduction publishes original research articles, Debates and topical reviews on the subject of reproductive
biology and medicine. Its focus is on cellular and molecular biology of reproduction, including the development of
gametes and early embryos in all animal species including the human; developmental processes such as cell
differentiation, morphogenesis and related regulatory mechanisms in normal and disease models; assisted
reproductive technologies in model systems and in a human clinical environment; reproductive endocrinology;
reproductive immunology; and reproductive physiology. Additional topics including cloning, the biology of
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disruptors), and epigenetic effects on reproductive and developmental processes are encouraged.

Editorial policy
There are no page charges and colour is free.

Reproduction publishes research articles that extend our understanding of mechanisms of reproductive biology
and medicine. Articles of a descriptive or technical nature will only be published when they open new lines of
research and are of interest to the wide readership of the journal. The journal does not normally publish clinical
studies unless they advance our understanding of the underlying causes and/or mechanisms of disease.

Articles that are not within the remit of the journal will be rejected without full peer review. Such decisions will be
taken by two editors, normally within a week of submission. A brief explanation as to why the manuscript does not
meet the journal’s requirements for publication will be provided.

Articles must not be submitted for publication elsewhere until the journal has reached a decision on whether to
publish the article. If rejected the authors are free to submit elsewhere; if accepted the assurance automatically
extends indefinitely.

Translated Abstracts

Reproduction is inviting authors to submit abstracts in major European languages and official languages from
major contributing countries. This will allow authors to increase the reach and usage of their research published in
Reproduction. Languages currently invited for translated abstracts include Chinese, French, Italian, Spanish,
Portuguese, German, Finnish, Korean, Russian, Ukranian, Japanese, Hebrew, Persian and Hindi. We intend to add
further languages following the launch of this initiative. Authors wishing to include an abstract in their native
language should submit an extra word document including the title, abstract and keywords in one language of
their choice. This text will be checked for accuracy by members of the Editorial Board or Language Advisors and
will be published online as part of the article’s record on the journal website, should the manuscript be accepted
for publication.
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Ethics

All authors must abide by the standards outlined in the journal’s ethical guidelines. In particular, please note the
need to avoid duplicate submission, plagiarism and self-plagiarism. Reproduction is a member of, and subscribes
to the principles of, the Committee on Publication Ethics (COPE).

BioScientifica is a member of CrossCheck (powered by iThenticate).

CrossCheck is a multi-publisher initiative to screen published and submitted cros
content for originality. Manuscript submissions will be screened against the
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not a requirement for submission, but may assist
authors to avoid plagiarism/self-plagiarism. Originality of the manuscript submitted is the author’s responsibility.

It will be assumed that submitted manuscripts carry the approval of all the authors.

Any changes to the authorship of the manuscript during the peer review process require the complete agreement
of all authors in writing, as per the Committee on Publication Ethics (COPE) guidelines.

Open Access and archiving in online repositories
The journal also offers an Open Access option.
NIH funded papers

The journal automatically deposits articles (final, accepted version) to PubMed Central on behalf of authors who
are NIH funded, for release 12 months from publication, enabling authors to comply with the NIH Public Access
Policy.

Copyright

Articles are considered on the understanding that, if they are accepted for publication, the entire copyright shall
pass to the Society for Reproduction and Fertility. The corresponding author is requested to digitally sign a
copyright transfer agreement to this effect.

(Please note that when the Open Access option has been taken, copyright remains with the author(s).)

Permissions

It is your responsibility to clear all copyright permissions for any work reproduced in your article and to pay any
permissions fees.

If a figure/table is adapted or reproduced from a previously published work, please include wording to this effect
and a citation to the original work in the figure legend. Please forward permission from the copyright holder
(usually the publisher) to the editorial office with your submission.

For information on how to request permission to reproduce any part of an article published in Reproduction see
the journal’s permissions and commercial reprints page.

Article types

Reviews

Reproduction publishes reviews on basic mechanisms, recent developments and new hypotheses in reproductive
biology. Review articles are made freely available on the journal’s website immediately upon publication.

Articles are commissioned by the Reviews Commissioning Group and undergo peer review by experts in the field.
If you would like to submit a review please approach the Reviews Editor with a brief outline of your topic. This can
be done via our feedback form.

Reviews should, in general, conform to the requirements for original research articles and be of interest to
specialists and comprehensible to non-specialist students, university teachers, research workers and clinicians.
They should be concise, with approximately 60 references and 2-6 figures or tables. Original summary diagrams
and illustrations of proposed models (in colour where appropriate) are encouraged. Line drawings may be redrawn.
Boxes can be used to separate detailed explanations and background information from the main part of the text.

Research articles

Research articles should be substantial bodies of work describing original research that provides insight into the |
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mechanisms of reproductive biology.
Manuscripts should be concise and clear. We recommend a maximum of 10 figures and 60 references.

NEW! Reproduction will be reverting to its traditional article format, with the Materials and Methods section
following on from the Introduction and before the Results section. All manuscripts submitted from now onwards
should be prepared in this format.

1. Title page, 2. Abstract (maximum 250 words), 3. Introduction, 4. Materials and Methods, 5. Results, 6.
Discussion, 7. Declaration of interest, 8. Funding, 9. Acknowledgements, 10. References, 11. Figure legends, 12.
Tables, 13. Figures.

Debates

Reproduction is launching an exciting new debate article type in order to keep our readers up to date with the
latest controversies in reproductive biology.

Debates will take the format of a general introduction from the proposer and opposer, followed by a constructive
critique of each others point of view and any concluding remarks. The debate will be published as a single article,
providing readers with an excellent overview resource for controversial topics. We anticipate that these articles will
be of high interest and they will be prioritised for promotion.

Debate articles are commissioned by the Reviews Editor and undergo peer review by experts in the field. If you
would like to suggest a debate topic please approach the Reviews Editor with a brief outline. This can be done via
our feedback form.

Submission

Submit online using the ScholarOne Manuscripts system.

Papers must be written in clear, concise English. Where English is not the first language of the authors, the journal
strongly recommends the use of an English language editing service.

If accepted, your article will be included in the Reproduction Advance Publication service. Please ensure that the
details entered in ScholarOne Manuscripts match those in the manuscript itself, as the Reproduction Advance
Publication is generated from ScholarOne Manuscripts. In particular, ensure that affiliations are included and that
the order, spelling and middle initials of authors are entered as you want them to appear online, as the
Reproduction Advance Publication will be indexed in PubMed until the final typeset version is published.

Please prepare the content of your article as described below.

Include a covering letter containing the following:

L4A statement that the work has not been and will not be submitted for publication elsewhere until
the editorial board has decided whether to publish the article

l4A clear and succinct explanation of how your research advances present knowledge of
reproductive biology

Articles quoted as ‘in press’ that are not available online as part of the Reproduction Advance Publication service
or a similar scheme must be provided as supplementary files for reviewing purposes.

Give the names of up to five reviewers with email addresses. One of these scientists may be asked to referee the
article.

Authors should keep copies of everything submitted.
Charges to authors

Reproduction is committed to keeping costs to authors to a minimum. Consequently, there are:

4 No submission fees

4 No page charges

4 Colour figures are free where the use of colour is necessary, such as photographs and composite
images. Colour printing is costly to the journal and colour should not be used for bar/line/pie
charts.

Charges would only be incurred if you are publishing supplementary data or making your article Open Access.

Preparation of manuscripts
General

4 Use double line spacing throughout (including reference list and figure legends).

"4 Number all pages, and number the lines continuously throughout the entire manuscript down the
left-hand side of each page.

““When preparing a revised manuscript, please highlight the changes to your manuscript within the
document by using the highlighter function or coloured text.

lW4Manuscripts can be written in either UK or US English. As a guideline, follow the Shorter Oxford
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English Dictionary for UK English or Merriam-Webster’s New Collegiate Dictionary for US English.

[/Define all abbreviations when first mentioned. e

For further advice on manuscript preparation see the Guidelines published by the European Association of Science
Editors.

Gene and protein nomenclature

Manuscripts must be prepared in accordance with approved gene nomenclature.

ldIn gene and protein symbols, substitute Greek letters with the corresponding roman letter, e.g.
TGFBR2 not TGFBR2.

"4 Avoid hyphens unless they are part of the approved symbol, e.g. IGF1 not IGF-1.

H4 Use arabic rather than roman numerals, e.g. BMPR2 not BMPRII.

Follow species-specific formatting standards as follows:

Mice and rats

Gene symbols should be in italics with only the first letter capitalised. Protein designations should be the same as
the gene symbols except that all letters should be capitalised and in roman (i.e. not italicised). For example:

4 Gene/RNA/DNA: Sox2
14 Protein: SOX2

Use symbols approved by the International Committee on Standardized Genetic Nomenclature for Mice and the Rat
Genome and Nomenclature Committee, which can be queried at the MGl website.

Humans, non-human primates and domestic species

Gene symbols should be in italics with all letters capitalised; protein designations should be the same as the gene
symbols but not italicised. For example:

4 Gene/RNA/DNA: SOX2
"4 Protein: SOX2

Use symbols approved by the HUGO Gene Nomenclature Committee (HGNC).

Fish

Gene symbols should be in italics with all letters in lower case; protein designations should be the same as the
gene symbols but not italicised and with the first letter capitalised. For example:

14 Gene/RNA/DNA: sox2
14 Protein: Sox2
s

Use symbols approved by the Zebrafish Nomenclature Committee (ZNC), which can be queried at the ZFIN website.
Title page
Include a separate title page with:

W4Title (maximum 85 characters). Titles should be as short as possible while still informing the
reader about the article content and engaging their interest

H¥Authors’ names and full addresses. The place where the work was carried out should be listed
first. Use superscript numbers after authors’ names to indicate their affiliations

"4 Corresponding author’s postal and email address

U4 Short title (maximum 46 characters, including spaces)

Abstract

The abstract should be a single paragraph of not more than 250 words, clearly stating the objective of the study or
review, the methods used (where applicable), and summarizing results and conclusions.

Avoid abbreviations and references.

Introduction

The introduction should set the study in context by briefly reviewing relevant knowledge of the subject; follow this
with a concise statement of the objectives of the study.

Materials and Methods

Provide sufficient information for other workers to repeat the study. If well-established methods are used give a
reference to the technique and provide full details of any modifications.

Wdinclude the source of chemicals, reagents and hormones and give the manufacturer’s name and
location (town, country) in parentheses.
Give the generic name, dose and route of administration for drugs.
Specify the composition of buffers, solutions and culture media.
Use SI symbols, give concentrations in mol/l and define the term % as w/v or v/v for all solutions.
For international units use iu (U should be used for enzyme activity).

laSpecify the type of equipment (microscopes/objective lenses, cameras, detectors) used to obtain
images.

l4Specify any image acquisition software used, and give a description of specialized techniques
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surface and volume rendering.

Authors are encouraged to refer to the MIQE guidelines (Clinical Chemistry55 611-622), and in particular the
checklist within them, when preparing manuscripts detailing quantitative real-time PCR experiments.

Animals

Experiments with animals must be performed in accordance with UK legal requirements. Include a statement that
investigations have been approved by the local ethical committee.

l4Give the full binomial Latin names for all experimental animals other than common laboratory
animals.

L4 State the breed or strain and source of animals, and give details of age, weight, sex and housing.

14 Detail the procedures and anaesthetics used, including doses given.

Authors are encouraged to refer to the ARRIVE guidelines, and in particular the checklist within them, when
preparing manuscripts detailing animal experiments.

Statistical analysis

Give sufficient details of the experimental design and analysis so that the reader can assess their adequacy and
validity for testing the hypotheses of interest.

In particular:

l4Describe the numbers of experimental units used and the way in which they have been allocated
to treatments.

B4 Justify the omission of any observations from the analysis.

"4 Describe methods of analysis precisely and state any necessary assumptions, as these may affect
the conclusions that can be drawn from the experiment.

Your article may be sent to the Statistical Advisor for comments.

Declaration of interest, Funding and Acknowledgements

Declaration of interest
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Please either (a) declare that there is no conflict of interest that could be perceived as prejudicing the impartiality
of the research reported; or (b) fully declare any financial or other potential conflict of interest.
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service or a similar scheme, then the Digital Object Identifier (DOI) should be included; otherwise, provide a copy
of the article as a supplementary file for reviewing purposes. Details of how to cite such articles can be found
here.

In the text

Cite references in the text using the authors’ names and publication year. Use et al. for articles with more than two
authors. Where there are several citations, list them in chronological order.

In the reference list

List references in alphabetical order. Give articles by the same author in the order:

i. Single author
ii. Two authors alphabetically according to the name of the second author
iii. Three or more authors chronologically, with a, b and c etc. for articles published in the same year,
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Reference in the following format:
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Tables

Tables should be concise. Tables too large for print publication should be submitted as supplementary data.

54 Number tables in the order they are cited in the text.

"4 Include a title - a single sentence at the head of the table that includes the name of the organism
studied.

"4Use footnotes to provide any additional explanatory material, cross-referenced to the column
entries.

14 Give a short heading for each column.

“4 Do not use internal horizontal or vertical lines, colour or shading.
"4 Explain all abbreviations used in the table in the footnotes.

Figures

Colour figures are free where the use of colour is necessary, such as photographs and composite images. Colour
printing is costly to the journal and colour should not be used for bar/line/pie charts.

Authors with particularly interesting and attractive images should consider submitting them to our cover art
competition. See below for more information.

54 Number figures in the order they are cited in the text.

%4 Include legends to all figures, giving the figure number, keys to any symbols used, the name of
the organism studied, the names of any statistical tests used and the probability levels used for
comparisons.

U4 Label figure sections as A, B etc in the top left-hand corner.

U4 Use Arial or a similar sans-serif font for text labels.

4 Do not enclose figures in boxes.

"4 Indicate magnification by a scale bar in the bottom right-hand corner of the image and give the
measurement in the legend.

"4Use the preferred symbols of closed and open circles, squares and triangles. Ensure that symbols
are large enough to be read clearly when the figure is reduced for publication.

“4Use Courier or a similar non-proportional font for amino acid, DNA, RNA and PCR primer
sequences and highlight sections of homology between sequences with grey shading.

File types and resolution
Reproduction is committed to publishing high quality figures.

EPS or TIFF files are preferred. Files should be exported in Illustrator compatible format. Avoid using PowerPoint or
Word files for figures.

Additional information regarding the submission of figures can be found here.

Line images/graphs

4 File types: EPS, TIFF, high-resolution PDF, Al (Adobe Illustrator)
4 Resolution at final published size: 1200 dpi

Half-tone (greyscale) images
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L4 File types: TIFF, high-resolution PDF, JPEG
L4 Resolution at final published size: 600 dpi

Colour images

Colour figures and illustrations are printed without charge to the author at the discretion of the editorial office and
a member of the editorial board.

l4File types: TIFF, high-resolution PDF, JPEG. EPS or Al files can be used for graphical data and
illustrations that don’t include photographs

L4 Resolution at final published size: 300 dpi

4 Colour format: CMYK (not RGB)

Image acquisition and manipulation

No specific feature within an image may be enhanced, obscured, moved, removed, or introduced. The groupings of
images from different parts of the same gel, or from different gels, fields or exposures must be made explicit by
the arrangement of the figure (e.g. using dividing lines) and in the text of the figure legend. Adjustments of
brightness, contrast, or colour balance are acceptable if and as long as they do not obscure or eliminate any
information present in the original. Nonlinear adjustments (e.g. changes to gamma settings) must be disclosed in
the figure legend. Adjustments should be applied to the entire image. Threshold manipulation, expansion or
contraction of signal ranges and the altering of high signals should be avoided.

This policy is adopted from The Journal of Cell Biology.

Supplementary data

Supplementary data too large for print publication or exceeding the bounds of the manuscript may be submitted
for online publication.

Supplementary data files intended for online publication should be submitted online via ScholarOne Manuscripts
as ‘Supplemental File for Review’, and referred to as supplementary data in the text:

(Supplementary Table 1)
(Supplementary Figures 1 and 2)

Supplementary information will be reviewed as part of the manuscript, evaluated for its importance and relevance
and, if accepted, will be referenced in the text of the article, directing readers to the website.

There is a charge to the author of 100 GBP for the first file and 20 GBP for each subsequent file. Each figure, table,
movie, etc. will be treated as a separate file.

Reprints

A free PDF will be emailed to all the authors of an article. Please email bioscireprints@cadmus.com if you wish to

purchase reprints of your article.

Cover art competition

Readers are invited to submit reproductive biology images for consideration as the cover of Reproduction.
Figures must be of high quality and resolution of at least 300 dpi at the final published size (280 mm x 210 mm).

Winners will be selected by the Editor-in-Chief and awarded a prize of 100 GBP. Winning images will be used on
the cover of the journal for three issues, in print and online, and may be used in promotional material. Images not
selected for use may still be used on the Society for Reproduction and Fertility and BioScientifica websites for
promotional purposes.

By submitting an image you warrant that you own the copyright and agree to the use of the image as described
above.

Images should be accompanied by a short caption of 25-30 words explaining what the image depicts and who
should be acknowledged for its production. For further information on how to submit an image please contact the
editorial office.

Article promotion

Where appropriate, published articles are promoted to scientists and clinicians from all over the world to ensure
maximum reach and visibility of our authors’ work.

How we may promote your work

I Press releases for papers of high interest and broad appeal.
"4 Communications to members of the owning society, the Society for Reproduction and Fertility
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(SRF), via multiple media.

H4Bioscientifica journals are promoted at c¢.40 conferences a year and your article may be picked to
feature on our Themed Collection handouts.

“4Bimonthly email newsletters, including topic collections, sent to authors, readers, editors,
reviewers and anybody else with an interest in the journal.

l4Social Media coverage by the SRF on their facebook and twitter pages.

Tips for promoting your own work

Did you know that a Tweeted article is 11 times more likely to be cited up to 29 months after publication than an
un-Tweeted article (source: Eysenbach 2011)?

Get the most out of your published article by considering the following:

H4You will receive a link to your published article which you can send to colleagues who may be
interested in your line of research.

4 Use Kudos to maximize the impact of your article.

4 Add your article to the list of publications on your institution’s webpages.

"4 Use of social media: tweet your article and mention @SRF_Repro for a retweet.

"4 Link to the paper in work-related blogs and professional websites.

Kudos
Bioscientifica is working with Kudos to help our authors maximize the impact of their published work.

Kudos provides a free set of tools to help you explain your work in new ways and share it both within your
networks, and more widely. You can measure the results of these actions and track the resulting increase in
downloads, readership and, ultimately, citations.

Authors using Kudos sharing tools receive on average 19% more downloads for their articles than those who dont.

Kudos is free to use and only takes a few minutes of your time.

Article level metrics

Article level metrics are available for articles published in Reproduction. This feature provides traditional usage
data (number of article downloads/views) as well as Altmetric data for individual articles published in the journal.
Altmetric provide non-traditional data by tracking a selection of online indicators (both scholarly and non-
scholarly) to give a measurement of digital impact and reach. This information is used to generate an article’s
Altmetric score.

These article level metrics allow authors to monitor the impact of their research in academia and beyond.

Back to top
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