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RESUMO

Este estudo foi proposto para avaliar se a exposicdo perinatal (gestacional e
lactacional) ou crénica a isoflavonas em dieta contendo soja ou na forma de concentrados
de isoflavonas pode comprometer a saude reprodutiva de coelhos machos. No primeiro
experimento, fémeas foram alimentadas com dieta contendo soja ou dieta isenta de soja e
alfafa, suplementada com 10 ou 20 mg/kg/dia de isoflavonas ao longo da gestacdo e
lactacdo. O grupo controle foi mantido somente com a dieta isenta de soja e alfafa. Na
desmama, foram avaliados o peso e a morfologia dos 6rgdos do aparelho reprodutor e os
niveis séricos de testosterona de parte dos filhotes machos. O restante deles foi submetido a
dieta controle desde a desmama até a fase adulta. Apds a puberdade, os animais foram
avaliados quanto ao comportamento sexual, qualidade do s€émen e morfologia dos 6rgaos
reprodutivos. No segundo experimento, fémeas foram alimentadas com as mesmas dietas
empregadas no primeiro experimento, porém a suplementacdo com isoflavonas foi
realizada com doses variando de 2,5 a 20 mg/kg/dia. As doses de isoflavonas foram
selecionadas com base em estimativas da ingestdo de isoflavonas a partir do consumo de
alimentos derivados da soja. Apos a desmama, os filhotes machos receberam a mesma dieta
fornecida para suas respectivas maes até o fim do experimento. Foi avaliado nestes animais
a idade a puberdade, qualidade do s€émen e o comportamento sexual, e, na 33* semana de
vida o peso e a morfologia dos 6rgdos reprodutivos. Os resultados deste estudo foram
baseados em dados obtidos da avaliagdo de 100 machos num periodo de 3 anos. O nimero
de espermatozodides esteve de acordo com os valores da literatura para coelhos da raga

Nova Zelandia e ndo variou significativamente em relagdo ao grupo controle, embora o

Xi



volume de s€émen tenha sido menor em coelhos expostos a alta dose de isoflavonas (20
mg/kg/dia). O peso dos orgaos reprodutivos ndo diferiu estatisticamente do grupo controle
e ndo houve evidéncia de malformagdes genitais, alteracdes metaplasicas, ou qualquer outra
alteracdo histopatologica correlacionada com os tratamentos. Nos jovens, a analise
histologica dos testiculos ndo revelou diferencas no desenvolvimento gonadal. Coelhos
suplementados de forma cronica com 20 mg/kg/dia de isoflavonas apresentaram menor
ingestdo de alimentos e peso corporal na fase adulta. Este achado ¢ economicamente
importante na produ¢do animal; todavia os animais alimentados com a dieta contendo soja
apresentaram na 33% semana de idade consumo de alimento e peso corporal maiores em 6 e
4% respectivamente do que os animais do grupo controle (P < 0,05). Apesar dos recentes
alertas, os resultados deste estudo ndo suportam a hipdtese de que a exposi¢do a isoflavonas
em doses compativeis com o consumo de alimentos a base de soja possa comprometer a

satide reprodutiva masculina.
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ABSTRACT

This study was proposed to determine if perinatal (that is gestation and lactation) or
chronic exposure to isoflavones trough consumption of soy containing diet or semipurified
soy isoflavones may disrupt male reproductive health of rabbits. In the first experiment,
groups of dams were fed either soy containing diet or soy and alfafa free diet supplemented
with soy isoflavones at levels of 10 and 20 mg/kg/day throughout gestation and lactation.
The control group was kept on soy and alfafa free diet only. Reproductive organs weight
and morphology and serum levels of testosterone of part of the male offspring were
evaluated at weaning. Remaining males were subjected to the control diet from weaning to
adulthood. Sexual behavior, semen quality and reproductive organs morphology were
evaluated after puberty. In the second experiment, groups of dams were fed same diets
employed in the experiment 1, but supplementation with isoflavones were performed with
doses ranging from 2,5 to 20 mg/kg/day. Dose levels of isoflavones were selected on the
basis of the reported estimative of isoflavones intake from the consumption of soy-based
foods. After weaning, male offspring received the same diet, which was given to the
respective mother. The age that males reached puberty, semen quality and sexual behavior
were evaluated in these animals and at 33 weeks of age reproductive organs weight and
morphology were analyzed. Results of this study were sustained by data from the
evaluation of 100 males in a period of 3 years. Sperm counts was within literature values
for New Zealand rabbits and did not vary significantly in relation to control group, although
semen volume has been lesser in rabbits exposed to high levels of isoflavones (20

mg/kg/dia). Reproductive organs weight did not differ statistically from the control, and
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there was no gross evidence of genital malformations, metaplastic changes, or any
histopathologic alteration that was correlated with the treatments. In the young rabbits,
histological analysis of the testes did not revel differences in gonadal development. Rabbits
chronically supplemented with 20 mg/kg/day of soy isoflavones showed lesser food intake
and body weight at adulthood. This find is economically important in animal production;
however the animals fed soy containing diet showed food consumption and body weight 6
and 4%, respectively higher than animals of the control group at 33 weeks of age (P <
0.05). In conclusion, despite recent alerts, results of this study did not support the

hypothesis that isoflavones consumption at dietary levels may impair male reproductive

health.
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1. INTRODUCAO

1.1. ASPECTOS GERAIS

Fitoestrogenos (FE) sdo compostos estrogénicos presentes em vegetais e capazes de
mimetizar o efeito dos estrogénios endégenos em varios tecidos e sistemas enzimaticos de
animais ¢ humanos. Estes podem ser divididos em trés grupos: isoflavonas, coumestanos e
lignanos, sendo que as principais fontes sdo soja e trevo, alfafa, e sementes oleosas,
respectivamente. Todos sdo compostos fenolicos, com similaridade estrutural aos

estrogénios naturais e sintéticos (Kurzer e Xu, 1997).

O grupo das isoflavonas ¢ constituido pela genisteina, daidzeina, gliciteina,
biochanina A e formononetina (Kurzer e Xu, 1997), destas, a genisteina e a daidzeina sdo
as que apresentam atividade estrogénica mais potente, sendo, portanto, utilizadas na
maioria das pesquisas (Lephart et al., 2002). Na maioria das plantas sdo encontrados na
forma de glicosidios (genistina e daidzina) (Thigpen et al., 1999) e para serem absorvidos,
estes devem sofrer hidrélise da molécula de carboidrato por enzimas de bactérias do trato
digestorio e pelo acido cloridrico, ou mesmo por glicosidases presentes nos alimentos
(Kelly et al., 1993). O tratamento térmico ou o processo de fermentacdo influencia nas
formas das isoflavonas presentes nos alimentos, todavia, ndo neutralizam seu potencial
biologico (Kurzer e Xu, 1997), e sua biodisponibilidade ndo ¢ afetada pela fonte alimentar

(Xu et al., 2000).



1.2. EFEITOS BENEFICOS ATRIBUIDOS AO CONSUMO DE FITOESTROGENOS

Estudos epidemioldgicos, comparando populagdes asiaticas com ocidentais, tém
sido interpretados no sentido de que uma dieta rica em FE protegeria contra neoplasias
hormonios-dependentes, perda 6ssea e doengas cardiovasculares. Conseqiientemente existe
um movimento global incentivando o consumo de alimentos ricos em FE e de comprimidos

e extratos concentrados de isoflavonas (Clapauch et al., 2002).

As mulheres asiaticas, que consomem uma dieta tradicional com alta quantidade de
soja, apresentam baixa incidéncia de cancer de mama, mas quando migram para os Estados
Unidos, a segunda, mas ndo a primeira geragao perde esta protecao (Fritz et al., 1998). Elas
apresentam também 1/10 do risco de cancer de endométrio quando comparadas com as
caucasianas, que vivem no ocidente (Burke et al., 1996) e apresentam também menor
incidéncia de osteoporose (Cooper et al., 1992). Quando se considera a populagdo
masculina, japoneses apresentam menor volume da prostata, mesmo apds os ajustes para
diferencas em estatura, peso e idade. Sdo também menos susceptiveis a hiperplasia
prostatica benigna (Masumori et al., 1996) e apresentam menor incidéncia de cancer de
prostata (Strauss et al., 1998). O consumo de isoflavonas por estas populagdes ¢ da ordem
de 20 a 150 mg/dia, niveis absolutamente superiores aos consumidos no ocidente, cerca de

1 a 3 mg/dia (Glazier e Bowman, 2001).

Apesar de que outros fatores, como menor ingestdo de gordura e maior ingestdo de
fibras (Sharpe e Skakkebaek, 1993) devam ser considerados para se interpretar as

diferencas entre as populacdes, resultados de estudos in vitro e em animais sustentam a



hipotese do efeito protetor dos FE (Record et al., 1997, Fritz et al., 1998, Agarwal, 2000,

Liggins et al., 2000, Ohta et al., 2000, Risbridger et al., 2001, Jarred et al., 2003).

Como antioxidantes, os FE reduzem a oxidagdo de lipidios, prevenindo a
arteriosclerose (Yamakoshi et al.,, 2000). Em outubro de 1999, o 6rgdo Food and Drug
Administration (FDA) autorizou o antincio em embalagens de alimentos a base de proteina
de soja, que o produto diminui o risco de doenca cardiovascular. A concessdao baseou-se em
estudos que apontam que a adi¢do de quantidade a partir de 25 g/dia desse composto (que
contém cerca de 50mg de isoflavonas), associada a uma dieta pobre em gordura, levaria a

reducdo do colesterol total e LDL (Clapauch et al., 2002).

1.3. EFEITOS ADVERSOS DECORRENTES DA EXPOSICAO A FITOESTROGENOS

O aumento do consumo de FE, em especial por criangas, tem causado preocupagdes
sobre o impacto destas substancias na saide humana. A exposicdo se da por toda a vida e
suas conseqiiéncias estdo longe de serem conhecidas, quer durante a vida intra-uterina, quer
no desenvolvimento e suas repercussdes na reproducao (Clapauch et al., 2002).

Os efeitos potenciais dos FE foram reportados pela primeira vez em 1946 em
ovinos, na chamada “doen¢a do trevo”. Severos distirbios reprodutivos culminaram em
infertilidade permanente em fémeas, que pastavam em campos ricos em trevo vermelho na
Australia (Kurzer e Xu, 1997). Mais de 1 milhdo de ovelhas tiveram o aparelho reprodutor
permanentemente comprometido (Adams, 1990). Carneiros castrados, alimentados com
trevo apresentaram galactopoiese, metaplasia escamosa de glandulas anexas ao aparelho

reprodutor e estenose uretral (Lindner, 1976). Esta variedade de trevo (7rifolium pratense)



possui a maior concentracdo de FE entre as leguminosas, podendo alcangar 2,5% da
matéria seca. Dentre eles, os mais abundantes sdo a formononetina e a biochanina A
(Saloniemi et al., 1995). Na soja, a concentracdo de FE ndo ultrapassa 0,16% da matéria
seca (Kurzer e Xu, 1997).

Severos disturbios de fertilidade também foram relatados em vacas, que
consumiram silagem a base de trevo vermelho. Todavia, neste caso houve uma melhora
progressiva nos indices de fertilidade decorrente da substituicdo da deita (Kallela et al.,
1984). O consumo de alta quantidade de soja por vacas (2,5 kg/animal/dia) reduz o indice
de fertilidade e aumenta o niimero de inseminagdes por animal, por induzir o aumento da
sintese de agentes luteoliticos durante o ciclo estral e inicio da gestacdo (Woclawek-
Potocka et al., 2005). Nao houve descricio de comprometimento reprodutivo de machos
nestes casos.

Niveis relativamente altos de FE em dieta contendo soja podem ser um dos maiores
fatores responséaveis pela queda de fertilidade de guepardos fémeas em cativeiro (Setchell et
al.,, 1987). Os felinos apresentaram lesdes uterinas, como endométrio cistico, fibrose
endometrial ¢ miometrial, de forma semelhante as lesoes relatadas em ovelhas na doenca do
trevo.

Segundo alguns estudos, os FE podem alterar a estrutura cerebral. Em ratos machos,
dietas contendo altas concentracdes de FE mudaram significativamente a estrutura dos
nucleos sexualmente dimoérficos da area pré-optica do hipotdlamo (Lephart et al., 2001,
2002). Em humanos, o consumo de tofu (queijo de soja) por homens de meia idade estd
relacionado ao comprometimento da fungdo cognitiva e atrofia cerebral em idade mais

avancada (White et al., 2000).



Exposicdo a daidzeina (0,1 mg/dia) por 12 semanas causou disfungdo erétil em
coelhos (Srilatha e Adaikan, 2004). Recentemente, especula-se que o incremento das
desordens reprodutivas e a suposta degradacdo da qualidade do sémen humano poderia
estar relacionada ao aumento da exposicdo a estrogénios ambientais, inclusive aos FE
(Sharpe e Skakkebaek, 1993, Sharpe, 1993, Wisnieswski et al., 2003).

Face aos indicativos, tem se sugerido a redu¢do do contetido de isoflavonas em
alimentos derivados da soja, especialmente nas férmulas infantis a base de soja (Bocquet et
al.,, 2001). Ja se utiliza racdes com baixos niveis de fitoestrogenos para animais de
laboratorio a fim de se evitar um possivel comprometimento de ensaios enddcrinos e de
ordem reprodutiva (Thigpen et al., 1999, Brown e Setchell, 2001). Atualmente, os maiores
fabricantes de racdes para animais de laboratorio nos Estados Unidos excluiram alfafa de
suas formulagdes (Brown e Setchell, 2001).

Neste contexto, muitas chamadas de adverténcia sobre as conseqiiéncias do
consumo de soja tém sido publicadas em artigos cientificos, bem como nos informativos

para o publico em geral (Clapauch et al., 2002).

1.4. CONSUMO DE FITOESTROGENOS
Homens e animais estdo expostos a variadas doses de FE em todas as fases da vida
ao consumirem leguminosas, em especial soja e seus derivados (Kurzer e Xu, 1997) e até
mesmo leite (Franke et al., 1998, Fritz et al., 1998, King et al., 1998) e ovos (Saitoh et al.,

2001).



Alimentos como soja tostada (35,2% de proteina), farinha de soja (37,8% de
proteina), ou concentrados de proteina de soja apresentam entre 5,2 a 5,5 mg de isoflavonas
por grama de proteina. Desta forma, uma por¢cdo de '2 copo de soja tostata (93g),
quantidade normalmente recomendada para o consumo diario, contém 167 mg de
isoflavonas (Reinli e Block, 1996).

A concentragdo de isoflavonas nas formulas infantis a base de soja varia de 155 a
281 mg/Kg. Criancas alimentadas com estes produtos estdo expostas a doses de isoflavonas
4 a 6 vezes maiores do que adultos consumindo uma dieta contendo 30g de soja por dia
(Franke et al., 1998). Esta exposi¢do ¢ da ordem de 22-45mg de isoflavonas/dia (6-11
mg/Kg/dia), o que gera concentracdes sangiiineas de isoflavonas de 13.000 a 22.000 vezes
maiores do que as concentragdes de estradiol nas criangas mais jovens (Setchell et al.,
1997, 1998). Este fato em especial tem despertado a atencdo da classe cientifica, devido ao
potente efeito estrogénico destes componentes, o que, teoricamente, pode causar efeitos
permanentes (Irvine et al., 1998, Strom et al., 2001, Yellayi et al., 2002).

Niveis plasmaticos de isoflavonas excedendo em 30 a 60 mil vezes os niveis de
estrogénios enddgenos foram identificados em roedores apds consumirem ragdes
comerciais, cuja fonte protéica era derivada da soja (Brown e Setchell, 2001). Altos niveis
de fitoestrogenos também foram observados em ragdes comercializadas para animais de
companhia e roedores (Setchell et al., 1987, Thigpen et al., 1999, Brown e Setchell, 2001,
Court e Freeman, 2002, Degen et al., 2002, Cerundolo et al., 2004). Pesquisadores devem
estar atentos, pois a presenca de grandes quantidades de FE nas dietas para animais de
laboratério pode comprometer os resultados de investigacdes cientificas (Casanova et al.,

1999, Thigpen et al., 1999, Brown e Setchell, 2001).



1.5. MECANISMO DE ACAO DOS FITOESTROGENOS EM MACHOS

Até recentemente, pouco se conhecia sobre o mecanismo de acdo dos estrogénios
nos tecidos do macho. A enzima aromatase, responsavel por catalisar a conversao de
androgenos em estrogénios foi identificada em vdrias células e tecidos, como células
germinativas, inclusive espermatozoides, células intersticiais, células de sustentacdo (Hess
et al,, 2001) e no encéfalo, onde estrogenos derivados da aromatizagdo intracerebral
promovem o perfil masculino do desenvolvimento do sistema nervoso central (Register et
al., 1995).

Os estrogénios exercem seus efeitos principalmente ligando-se aos receptores
nucleares para estrogénios REa ¢ RE, ativando a transcri¢do dos genes alvos (Setchell et
al., 1984). Estes receptores foram localizados na cabeca e flagelo de espermatozdides
(Adeoya-Osiguwa et al., 2003), células germinativas, células intersticiais, células de
sustentacdo, no epitélio do epididimo e principalmente no epitélio dos ductos eferentes
(Couse et al., 2001). Uma série de investigacdes tem demonstrado severos distirbios do
comportamento sexual, significativa diminui¢do do numero de espermatozoides, baixa taxa
de motilidade, aumento de cabecas soltas e espermatozoides incapazes de fertilizagdo em
ratos REow Knockout. Por outro lado, ratos REB knockout ndo apresentaram nenhuma
aparente disfuncdo de fertilidade (Couse et al., 2001).

Como compostos estrogénicos, os FE também interagem com os receptores para
estrogénio, particularmente com os RE, exibindo efeitos agonistas ou antagonistas,

dependendo do tecido envolvido (Miksicek, 1993, Casanova et al., 1999, Whitten et al.,



2002, Lephart et al., 2002), todavia possuem uma a¢do mais fraca, de 1/500 a 1/1000 vezes
menores do que a do 17B-estradiol (Helmut e Greim, 2004). Nas concentragdes de 100 a
1000 vezes maiores do que a de 17B-estradiol, niveis provaveis no plasma de homens que
consomem fitoestrogenos regularmente, foi proposto que os fitoestrégenos competem
efetivamente com os estrogénios enddégenos e combinam-se com 0s receptores, prevenindo
crescimentos estrogeno-dependentes (Adlercreutz et al, 1992). Também reduzem a
exposicdo a estrogénios enddgenos por estimular a producdo da globulina ligadora de
hormonios sexuais (SHBG) pelo figado (Sharpe e Skakkebaek, 1993) e pela inibicdo da
enzima aromatase (Kao et al., 1998).

Como efeito anti-androgénico, a genisteina inibe a enzima 5a-redutase, responsavel
pela conversdo de testosterona em diidrotestosterona, que ¢ mais potente (Evans et al.,
1995) e a 3B-hidroxiesteroide dehidrogenase, enzima essencial para a sintese dos
hormonios adrenocorticais e os esterdides sexuais (Ohno et al., 2003).

Os efeitos dos fitoestrogenos em fémeas sdo mais evidentes, provavelmente devido
ao nimero maior de receptores para estrogénios (Kurzer e Xu, 1997). Por esta razdo, os
concentrados de isoflavonas integraram os receitudrios médicos ginecologistas para aliviar
sintomas da menopausa. Os potentes efeitos uterotropicos e gonadotropicos relatados por
diversos autores podem ser acessados nas revisdes de Whitten et al. (1993) e Kurzer e Xu
(1997).

Somente aspectos da reproducdo de machos foram focados neste trabalho, pois ¢é
onde pairam maiores incertezas e contradicdes. Em adi¢cdo, ha poucos ensaios explorando

os reflexos da exposi¢do a FE sobre a reprodugdo de machos (Kumi-Diaka et al., 1998,



Strauss et al., 1998, Mitchell et al., 2001, Faqi et al., 2004), principalmente de forma
cronica e em doses similares as terapéuticas; ou dentro de limites razoaveis, compativeis
com a ingestdo de soja. Este ¢ o primeiro estudo sobre os efeitos decorrentes da exposi¢cao
cronica a FE em coelhos. Assim, este trabalho teve como objetivo avaliar se a exposi¢do a
isoflavonas da soja por via direta ou indireta (gestacional e lactacional) pode comprometer

a saude reprodutiva de coelhos machos.



1.6. OBJETIVOS

1.6.1. OBJETIVO GERAL

Verificar a hipdtese de que o consumo perinatal ou cronico de isoflavonas pode

estar associado a efeitos deletérios nos aspectos reprodutivos de coelhos machos.

1.6.2. OBJETIVOS ESPECIFICOS

e Avaliar (ap0s exposi¢do perinatal e cronica) se o consumo de ragdo comercial a
base de proteina de soja, largamente utilizada na criagdo de animais, pode causar
prejuizos a fun¢do reprodutiva no que se refere a morfologia dos oOrgdos
reprodutivos, niveis séricos de testosterona, maturagdo e comportamento sexual,

bem como a qualidade do sémen de coelhos machos.

e Avaliar (apds exposicdo perinatal e cronica) o efeito de diferentes niveis de
isoflavonas da soja na forma de concentrados sobre os referidos aspectos

reprodutivos de coelhos machos.
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2.1

Efeitos da exposi¢io perinatal a isoflavonas sobre a saude reprodutiva de coelhos

machos

Resumo

O objetivo deste estudo foi avaliar se a exposigdo perinatal (gestacional e
lactacional) a isoflavonas em dieta contendo soja ou na forma de concentrado de
isoflavonas pode comprometer aspectos do desenvolvimento sexual de coelhos machos.
Para tanto, 12 matrizes da raca Nova Zelandia Branco foram submetidas a um dos seguintes
tratamentos: (1) dieta isenta de soja e alfafa (dieta controle), cuja fonte protéica derivou do
farelo de algoddo; (2) dieta contendo soja (S+); (3) dieta controle, suplementada com 10
mg/kg/dia de isoflavonas da soja (ISF 10) e, (4) dieta controle, suplementada com 20
mg/kg/dia de isoflavonas da soja (ISF 20). Parte da prole macho foi avaliada ao desmame,
que ocorreu entre os 29 e 31 dias, quanto ao peso corporal, nivel sérico de testosterona e
grau de desenvolvimento dos testiculos e epididimos. Os demais machos foram mantidos
na dieta controle e avaliados entre 15 e 27 semanas de idade, quanto ao comportamento
sexual, qualidade do sémen, peso corporal e dos O6rgdos sexuais e histopatologia dos
testiculos e epididimos. Nao foram observadas diferencas estatisticamente significativas no
consumo de dieta pelas matrizes. Os 6rgaos do aparelho reprodutor avaliados apresentaram

morfologia e peso compativeis com o do grupo controle, tanto na fase de desmama, quanto
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na puberdade. Os animais manifestaram comportamento sexual normal e caracteristicas do
sémen também compativeis estatisticamente com o observado no grupo controle. Pode-se
concluir, portanto, que o consumo de dieta contendo soja ou concentrados de isoflavonas
durante o periodo de gestacdo e lactagdo ndo compromete a gestacdo e o desenvolvimento

sexual de coelhos machos.

Palavras-chave: fitoestrogenos, soja, isoflavonas, reprodugao

Introducio

Um estudo realizado por Carlsen et al. (1992) refor¢ou a discussdo sobre a saude
reprodutiva masculina. Segundo o mesmo, houve uma queda de aproximadamente 50% do
numero de espermatozdides de homens nas ultimas 5 décadas. Apesar do contundente
questionamento acerca da metodologia aplicada nesta meta-analise (Handeslman, 2001),
outras investigacdes sustentam a hipdtese por apontarem resultados similares em algumas
regides do planeta (Lerchl, 1995, Adamapoulos et al., 1996, Irvine et al., 1996, Andersen et

al., 2000).

Tem-se relatado também maior incidéncia de outras desordens reprodutivas em
homens e numa variedade de vertebrados, como criptorquidismo, hipospadia e cancer
testicular (Sharpe e Skakkebaek, 1993, Carlsen et al., 1995, Boisen et al., 2001, Norgil

Damgaard et al., 2002, Joffe, 2003, Wisniewski et al., 2003, Edward et al., 2006). Em

13



humanos, o desenvolvimento reprodutivo anormal pode se manifestar como um conjunto de
sintomas, descritos coletivamente como sindrome da malformagdo testicular, descrita
também como a desmasculiniza¢do ou feminizagcdo do feno6tipo masculino (Boisen et al.,
2001, Edward et al., 2006). Considerando que a maioria dos individuos que nascem com
tais alteragdes ndo apresentam defeitos genéticos, esta sindrome pode ser resultado de
alteracdes embrioldgicas e do desenvolvimento gonadal durante a vida fetal, induzidas pela
exposi¢do perinatal a quimicos industriais e farmacéuticos, capazes de interferir no sistema
endocrino (Helmut e Greim, 2004). Todavia, tém-se alertado para uma possivel
participagdo dos fitoestrogenos nestes eventos, onde atuando em fases criticas do
desenvolvimento, poderiam constituir um fator primario ou secundério, neste ltimo caso,
como mediadores de efeitos aditivos aos efeitos de outros moduladores do sistema

enddcrino (Sharpe e Skakkebaek, 1993, Sharpe, 1993, Wisnieswski et al., 2003).

A hipétese de que os FE poderiam prejudicar o desenvolvimento normal do
aparelho reprodutor masculino estd fundamentada por trabalhos in vitro e in vivo que
demonstram sua capacidade de aturarem como estrogénios ou anti-estrogénios potentes,
quando em maiores concentracdes (revisado por Kurzer e Xu, 1997). Em adi¢ao, O Comité
Cientifico em Toxicologia, Ecotoxicologia e do Ambiente da Comissdo Européia analisou
as concentragdes de disruptores endocrinos naturais e contaminantes quimicos no plasma
humano, e, a partir destas mensuracdes, inferiu a poténcia de cada composto junto ao
receptor para estrogénio. Foi observado que a poténcia relativa dos toxicos detectaveis no
plasma humano, como o DDT (dichlorodiphenyltrichloroethane), o 4-nonylpherol e o

bisphenol ¢ aproximadamente 1 milhdo de vezes menor do que a do estradiol. Apenas a
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isoflavona genisteina apresentou uma poténcia que excedeu a do estradiol (Helmut e

Greim, 2004).

Apesar dos freqlientes questionamentos, hd poucos estudos acerca das
conseqiiéncias da exposi¢do perinatal a fitoestrogenos (Clapauch et al., 2002). Mais
escassos em humanos, os estudos apontam resultados contraditérios. Existem evidéncias
epidemiologicas e clinicas de que, atuando como estrogénios, os FE poderiam adiantar a
puberdade e o desenvolvimento de mamas nas meninas antes dos 7 ou 8 anos e promover
ginecomastia em meninos (revisado por Clapauch et al, 2002). Foi descrita maior
incidéncia de hipospadia em 7.928 meninos examinados, cujas maes seguiram uma dieta
vegetariana rica em FE durante a gravidez (North e Golding, 2000). Por outro lado, um
estudo retrospectivo com 811 individuos que consumiram leite de vaca ou leite de soja na
infancia, ndo apontou diferengas entre os grupos quanto a maturagdo sexual, historia
reprodutiva, crescimento e peso na fase adulta (Strom et al., 2001). Como em humanos,
estudos realizados com animais também ndo sdo decisivos para se aceitar ou refutar a
hipotese de que a exposicdo perinatal a estes compostos poderiam comprometer o

desenvolvimento do aparelho reprodutor masculino.

Com a finalidade de acrescentar ao conhecimento acerca seguranca da exposi¢cdo a
isoflavonas, este estudo teve como objetivo determinar se a exposi¢ao perinatal (gestacional
e lactacional) a isoflavonas em dieta contendo soja ou ao concentrado de isoflavonas (10 e

20 mg/Kg/dia) pode comprometer aspectos do desenvolvimento sexual de coelhos machos.

Materiais e métodos
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Animais e tratamentos

O protocolo experimental deste estudo foi aprovado pelo Comité de Etica no Uso de
Animais do Instituto de Ciéncias Biologicas da Universidade de Brasilia. Para avaliagdo
das conseqiiéncias da ingestdo de fitoestrogenos durante gestagdo e lactagdo sobre a prole,
foram utilizados 48 laparos machos, obtidos de 12 coelhas da raca Nova Zelandia Branco

entre 8 e 24 meses, sendo que todas foram cobertas pelo mesmo reprodutor.

As fémeas foram divididas aleatoriamente em 4 grupos e submetidas durante a
gestacdo e lactagdo a um dos seguintes tratamentos: (1) dieta isenta de soja e alfafa (dieta
controle), cuja fonte protéica derivou do farelo de algodao; (2) dieta contendo soja (18% da
matéria seca) (S+); (3) dieta controle, suplementada com 10 mg/kg/dia de isoflavonas da
soja (Isoflavonas da Soja, 40%, DEG importacdo de produtos Quimicos Ltda, Sdo Paulo,
SP) (ISF 10) e, (4) dieta controle, suplementada com 20 mg/kg/dia de isoflavonas da soja
(ISF 20). A fim de se avaliar a equivaléncia nutricional das dietas, ao longo do
experimento, amostras de racdo de cada lote foram coletadas, misturadas e analisadas no
laboratorio de Analises de Alimentos da UPIS. O consumo médio diario de racao foi obtido
pelo calculo da quantidade fornecida e das sobras. As isoflavonas foram introduzidas
diretamente na cavidade oral das coelhas. Para submeter as fémeas dos outros tratamentos a
situagdo similar, elas foram manipuladas de igual maneira e receberam amido de milho

(Maizena®) como placebo.

Entre 29 e 31 dias de idade, parte dos ladparos foi separada das maes. Destes, as

fémeas foram removidas do estudo e os machos, escolhidos aleatoriamente num total de 8
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por tratamento, foram analisados de acordo com o seguinte protocolo: pesagem apds jejum
de 12 h (por separagdo das maes), anestesia com Zoletil 50® (Virbac) intramuscular, coleta
de sangue e eutanasia por exsangiiinacdo, remog¢ao e pesagem em balanga de precisdo dos
testiculos e epididimos, coleta de testiculos e epididimos esquerdos para exame histologico

em microscopia de luz.

Quatro animais de cada grupo foram desmamados aos 35 dias de idade e
continuaram no experimento para avaliagdo de pardmetros reprodutivos na fase adulta;

porém, a partir da desmama, todos estes seguiram a mesma dieta do grupo controle.

Avaliagoes ao desmame

Avaliagdo dos orgados do aparelho reprodutor masculino e dosagem de testosterona

A andlise em microscopia de luz dos orgdos do aparelho reprodutor masculino
contemplou os testiculos e epididimos esquerdos. Para tanto, estes 6rgaos foram fixados em
solugdo de Bouin por um periodo de 06 horas, processados pelas técnicas de rotina,
inclusdo e corte em parafina e corados pela hematoxilina e eosina. Foram obtidos cortes
longitudinais do testiculo, cabega e cauda do epididimo. Para analise do grau de maturagdo
testicular, foi mensurado o didmetro dos tubulos seminiferos em 20 secgdes transversais de
tubulos, escolhidos ao acaso e apresentando contorno o mais circular possivel,
considerando sempre seu menor didmetro, segundo as técnicas descritas por Berndtson et

al. (1989). Para obteng¢do destas medidas foi utilizada a objetiva de 40X. O mesmo
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procedimento foi adotado para a avaliagdo do ducto epididimario, mas somente a
circunferéncia delimitada pela membrana basal foi considerada para a mensuracdo de seu

didmetro.

As amostras de sangue foram centrifugadas a 1600 g por 8 minutos e estocadas a -
20° C para posterior analise dos niveis de testosterona pela técnica de quimioluminescéncia

automatizada, segundo o protocolo do frabricante (equipamento ACS 180 Plus - Bayer).

Avaliagdo dos animais na puberdade

Evolugdo da espermatogénese e andlise do sémen

A partir das 15 semanas de idade comegaram as tentativas de monta e ejaculagdo,
que se estenderam semanalmente até as 21 semanas de idade. Para tanto, uma coelha era
introduzida na gaiola do macho e 14 mantida até a cobertura e coleta do sémen, caso
houvesse copula, ou até 3 minutos no caso de indiferenca sexual. Este procedimento
permitiu avaliar a evolugdo da espermatogénese ¢ a idade da manifestacdo da libido. O
sémen foi coletado por meio de vagina artificial conforme o método descrito na literatura

(Andrade et al., 2002).

Na 26* semana, os coelhos foram submetidos a uma coleta de sémen em 3 dias
alternados. Imediatamente apos cada coleta, o volume da fracdo liquida do sémen foi
medido em tubo graduado. Para a determinacdo da motilidade (0-100%) e do vigor da

motilidade (0-5), uma gota de sémen foi adicionada a uma gota de solucdo salina
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previamente aquecida sobre uma lamina histolégica em contato com a placa de
aquecimento elétrica a 37° C. A avaliacdo foi realizada em microscopio de luz (400X). A
contagem de espermatozodides foi realizada em cdmara hematimétrica de Neubauer (BmbH
+ Co., Brandstwiete 4, 2000 Hamburg 11, Germany), apds dilui¢do do ejaculado em
solugdo salina de formol a 4% na propor¢ao de 1:100. Foram realizadas duas contagens por

amostra em microscopio de luz (400X).

Comportamento sexual

O comportamento sexual foi avaliado por meio de parametros objetivos, que
incluiram a mensura¢do do tempo de reacdo (em segundos), do reflexo de monta (em dias)

e do intervalo entre duas ejaculagdes consecutivas na vagina artificial (em segundos).

O tempo de reagdo (periodo compreendido entre a introducao da fémea na gaiola e a
monta) foi obtido nas 3 coletas de sémen da 26 semana. O intervalo entre duas ejaculagdes
consecutivas na vagina artificial foi obtido na tltima das 3 coletas de sémen. A idade em
que os machos manifestaram o reflexo de monta foi avaliada nas tentativas de coleta de
sémen entre a 15* e 21* semanas de idade. Este parametro indica a idade em que o animal

manifesta libido através da monta, seguida de penetragdo e ejaculagao.

Andlise dos orgados e tecidos

Na 27" semana, os animais foram sacrificados por exsangiliinacdo apos anestesia

com tiopental (Thiopental®). O protocolo seguiu o referido quanto a avaliagdo ao desmame.
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Testiculos, epididimos, pré-prostata e prostata foram removidos, pesados e processados

para andlise em microscopia de luz quanto a integridade estrutural.

Analise estatistica

Os resultados dos parametros avaliados foram analisados usando ANOVA, e os
valores expressos como média + desvio padrdo. O grupo S+ foi comparado somente com o
grupo controle, uma vez que duas variaveis o difere dos demais tratamentos; o nivel e fonte
de isoflavonas. As analises foram realizadas no programa SAS System for Windows, SAS

Institute Inc., Cary, NC, USA.

Resultados

Analises do pool de amostras das ragdes coletadas ao longo do periodo de
tratamento indicaram que as mesmas apresentaram niveis equivalentes de matéria seca
(86,57% para dieta formulada com farelo de soja e 88,82% para dieta formulada com farelo
de algodao) e de proteina bruta (15,68% para a ragdo com farelo de soja e 15,16% para a

racdo com farelo de algodao).

Caracteristicas das matrizes quanto ao consumo de alimentos e desempenho reprodutivo
A dieta a base de proteina de soja ou a exposicdo a concentrados de isoflavonas

durante a gestacdo e lactacdo ndo interferiu em aspectos relacionados ao consumo de
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alimento pelas matrizes, bem como no periodo de gestagdo e tamanho das ninhadas (Tab.

).

Avaliagdo dos laparos machos

Orgdos reprodutores

Aos 30 dias de idade, j& foi possivel observar nos testiculos o esbogo tubular, com
contorno definido e distinto do intersticio adjacente, sem aparente diferenca entre os
tratamentos (Fig. 1). O lumen tubular ndo foi contemplado em nenhum dos tratamentos
nesta fase. Ja o ducto epididimdrio apresentava nesta fase limen em todas as seccdes e
epitélio cubico simples, sem evidéncias de pseudoestratificacdo. O estagio de
desenvolvimento destes 6rgdos obedeceu ao fator etdrio, ndo havendo nenhuma aparente
influéncia dos tratamentos em questdo, tanto em relagdo ao desenvolvimento, quanto em
relacdo a auséncia de alteragdes histopatologicas. As mensuragdes obtidas nestes Orgaos,
assim como os niveis séricos de testosterona ndo apontaram nenhuma diferenga

significativa entre os tratamentos (Tab. 2).

Avaliagdo dos animais na fase adulta

Quatro animais de cada tratamento foram mantidos a partir dos 35 dias de idade na
dieta controle para avaliagdo posterior. Destes, um animal do grupo ISF 10 faleceu por
pleuropneumonia, devido a provavel lesdo numa ponta da grade da gaiola; ndo havendo,

portanto, relagdo com o tratamento.
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O reflexo de monta, como indicativo do inicio da manifestacdo do interesse sexual
se deu em idade compativel com o descrito na literatura para esta raca, ndo havendo
diferencas entre os tratamentos (Tab. 3). Na 26* semana, foram realizadas 3 coletas de
sémen de cada animal em dias alternados. Os resultados da avaliagdo destas amostras, bem
como do comportamento sexual durante as coletas ndo refletiu comprometimento destes
aspectos entre os grupos estudados (Tab. 3).

A andlise dos tecidos em microscopia de luz ndo revelou alteracdes histopatologicas
nos 6rgaos do aparelho genital masculino. Conforme pode ser observado na figura 2 para

pré-prostata.

Discussao

Isoflavonas estdo presentes na alimenta¢do animal e humana, cuja fonte protéica
encerra soja (Thigpen et al, 1999). A transferéncia de ISF pela placenta e pela
amamenta¢do sdo duas vias comprovadas de exposi¢do de homens e animais a estes agentes
(Franke e Custer, 1996, Franke et al., 1998, King et al., 1998, Doerge et al., 2001, Norgil
Damgaard et al., 2002). A propor¢do de isoflavonas absorvida da alimentagdo e a que ¢
transferida pela placenta ainda ndo foram descritas em coelhos. Em humanos, a excre¢do
fecal de isoflavonas ¢ de apenas 1 a 2 % da quantidade ingerida, o que indica que a
absor¢do ¢ quase completa (Xu et al., 1994). Niveis plasmaticos de isoflavonas em ratos
neonatos, cujas maes foram alimentadas com ra¢do contendo soja, podem chegar a 25% da

concentragdo plasmatica materna (Brown e Setchell, 2001). Os niveis de genisteina no
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cérebro fetal sdo equivalentes aos encontrados no cérebro materno de ratas apos receberem

este composto (Doerge et al., 2001).

A avaliacdo dos laparos na desmama, como proposto neste estudo ¢ justificado pelo
fato de que alguns efeitos decorrentes da exposicdo a fitoestrogenos sdo transitorios,
podendo ser evidenciados nas fases iniciais do desenvolvimento e desaparecer com o
aumento da idade (Roberts et al., 2000, Wisniewski et al., 2003). Os resultados deste estudo
conduzido em coelhos sustentam as evidéncias constatadas em estudos desenvolvidos em
roedores. Fielden et al. (2003) ndo observaram nenhum efeito deletério nos aspectos
reprodutivos de machos expostos a genisteina (doses entre 0,1 e 10 mg/Kg/dia) durante a
gestacdo e lactagcdo, similar ao observado por Casanova et al. (1999) em ratos Sprague-
Dawley aos 21 dias de idade, tendo as reprodutoras consumido dieta contendo soja ou
genisteina (0,02 e 0,1% da dieta). De forma similar, ha uma aparente auséncia de efeitos
clinicos como feminizagdo em criangas expostas a altas doses de fitoestrogenos por

consumirem féormulas a base de soja (Essex, 1996).

Teoricamente, fetos e neonatos sdo mais susceptiveis aos efeitos dos fitoestrogenos
(Sharpe e Skakkebaek, 1993, Makela et al., 1995, Irvine et al., 1998), e ¢ justamente na fase
fetal que deve ocorrer uma maior exposicdo a estes compostos, devido ao acamulo pré-
natal de isoflavonas transferidas pela placenta durante a gestacao (Brown e Setchell, 2001).
Entretanto, constatacdes deste estudo em coelhos e dos estudos descritos acima em ratos
ndo sustentam esta teoria. Segundo Essex (1996), isto pode ser justificado pelo fato de que
o eixo hipotaldmico-hipofisario-gonadal ¢ mais ativo em jovens do que em adultos, e,

portanto, mais refratrio a efeitos externos.
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Uma série de investigacdes tem demonstrado severos disturbios do comportamento
sexual, significativa diminuicdo do nimero de espermatozdides, baixa taxa de motilidade,
aumento de cabecas soltas e espermatozoides incapazes de fertilizagdo em ratos REq
Knockout. Por outro lado, ratos REP knockout ndo apresentaram nenhuma aparente
disfun¢do de fertilidade (Couse et al., 2001). Como os fitoestrogenos t€ém maior afinidade
pelos receptores 3, este fato também pode estar envolvido com a aparente auséncia de

efeitos agonista em coelhos.

Pode se concluir, portanto, que o consumo de concentrados de isoflavonas (em
niveis até 20 vezes superiores aos prescritos para alivio dos sintomas da menopausa), ou
dieta contendo soja durante o periodo de gestacdo e lactacdo ndo compromete a gestacdo, o
tamanho da ninhada e o consumo de dieta pelas matrizes. Da mesma forma, o
desenvolvimento sexual da prole macho, exposta indiretamente a estes compostos por via
placentaria e pela amamentacdo ndo foi comprometida, como constatado pela auséncia de
alteracdes que remetem a sindrome da malformacdo testicular; pelo desenvolvimento

normal dos 6rgdos genitais; pelas caracteristicas do sémen e pelo comportamento sexual.
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Tabela 1. Caracteristicas das matrizes submetidas a tratamento com isoflavonas e ao

consumo de racdo a base de proteina de soja te a gestacdo e lactacao.

Caracteristica Controle ISF 10 ISF 20 S+

Consumo de ragdo durante a 147,0 (6,0) 145,4 (9,2) 142,6 (3,0) 151,2 (9,4)

gestagdo' (g/dia)

Consumo de ragdo durante a 197,0 (9,0) 200,5 (10,0) 195 (10,0) 205,0 (7,5)
lactagio® (g/dia)
Gestagéo (dias) 31,0 (0,8) 31,2 (0,9) 30,8 (0,7) 31,0 (0,8)
Ninhada 6,2 (2,0) 5,75 (0,9) 5,8(1,3) 6,5 (0,8)

Resultados apresentados como média e desvio padrdo. Diferencas ndo foram significativas.
(P > 0,05). ' — Média de consumo na 2* quinzena de gestagdo, > — Média de todo o periodo
de lactagdo. ISF 10: receberam 10 mg/Kg/dia de isoflavonas, ISF 20: receberam 20

mg/Kg/dia de isoflavonas, S+: alimentados com ragdo a base de farelo de soja.
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Tabela 2. Peso relativo dos testiculos e epididimos, didmetro de tibulos seminiferos e ducto

epididimario e niveis de testosterona de laparos machos entre 29 e 31 dias de idade

expostos a isoflavonas no periodo perinatal.

Caracteristica Controle ISF 10 ISF 20 S+
Peso corporal (PC) 592,5 (56) 596,0 (22) 594,6 (26) 608,5 (35)
Testiculos/PC (mg/g) 0,115 (0,0) 0,116 (0,0) 0,114 (0,0) 0,114 (0,0)
Epididimos/PC (mg/g) 0,77 (0,0) 0,76 (0,0) 0,78 (0,0) 0,76 (0,0)
Tub. seminiferos (um) 59,7(1,8) 58,3 (2,0) 59,0 (1,5) 61,4 (2,4)
Ducto epididimo (um) 65,8 (2,7) 65,5 (1,5) 63,7 (1,5) 66,3 (1,9)
Testosterona (ng/dl) 67,64 (4,0) 65,8 (8,9) 62,6 (7,0) 64,1 (8,5)

Resultados apresentados como média e desvio padrdo. Diferengas ndo foram significativas

(P > 0,05). ISF 10: receberam 10 mg/Kg/dia de isoflavonas, ISF 20: receberam 20

mg/Kg/dia de isoflavonas, S+: alimentados com racdo a base de farelo de soja. PC — peso

corporal.
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Tabela 3. Caracteristicas do s€émen, comportamento sexual, peso corporal e dos 6rgaos

reprodutivos de coelhos adultos expostos a isoflavonas no periodo perinatal.

Caracteristica Controle ISF 10 ISF 20 S+
Volume (ml) 0,53 (0,0) 0,54 (0,0) 0,52 (0,0) 0,52 (0,0)
Concentragio (x10%/ml) 242,75 (22) 250,6 (26) 2482 (12) 246,2 (26)
Total de sptz/ejaculado 128,6 (11) 134,26 (10) 129,5 (3) 130,0 (15)
Motilidade (%) 76,2 (2,6) 77,3 (4,5) 76,7 (4,0) 79,5 (1,3)
Vigor (0-5) 3,5(0,1) 3,5(0,2) 3,4(0,1) 3,3(0,2)
Reflexo de monta (dias) 118,7 (3,5) 120 (0,0) 116,5 (4,0) 116,5 (4,0)
Tempo de reagio (seg.) 4,3(0,2) 4,6 (0,2) 4,3(0,2) 4,5(0,3)
Intervalo montas (seg.) 111,7 (15) 119,0 (21) 114,7 (19) 106,0 (16)
Peso corporal (PC) (g) 3595 (104) 3566 (117) 3592 (135) 3547 (75)
Consumo de alimento' (g) 112,7 (5,4) 111,3(7,1) 112,7 (5,9) 108,2 (4,6)
Testiculos/PC (mg/g) 1,55 (0,0) 1,54 (0,0) 1,54 (0,0) 1,53 (0,0)
Epididimos /PC (mg/g) 0,64 (0,0) 0,61 (0,0) 0,64 (0,0) 0,63 (0,0)
Prostata/PC (mg/g) 0,193 (0,0) 0,194 (0,0) 0,194 (0,0) 0,191 (0,0)
Pré-prostata/PC (mg/g) 0,191 (0,0) 0,190 (0,0) 0,193 (0,0) 0,189 (0,0)

Resultados apresentados como média e desvio padrio. ' Consumo obtido pela media diaria
durante a 25% e 26 semana de idade. ISF 10: receberam 10 mg/Kg/dia de isoflavonas, ISF
20: receberam 20 mg/Kg/dia de isoflavonas, S+: alimentados com ragdo a base de farelo de

soja. Diferencas ndo foram significativas ao nivel de 5%.
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Legendas das figuras.

Figura 1. Testiculos de coelhos aos 30 dias de idade. Tratamentos: a) Controle, b) ISF 10
(10 mg/kg/dia de isoflavonas da soja), ¢) ISF 20 (20 mg/kg/dia de isoflavonas da soja), d)

S+ (tratados com ragdo a base de soja). H.E., 200X.

Figura 2. Pré-prostata de coelhos com 27 semanas de idade. Tratamentos: a) Controle, b)
ISF 10 (10 mg/kg/dia de isoflavonas da soja), ¢) ISF 20 (20 mg/kg/dia de isoflavonas da

soja), d) S+ (tratados com ragdo a base de soja). H.E., 200X.
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Abstract

Soy and derivative diets deliver large doses of isoflavones to human and animals throughout their lifes-
pan, including gestation. Epidemiologic and experimental data suggest that the consumption of soybean
containing foods may protect against cardiovascular disease and decrease breast, prostate and endometrial
cancer risk. Based on animal and in vitro studies, however, concerns have been raised that consumption
of isoflavones may cause potential adverse effects on the reproductive tract and behavior. The aim of this
study was to investigate the effects of chronic consumption of a soy meal containing diet or soy isoflavones
supplement on the morphology of reproductive organs, semen quality, age that males reached puberty, and
sexual behavior of male rabbits. With this purpose, 16 female rabbits were randomly assigned to receive:
(1) a soy- and alfafa-free diet; (2) a soy- and alfafa-free diet supplemented with 5 mg/kg body wt./day of soy
isoflavones; (3) a soy- and alfafa-free diet supplemented with 20 mg/kg body wt./day of soy isoflavones; (4) a
diet containing 18% of soy meal, throughout the gestation and lactation. After weaning, male offspring
received the same diet, which was given to the respective mother. The age that males reached puberty, semen
characteristics and sexual behavior were evaluated in these animals. At 33 weeks of age, the reproductive
organs were submitted to histological evaluation. Rabbits, which received large amounts of isoflavones
(20 mg/kg body wt./day) had a lesser food intake, body weight and semen volume. Spermatogenesis, mor-
phology of male genital organs and sexual behavior did not differ significantly from the control group. We
conclude that chronic dietary treatment with soy based diet or soy isoflavones have no adverse effects on the
observed reproductive patterns of male rabbits.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Phytoestrogens (PE) are estrogenic compounds found in plants (Kurzer and Xu, 1997). They
can be divided into three main classes: isoflavones (derived principally from soybeans and clover),
coumestans (derived from sprouting plants, like alfafa) and lignans (found in flaxseed). In the
isoflavone group, genistein and daidzein are thought to exert the most potent estrogenic hormone
activity, and thus, most of the research efforts have been directed toward these molecules (Lephart
et al., 2002).

Soy meal is a protein source commonly used and is commercially available for labora-
tory and farm animal diets, therefore, animals ingesting these diets are continually exposed
to these hormonally active compounds (Lephart et al., 2002). Serum isoflavone concentrations
exceeding the endogenous estrogen concentrations by 30,000-60,000-fold were observed in
rodents fed commercial rodent diets (Brown and Setchell, 2001). The newborn rat pups showed
about 25% of maternal isoflavone concentrations that were maintained throughout the suckling
period.

Diets of other animal species contain large amounts of PE such as those detected in commercial
chow of cats (Setchell et al., 1987; Court and Freeman, 2002), dogs (Cerundolo et al., 2004) and
rodents (Thigpen et al., 1999; Brown and Setchell, 2001; Degen et al., 2002) with the protein
source being soy meal. These findings indicate that all investigators should be vigilant to the PE
composition of laboratory animal diets because these agents might have a direct effect on the
outcome of bioassays designed to detect developmental toxicity or carcinogenicity (Casanova et
al., 1999; Thigpen et al., 1999; Brown and Setchell, 2001).

There are few reports in literature regarding the effects of plant estrogens on reproductive health in
males (Strauss et al., 1998; Mitchell et al., 2001; Faqi et al., 2004), especially in breeding or
livestock animals. This is the first study to examine the effects of chronic dietary treatment with
soy isoflavones on the reproductive tract of male rabbits.

The aim of the present study was to investigate the effects of the chronic dietary treatment with
soy containing components or soy isoflavone supplements on: (1) morphology of the reproductive
organs; (2) semen quality; (3) age of puberty; (4) sexual behavior of male rabbits.

2. Materials and methods
2.1. Animals

Prior to study initiation, the experimental protocol was reviewed and approved by the University
of Brasilia Institute of Biological Sciences Ethical Committee to Animal Use. One male New
Zealand and 16 female rabbits between 8 and 10 months of age were housed individually in steel
cages equipped with automatic watering systems. Animals were kept on natural photoperiod and
environmental temperature.

2.2. Treatments

Does were randomly divided into four equal groups of four rabbits each. Each group was
subjected to one of the following treatments: (1) soy and alfafa free diet (S—); (2) soy and alfafa
free diet supplemented with 5 mg/kg body wt./day of soy isoflavones (ISF 05); (3) soy and alfafa
free diet supplemented with 20 mg/kg body wt./day of soy isoflavones (ISF 20) (Soy Isoflavones,
40%, DEG Importagao de Produtos Quimicos Ltda, Sao Paulo, SP); and (4) diet containing 18%
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of soy meal (S+). Based on data from compendiums of isoflavone content in soybean-based foods
(Reinli and Block, 1996), this diet provided about 13 mg/kg body wt./day of isoflavones.

The animals of other groups received similar portions of corn starch as placebo. The proper
dose of isoflavones as well as placebo was inserted directly into the oral cavity after rabbit
immobilization. The four groups received water and food ad libitum.

The diets (Nutrimais Ragdes®, Uberlandia, MG) contained similar nutritional amounts of other
nutrients, but the protein source used in S— and ISF treatments was cottonseed meal. The diet
used in the treatment 4 (S+) is a commercially available diet, similar to other diets commonly
employed in rabbit feeding. The bromatological analyses to verify the nutritional values of the
diets were assayed by Food Analysis Laboratory of UPIS (Brasilia, Brazil).

The dams were mated with the same buck. At the 5th week of post birth, male offspring were
numbered and surplus pups were randomly excluded from the study. The other 10 pups of each
treatment received the same treatments from weaning (5 weeks) to 33 weeks of age. These animals
were thus subjected to gestational, lactational, and post-lactational diets containing the various
amounts of soy isoflavones.

Throughout the dietary treatment period, all animals were monitored daily for health status.
Body weights and food consumption were measured weekly throughout the experimental period.

2.3. Ejaculates collection and evaluation

The artificial vagina (AV) for semen collection was built of polyvinyl chlorete conduit (45 mm
length, 15 mm diameter and 2 mm thickness), rubber condom for human semen collection (Micro-
tex, INAL, Jaboticabal, SP, Brazil), two rubber bands, and a graduated collector tube. For the AV
mounting, the blind sack of the condom was removed; its edges were folded over the borders of
the rigid tube and attached by means of the rubber bands. Before the attachment of the second
edge, the space between the rigid (external) and flexible (internal) tubes was filled with warm
water (60 °C). The AV was always used just when inner temperature fell between 45 and 50 °C
(Andrade et al., 2002). The collection tube was attached onto one of the edges, and the free edge
was positioned to penis intromission. Before semen collection, bucks were allowed one false
mount and at the subsequent mounting, the AV was adequately positioned for penis intromission.
Bucks adapted easily to this routine and no refusals occurred.

From 100 to 170 days of age, semen samples were collected once a week to evaluate sexual
maturation. After this initial period, the animals were collected every other day for 5 weeks, a
total of 17 collections. The first seven samples were used to stabilize sperm output and were not
included in the analysis, so the daily sperm output was quantified using the last 10 ejaculates.

After removing and weighing the gel mass, ejaculate volume was recorded in a graduated tube
attached to the artificial vagina. Immediately after ejaculation, a semen and a saline drop was mixed
onaheated (37 °C) slide under a cover slip for sperm motility (0—100%) and vigor (0-5) evaluation
(light microscope, 400%). For determination of sperm concentration, ejaculates were diluted
1:100 in a 4% formol/0.9% saline solution and counted twice in Neubauer haemocytometer slide
(GmbH + Co., Brandstwiete 4, 2000 Hamburg 11, Germany) using a light microscope (400%). The
sperm morphology was examined on slides stained with Congo red and Gentian violet solutions.

2.4. Age that males reached puberty
The age at puberty was considered when semen characteristics reached concurrently the fol-

lowing values: sperm concentration over 75 % 10° sperm/ml, overall motility over 50% and vigor
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of motile sperm over 2.5. These values were established for the present study. The ages (in days),
which males showed ejaculates within these values were used for data analysis.

2.5. Sexual behavior

For sexual behavior analysis, measurements for time of reaction (latency to begin mounting);
the interval between two consecutive ejaculations into the artificial vagina; and the mounting
reflex were taken.

The mounting reflex as indicative of manifestation of sexual interest was considered when
rabbits were capable of mounting and completing copulation, even if mature semen characteristics
were not present. The ages (in days), which males exhibited the mounting reflex were used for
data analysis.

The time of reaction was recorded from the time of subjecting a doe to the buck and mounting;
it was measured in seconds using a stopwatch. The interval between two consecutive ejaculations
into the artificial vagina was also measured (in seconds) after the analysis period was concluded.
Values significantly greater or lesser than those from the control group indicate decreased or
increased libido, respectively.

2.6. Tissue collection and evaluation

At 230 (%3) days of age, males were killed via jugular exsanguination, after barbiturate anes-
thesia. Testes, epididymides, proprostate and prostate glands were dissected and weighed. For
histopathological evaluation, organ fragments were fixed in Bouin’s solution followed by dehy-
dratation in 50% and 70% ethanol. After fixation, the tissue fragments were embedded in paraffin,
sectioned at 5 M in size and stained with hematoxylin and eosin. The sections were carefully
examined for the presence of abnormalities.

2.7. Statistical methods

Comparisons between S+ and S— (control) groups were performed using analysis of variance
(ANOVA), as all data had normal distribution. Comparisons among ISF 05, ISF20 and S— (control)
groups were made using ANOVA (also data had normal distribution); when statistically significant
(P<0.05) intergroup differences were identified by ANOVA, post hoc analysis were assessed
using a means test (Tukey’s test). Values were expressed as mean = S.E.M. Statistical analyses
were carried out using the Statistical Analysis System Software (version 8.2; 1999).

3. Results
3.1. Health and growth evaluations

Chronic dietary treatment with soy based diet or soy isoflavones in rabbits induced no mortality
or evidence of gross toxicity that was identifiable by clinical or physical observations.

3.2. Effects of chronic dietary treatment with soy-based diet or isoflavone supplements

3.2.1. Age that males reached puberty
The sexual maturation of the bucks occurred at ages compatible with breed standards
and regional bioclimatological conditions, however, data indicated that soy meal-dietary treat-
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Table 1
Effects of soy meal containing diet (S+) or soy isoflavones supplement (05 and 20 mg/kg BW/day) on semen characteristics
of rabbits

Variable S— (Control) ISF 05 ISF 20 S+

Volume (ml) 054 +£00a 0.48 £ 0.0 ab 044 £ 00D 0.50 = 0.0 ns
Motility (%) 77.5*13a 80.8 £ 09a 769 £ 1.7a 773 = 1.0 ns
Vigor (0-5) 31%0.1b 31%0.1b 34£00a 3.1 £ 0.0 ns
Abnormal sperm (%) 253 x12a 233 %+ 1.0ab 212+ 12b 233 x 1.6 ns
Sperm concentration (%< 106/ml) 197.1 £ 1120 2083 = 52ab 2378 x96a 227.5 %+ 15.0 ns
Daily sperm output DSO (*106) 1047 x50a 999+ 16a 104.6 £5.0a 113.7 £ 73 ns

Values are given as mean & S.E.M. of 10 ejaculates, n = 10/group. Rows with different letters differ significantly (P <0.05;
Tukey’s test). ns, Differences were not significant from S— (P > 0.05; ANOVA). Statistically significant difference from
S— value (P<0.05; ANOVA).

ment of rabbits resulted in more precocious males as compared with the control (S—) group
(1452%2.1 S—; 131.6%2.0 days of age S+; P<0.05). There were no significant differ-
ences among ISF 05 (138.5%1.7), ISF 20 (139.7%1.3) and S— (145.2+2.1 days of age)
groups.

3.2.2. Semen quality

To reduce the influence of other variables, results of the semen characteristics among the
treatments were based on data obtained from the evaluation of 400 semen samples. The values are
summarized in Table 1. Rabbits in the ISF 20 group had smaller semen volume than rabbits in the
S— (control) group (P <0.01). Ejaculate semen volume of the animals in the (S+) or ISF 5 groups
did not differ significantly from that of animals in the S— group. Although sperm concentration
was found to be greater in the ISF 20 than in the S— group, daily sperm output (DSO) did not
statistically differ from the S— group (Fig. 1, Table 1). The percentage of motile sperm did not
differ significantly from S—, but sperm vigor was improved in rabbits with isoflavone treatment
at 20 mg/kg body wt./day (P <0.01). The percentage of abnormal sperm was less in the semen
samples of the ISF 20 group (P<0.05).

140 +
120
100

—
e===|SF 05

= |SF 20
—_+

Total sperm output (millions)
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Age (days)

Fig. 1. Sperm production in rabbits fed soy meal containing diet (S+), supplemented with soy-derived isoflavones (05
and 20 mg/kg BW/day), and control (S—).

41



242 J.R. Cardoso, S.N. Bao / Animal Reproduction Science 97 (2007) 237-245

Table 2
Food intake, body and reproductive organs weight of rabbits fed soy meal containing diet (S+), or supplemented with soy
isoflavones (5 and 20 mg/kg BW/day)

Variable S— (Control) ISF 05 ISF 20 S+

Body weight BW (g) 3754.4 = 56.73 a 3578.0 = 54.00 a 3340 £39.21b 3912.5 £ 52.80"
Food intake? (g) 112.1 £250a 109.0 = 1.70 a 99.0 £ 1.8b 119.2 += 2.00*
Testes/BW (mg/g) 1.53 £0.02a 1.55 0.0l a 1.57 £ 0.04 a 1.50 = 0.01 ns
Epididymides/BW (mg/g) 0.61 £ 0.0l a 0.63 = 0.00 a 0.63 + 0.0l a 0.57 = 0.01 ns
Prostate/BW (mg/g) 0.205 = 0.00 a 0.197 = 0.00 a 0.193 £ 0.0l a 0.195 % 0.00 ns
Proprostate/BW (mg/g) 0.198 %+ 0.00 a 0.192 %+ 0.00 a 0.193 £ 0.00 a 0.205 % 0.00 ns

Values are given as mean & S.E.M. of 10 ejaculates, n = 10/group. Rows with different letters differ significantly (P <0.05;
Tukey’s test). ns, Differences were not significant from S— (P> 0.05).

a Average values from 29 to 33 weeks of age.

* Statistically significant difference from S— (P<0.05).

3.2.3. Reproductive organ weight and morphology

At 230 (%3) days of age, rabbits were killed as previously described and the reproductive
organs were dissected and weighed. Rabbits with diets supplemented with isoflavones at the
dose of 20 mg/kg body wt./day had a lesser body weight than those from ISF 05 and S— groups
(P<0.01). The lesser body weight of the rabbits in the ISF 20 group was associated with lesser
food intake (P < 0.05). Repeated analyzes of variance of food consumption and body weight values
showed that these variables differed significantly from the control group from 13 and 17 weeks of
age, respectively (data not shown). Differences in relative organs weight from the control group
were not significant (Table 2).

Histopathologic evaluation of the seminiferous tubules and intersticium of the testis did not
identify any pattern of morphologic alterations that could be associated with the soy meal based
or isoflavone diets (Fig. 2). The dynamics of the seminiferous epithelial cycle were clearly evident
in all testes of this study, corroborating the in vivo findings. No evidence of pathological changes
was observed in the epididymal duct of the caput, corpus, and cauda epididymides among the
treatments. The efferent ductules as well as the initial segment of the deferent duct were not
affected by the treatments. The epithelium of the pro-prostate and prostate acini was carefully
examined for metaplastic changes because such alterations are often reported in estrogen-treated
animals. However, long-term treatment with soy isoflavones or soy meal based diets failed to
induce any pathological changes in the evaluated rabbit sex accessory glands.

3.3. Sexual behavior

Analysis of variance did not reveal differences either in the age that males exhibited the
mounting reflex or in the time of reaction in relation to males in the control group. The interval
between two consecutive ejaculations into the artificial vagina was less (P < 0.01) in ISF 20 group,
than ISF 05 and S— groups, but there was no difference between S+ and S— groups (Table 3). The
data from the present study indicate that treatment with isoflavones did not adversely influence
sexual behavior of the males.

4. Discussion
Despite reports about the potential effects of the PE verified in in vitro studies, in vivo assays

have failed to induce major effects on the male reproductive tract. In this context, epididymal
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Fig. 2. Testis of rabbits fed soy meal containing diet (a), supplemented with 5 mg/Kg/BW/day with soy isoflavones (b),
supplemented with 20 mg/kg/BW/day with soy isoflavones (c), and control (d). HE 100%.

and testicular sperm counts were not altered in rats administered genistein orally at doses of
12.5-100 mg/kg on postnatal days 1-5 (Nagao et al., 2001), 10-1000 g/day (Shibayama et al.,
2001) or 100 g/day of coumestrol (Awoniyi et al., 1997). This was also true in rats chronically
administered genistein at a dose of 50 g/day (Roberts et al., 2000), 0.1-10 mg/kg/day through
pregnancy and lactation (Fielden et al., 2003), 200 and 2000 mg of genistein per kg of diet for
12 months (Faqi et al., 2004) or 2.5 mg/kg/day for 5 months (Lee et al., 2004). No influence
was detected on semen quality in healthy men after supplementation daily for 2 months with soy
protein containing 40 mg of isoflavones (Mitchell et al., 2001). Interestingly, in rabbits, genistein
caused the increase in sperm motility and concentration and alleviated the negative effects of
cypermethrin on semen variables (Yousef et al., 2003). In agreement with these findings, no

Table 3
Effects of soy meal containing diet (S+) or soy isoflavones supplement (05 and 20 mg/kg BW/day) on the age that rabbits
expressed mounting reflex, time of reaction, and interval between two consecutive ejaculations into the artificial vagina

()]

Variable S— (control) ISF 05 ISF 20 S+

Mounting reflex (days) 123.0 £ 2.0a 1193 £ 28a 1245 x35a 118.0 = 2.6 ns
Time of reaction (s) 37+02a 40%+03a 39+02a 3.6 = 0.3 ns
t(s) 97.0 x24a 926 £ 18a 79.0 £ 19b 106.0 * 4.0 ns

Values are given as mean = S.E.M., n=10/group. Rows with different letters differ significantly (P <0.05; Tukey’s test).
ns, Differences were not significant from S— (P> 0.05; ANOVA).
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negative effects on male fertility were observed in the rabbits of this investigation after soy meal or
soy isoflavone treatments. However, isoflavone-containing diets significantly decreased semen
volume when treatments were in greater amounts (20 mg/kg body wt./day) than those consumed by
the dietary way. This fact resulted in an increase in sperm concentration, but sperm output (sperm
concentration X semen volume) did not differ from the control. Therefore, exocrine testicular
function seems to be normal.

Results of the present study demonstrated that testes weight and morphology are not influenced
by chronic treatment with a soy meal or isoflavone supplemented diet. In addition, PE treatment
did not induce alterations in testes weight of rats (Casanova et al., 1999; Roberts et al., 2000;
Shibayama et al., 2001; Fielden et al., 2003; Ohno et al., 2003; Faqi et al., 2004; Lee et al., 2004),
rabbits (Yousef et al., 2003) and men (Mitchell et al., 2001).

Smaller body weight in isoflavone-treated rabbits was also reported in rats (Lephart et al., 2001;
Nagao et al., 2001), although investigators did not correlate this with food intake. The association
with food intake observed in rabbits in the present study was also reported in Sprague—Dawley
rats fed diets containing genistein (Casanova et al., 1999), suggesting a possible anorectic effect
of PE on the central nervous system, similar to that of endogenous estrogens (Bonavera et al.,
1994). This effect, however, seems to be associated with chronic treatment with to large amounts
of soy isoflavones because dams did not have significant differences in food intake throughout the
gestation and lactation periods (total of 9 weeks); and pups showed decreased food consumption
just after 13 weeks of postnatal treatment (data no shown). Because there was no statistically
significant difference between dietary controls and soy containing diet groups in body weight
gain, there are no apparent detrimental impacts on animal health or well being.

In conclusion, soy meal as main source of protein in the diet of rabbits does not induce
deleterious effects on sexual behavior or semen production. Considering this, soy meal can be used
for feeding breeding rabbits. Also, normal dietary treatments with soy isoflavones did not cause
toxic effects on the evaluated variables of males. However, these results cannot be extrapolated
to females, which are admittedly more sensitive to the effect of environmental estrogens.
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EFFECTS OF CHRONIC TREATMENT WITH SOY DERIVED ISOFLAVONES ON

REPRODUCTIVE HEALTH OF MALE RABBITS

EFEITOS DO TRATAMENTO CRONICO COM ISOFLAVONAS DA SOJA NA

SAUDE REPRODUTIVA DE COELHOS MACHOS

ABSTRACT: The aim of this study was to investigate the effects of chronic
exposure to soy isoflavones concentrate on the morphology of reproductive organs, semen
quality, puberty age, serum levels of testosterone and sexual behavior of male rabbits. With
this purpose, female rabbits were randomly assigned to receive orally 2.5mg (ISF 2.5) or
10mg (ISF 10) of soy isoflavones/kg of body wt/day. The animals of control group were
manipulated as the other groups and received placebo (corn starch). All the rabbits were
maintained on a soy-and alfafa-free diet throughout the gestation and lactation. Their male
offspring received the same treatments from weaning to 33 weeks of age. Chronic exposure
to isoflavones did not induce statistically significant alteration in the age at puberty, semen
volume, daily sperm output, sperm concentration, motility, vigor and abnormalities. Also,
isoflavones exposure had no effects on serum testosterone levels or sexual behavior in any
group. Histopathologic evaluation did not reveal alterations in the testis, epididymis,
prostate and pro-prostate glands of the rabbits. Taken together, these results show that
gestational, lactational and post-lactational exposure to soy isoflavones, in doses
comparable to those found in soy-containing animal and human diets, has no adverse

effects on the reproductive parameters of male rabbits.
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INTRODUCTION

Isoflavones (ISF) are a class of phytoestrogens (PE) found principally in soybeans
and soy-protein foods. The estrogenic activity of these compounds was first described in
1946, in a syndrome known as clover disease in sheep (KURZER and XU, 1997). After
grazing on pastures of subterranean red clover, Australian ewes suffered from a severe
reproductive disorder that resulted in permanent infertility. Since then, several
investigations have been performed to elucidate the biological action of PE in human and
animal tissues.

It has long been known that PE exert estrogenic effects on the central nervous system,
induce estrus, and stimulate growth of the genital tract of female animals (THIGPEN et al.,
1999), but little is known about the effects of developmental and life-time exposure to PE
in males, which have lower number of estrogen receptors (KURZER and XU, 1997). Male
genital abnormalities have been noticed in men and in a variety of animal species following
prenatal, neonatal or post pubertal exposure to estrogens, as evidenced in populational and
experimental studies (STILLMAN, 1982; ARAI et al., 1983). Considering that the potency
of the PE such as genistein or daidzein, can even exceed that of estradiol, especially in
infants who are fed soy-based formula as a sole source of nutrition (GREIM, 2004), the

safety of these agents must be better investigated.
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Recent studies show that chronic or transient PE exposure appears to be innocuous
for testicular or epididimal sperm counts of rats (AWONIYT et al., 1997; ROBERTS et al,,
2000; NAGAO et al., 2001; SHIBAYAMA et al., 2001; FIELDEN et al., 2003; FAQI et al.,
2004; JUNG et al., 2004; LEE, KANG and JUNG, 2004). Although, in vitro studies have
shown that genistein induces apoptosis of testicular cell lines, and inhibits their growth and
proliferation (KUMI-DIAKA, RODRIGUEZ and GOUDAZE, 1998). Also it may interfere
with percentage of sperm motility and modulate sperm capacitation, acrosome reactions
and fertilizing ability (KUMI-DIAKA and TOWNSEND, 2001; ADEOYA et al., 2003),
with genistein being considerately more potent than 17f3-estradiol (ADEOYA et al., 2003).
Furthermore, these agents may alter the volume of the sexually dimorphic nucleus of brain
(LEPHART, ADLERCREUTZ and LUND, 2001; LEPHART, WEST and WEBER, 2002)
and promote deleterious alterations in the sexual behavior of rats (WHITTEN, PATISAUL
and YOUNG, 2002; WISNIEWSKI et al., 2003), in which adult males were less likely to
mount, intromit and ejaculate during mating tests.

To improve the knowledge about the influence of PE on male reproductive health,
the present study investigated the effects of the chronic exposure to soy isoflavones on: (1)
morphology of the reproductive organs; (2) semen quality; (3) age at puberty; (4) serum

testosterone levels; and (5) sexual behavior of male rabbits.

MATERIALS AND METHODS

Animals
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With due compliance of the international guiding principles for animal research, the
experimental protocol was reviewed and approved by the University of Brasilia Institute of
Biological Sciences Ethical Committee to Animal Use. One male New Zealand and 10
female rabbits between 8 and 10 months of age were started in this study. They were
housed individually in steel cages equipped with automatic watering systems. Animals

were kept on natural photoperiod and environmental temperature.

Treatments

Females were randomly assigned to a control (n=4) and two treatment groups
(n=3/group). The animals from the treatment groups received 2.5mg (ISF 2.5) or 10mg
(ISF 10) of soy isoflavones/kg of body wt/day (Soy Isoflavones, 40% - DEG Importagdo de
Produtos Quimicos Ltda — Sao Paulo - SP). The animals of the control group received corn
starch as placebo. The proper dose of isoflavones as well as placebo was inserted directly
into the oral cavity after rabbit immobilization. All animals were kept on a soy- and alfafa-
free diet, in which soy and alfafa proteins were replaced with cottonseed meal and meat
meal protein. The three groups received water and food ad [libitum. Soy isoflavones
concentrate used in the present study is similar to commercially available soy-derived
products, currently used for hormonal replacement, and for the prevention or treatment of
various hormone-dependent diseases. The most common dose used in these cases is 1
mg/kg body wt/day.

To minimize the genetic influence, females were mated by the same buck. At the

fifth week of age, male offspring were numbered and surplus pups were randomly excluded
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from the study. Remaining six pups of each isoflavones-treatment groups and ten pups of
the untreated control group received the same treatments that were given to their respective
mothers from weaning (5 weeks) to 33 weeks of age. As a consequence, these animals were
exposed to isoflavones indirectly via maternal consumption during gestation and lactation
and directly by oral route from weaning to adulthood. During the exposure period, the
animals were monitored daily for health status. Body weights and food consumption were

measured weekly throughout the experimental period.

Ejaculates collection and evaluation

The artificial vagina (AV) for semen collection was built based on a model
described by Andrade et al. (2002). Its mucosae was filled with warm water (60° C), and it
was used when the inner temperature was between 45° and 50° C. A collector tube was
attached onto one of the edges, and the free edge was positioned to penis intromission.
Before semen collection, bucks were allowed one false mount and, at the subsequent
mounting, the AV was adequately positioned on the dorsum of the stimulus female

allowing penis intromission.

From 14 to 25 weeks of age, semen samples were collected once a week to evaluate
the sexual maturation. After this period, the animals were collected every other day for 5
weeks, permitting a total of 17 collections. The first seven samples were used to stabilize
sperm output and were not included in the analysis, so the daily sperm output was
quantified using the last 10 ejaculates (THOMPSON and BERNDTSON, 1993). This

procedure minimizes the possibility of false detection of treatment-induced changes.
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After removing and weighing the gel mass, ejaculate volume was recorded in the
graduated tube attached to the artificial vagina. Just after the ejaculation, a semen drop was
mixed with the same volume of heated saline on a warm (37 °C) slide. The sperm motility
(0-100%) and vigor (0-5) were subjectively evaluated in light microscope (400X). For
determination of sperm concentration, ejaculates were diluted 1:100 in a 4% formol/0,9%
saline solution and counted twice in Neubauer haemocytometer (GmbH+Co., Brandstwiete
4, 2000 Hamburg 11, Germany) using a light microscope (Nikon Eclipse C600, Japan)
(400X). The sperm morphology was examined on semen smears stained with Congo red

and Gentian violet solutions.

Age at Puberty and Sexual Behavior

The age at puberty was considered when sperm counts stopped to raise. The ages (in

weeks), which males showed stabilized ejaculate values were used for data analysis.

To quantitatively measure the males” sexual behavior, the time of reaction (latency to begin
mounting); the interval between two consecutive ejaculations in the artificial vagina; and

the mounting reflex were determined.

The time of reaction (time elapsed from the moment of subjecting a doe to the buck
and mounting) and the interval between two consecutive ejaculations into the artificial
vagina were measured in seconds using a stopwatch. The mounting reflex (indicative of
sexual interest) was considered when rabbits were capable to mount and complete the
copulation and was quantified in days of age. Values significantly higher or lower than

those from the control group indicate decreased or increased libido, respectively.
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Tissue collection and evaluation

At 33 weeks of age, males were killed via jugular exsanguination, after barbiturate
anesthesia. Blood samples were centrifuged at 1600 g for 8 minutes, and serum was stored
at —20 °C until analysis. Serum testosterone was assayed by automated Kimiluminescence
(ACS 180 plus Bayer equipment) using manufacturer protocol.

Testes, epididymides, proprostate and prostate glands were dissected and weighed.
For histopathological evaluation, portions of the organs were fixed in Bouin’s solution,
washed with running water, and transferred into 70% ethanol before being processed for 24
h in an automated processor (Leica TP 1020 — Histology & E. M. Products — SP, Brazil).
Subsequently they were embedded in paraffin wax, sectioned at 5 pM thickness, and
stained with hematoxylin and eosin. The sections were carefully examined for the presence

of abnormalities.

Statistical Methods

As all data were found to be normally distributed, different parameters were
analyzed using Analysis of Variance (ANOVA). When a significant treatment effect was
found, differences among groups’ means were assessed by Tukey’s test. Values were
expressed as mean + SD (Standard Deviation). Statistical analyses were carried out using

SAS System for Windows, SAS Institute Inc., Cary, NC, USA.
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RESULTS

Ejaculate parameters

The mean values of the ejaculate volume, total motile sperm per ejaculate, vigor of
motile sperm, percentage of sperm abnormalities, sperm concentration and daily sperm
output are summarized in table 1. The differences in these parameters between the groups

were not statistically significant (P>0.05).

Table 1. Effects of soy isoflavones treatment (2.5 and 10mg/Kg BW/day) on semen

characteristics of rabbits

Groups
Control ISF 2.5 ISF 10

Volume (ml) 0.54+0.0 0.52+0.0 0.51+0.0
Motility (%) 77.5£4.0 80.1 3.6 79.1 £5.2
Vigor (0-5) 3.1£0.3 32+0.2 3.2+0.1
Abnormal sperm (%) 253+1.2 21.5+4.6 23.0+4.1
Sperm concentration (x10%/ml) 197.1 £35.5 204.6 £ 17.5 223.8+17.0
Daily sperm output (x10°) 104.7 £ 16.3 108.4 + 6.8 114.6 £ 7.0

Data are shown as group means = SD of 10 ejaculates per animal. No intergroup

differences were significant at the 5% level of confidence.
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Rabbits treated with 10mg of soy isoflavones/kg body wt/day presented ejaculates
with motile sperm earlier than the those treated with 2.5 mg/kg body wt/day and the

untreated control group (P<0.05), however this difference disappeared in the adult males.

Reproductive organs weight and morphology

Absolute (data not shown) and relative weights of the testes, epididymis, prostate
and pro-prostate were similar in all studied groups (Table 2). Gross morphology is unlikely
to be affected by long-term administration of isoflavones. Testes shown apparently normal
pattern of spermatogenesis in the seminiferous tubules. Sex accessory glands presented a
typical simple columnar epithelium with no evidence of pathological changes. This
secretory tissue gives rise extensive branching folds projecting into the acinar lumen, which
are peculiar of the species. Also, no evidence of pathological changes was observed in the
epididymal duct of the caput, corpus, and cauda epididymides among the treatment groups.
Results from the histological approach of the reproductive organs support the in vivo

observations.
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Table 2. Food intake, body and reproductive organs weight of rabbits treated with soy

isoflavones (2.5 and 10mg/kg BW/day)

Groups
Control ISF 2.5 ISF 10

Body weight BW (g) 3754.4 £179.50 3684.1 +112.80 3595.4 +121.85
Food intake' (g) 112.1 £8.00 114.0 £5.25 110.5+13.80
Testes/BW (mg/g) 1.53 £ 0.06 1.54 £ 0.03 1.53 £0.02
Epididymides/BW (mg/g) 0.61 +0.04 0.64 +0.01 0.63 +0.00
Prostate/BW (mg/g) 0.205 +0.09 0.198 £ 0.00 0.196 £ 0.00
Proprostate/BW (mg/g) 0.198 £ 0.01 0.196 + 0.00 0.193 £ 0.00

Values are given as mean + SD of 10 ejaculates per animal. No intergroup differences were
significant at the 5% level of confidence.

! Average values obtained during post-natal weeks 29 to 33.

Age at puberty, sexual behavior and serum testosterone concentration

The age at puberty (mean and standard deviations) in the different groups was:
control, 161 £+ 11.4 days; ISF 2.5, 170 £ 9 days; and ISF 10, 163 + 11.8 days. These data

did not reach statistically significant differences.

Chronic treatment of rabbits with soy isoflavones did not cause significant statistical
differences in the measurable parameters employed to the sexual behavior assessment
(Table 3). A subjective evaluation based on simple observation of the mating routine for
semen collections (over 25 mates per animal), corroborates the objective analyses. In

addition, serum concentrations of testosterone did not differ among the groups.
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Table 3. Effects of soy isoflavones treatment (2.5 and 10mg/kg BW/day) on the time of
reaction, interval between two consecutive ejaculations into the artificial vagina

(At), and serum testosterone levels

Groups
Control ISF 2.5 ISF 10
Time of reaction (sec.) 3.7+£0.7 39+£0.2 3.6+£0.2
At (sec.) 97.0+7.5 95+ 10.9 105.8+13.4
Testosterone levels (ng/dl) 800 + 141 750 £ 115 7263 +£112.6

No intergroup differences were significant at the 5% level of confidence.

DISCUSSION

In vivo data show that PE have a wide range of biologic effects at doses and plasma
concentrations considered normal in human diets. The doses reported to be biologically
active in humans (0.4 to 10 mg/Kg body wt/day) are lower than doses generally reported to
be active in rodents (10 to 100 mg/Kg body wt/day), although some studies have reported
rodent responses at lower doses (WHITTEN and PATISAUL, 2001). Some estimative of
isoflavones intake from soy-based diets consumption ranges from 6 to 11 mg/kg/body
wt/day in human infants (SETCHELL et al., 1998), 1 to 1.5 mg/kg body wt/day in human
adults (STRAUSS et al, 1998), 0.6 to 4.5 mg/kg/body wt/day in cats (COURT and

FREEMAN, 2002) and 1.6 to 3.5 mg/kg body wt/day in monkeys (SHARPE et al., 2002).
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The doses of soy isoflavones we find to be safe for male reproductive health are similar to

the amounts consumed by human and animal eating soy-based diets.

McClain et al. (2005) reported atrophy of testes and absence of spermatozoa in the
epididymus of Beagle dogs treated with genistein, but at a very high dose of this purified
isoflavone. A comparable dose of genistein (= 500 mg/kg/day) was also required to induce
persistent structural changes in rats (STRAUSS et al., 1998), similar to those observed in
mice treated with potent synthetic estrogens. However doses of PE within dietary exposure
levels had failed to induce major effects in sperm counts of rats (ROBERTS et al., 2000;
SHIBAYAMA et al., 2001; FIELDEN et al., 2003; FAQI et al., 2004; JUNG et al., 2004;
LEE, KANG and JUNG, 2004), and men (MITCHELL et al., 2001). In this context, it is
opportune to consider that almost all commercially available rodent diets contain
substantial levels of PE (THIGPEN et al, 1999; BROWN and SETCHELL, 2001;
LEPHART, WEST and WEBER, 2002), and no reports of impaired reproductive
performance has been registered in these animals, as well as in rabbits fed a soy meal-based

diet (CARDOSO and BAO, 2007).

The effect of the PE on the rabbits’ reproductive system seems to depend on the
compound, exposure dose and period of administration. Total isoflavones exposure at doses
ranging from 2 to 5Smg/Kg of BW every other day for a subchronic period had several
beneficial effects on semen characteristics and sexual behavior of male rabbits (YOUSEEF,
EL-DEMERDASH and AL-SALHEN, 2003; YOUSEF, ESMAIL and BAGHDADI, 2004),
but rabbits treated with daidzein at 0.1 mg/Kg/day showed erectile dysfunction

(SRILATHA and ADAIKAN, 2004). In contrast, results of the present study did not show
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either, beneficial nor deleterious effects on reproductive function and behavior of male
rabbits. Also, a soy meal-based diet (17% of diet) did not change semen quality,
reproductive organs morphology and sexual behavior of rabbits, as we have shown earlier
(CARDOSO and BAO, 2007).

Semipurified isoflavone concentrate exposure did not induce alterations in
reproductive organs weight and morphology in this investigation, which is in accordance
with studies in rats (CASANOVA et al., 1999; ROBERTS et al., 2000; SHIBAYAMA et
al., 2001; FIELDEN et al., 2003; OHNO et al., 2003; FAQI et al., 2004; LEE, KANG and
JUNG, 2004). However, there appears to be rats strain differences in the effects of PE on
prostate structure. Decrease in prostate weight and scamous metaplasia of collector ducts
was observed in Outbred Han NMRI rats treated with 2.5 mg/Kg of genistein for 7 days
(STRAUSS et al., 1998); the same dose for a greater period (5 weeks) did not cause lesions
in ICR rats prostate (LEE, KANG and JUNG, 2004). In addition, doses of genistein 4 to 16
times higher had no effects on Wistar rats prostate weight (OHNO et al., 2003). Such
differences like those discussed earlier in rabbits are not well explained due to the paucity
of comparative data about the absorption, metabolism and bioavailability of PE. Moreover,
these divergences motivate intense discussions about the possible undesirable side effects
of these compounds on the human health.

In conclusion, our findings show that isoflavone exposure at normal human and
animal dietary levels, which are recognized to have beneficial role in the prevention of
several types of chronic diseases, do not impact male function and behavior of male rabbits.

This study provides additional data about the consequence of PE exposure on the

reproductive male health, however the results may not be integrally extrapolated to females
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and other species, since several differences has been reported among species, and in the

compound, dose and route of administration of these substances.
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RESUMO: O objetivo deste estudo foi investigar os efeitos da exposi¢do cronica a
concentrado de isoflavonas da soja sobre a morfologia dos 6rgdos reprodutivos, qualidade
do sémem, idade a puberdade, niveis séricos de testosterona e comportamento sexual de
coelhos machos. Com este propdsito, fémeas foram aleatoriamente designadas para receber,
por via oral, 2,5mg (ISF 2,5), ou 10mg (ISF 10) de isoflavonas da soja por quilo de peso
corporal por dia. Os animais do grupo controle foram tratados como os dos demais grupos e
receberam placebo (amido de milho). Todos os coelhos foram alimentados com dieta livre
de soja e alfafa ao longo da gestacdo e lactagdo. A prole macho recebeu os mesmos
tratamentos, da desmama até 33 semanas de vida. A exposi¢do cronica a isoflavona nao
causou alteragdes estatisticamente significativas na idade a puberdade, volume de s€émem,
emissdo diaria de espermatozdides, concentragdo espermdtica, motilidade, vigor e
morfologia espermatica. Em adicdo, a exposi¢do a isoflavonas ndo resultou em efeitos
negativos sobre os niveis de testosterona, ou no comportamento sexual dos coelhos. A
avaliagdo histopatolégica também ndo revelou qualquer alteracdo nos testiculos,

epididimos, e nas glandulas prostata e pré-prostata dos animais. Os resultados deste estudo
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apontam que a exposi¢do gestacional, lactacional e pds-lactacional a isoflavonas da soja,
em doses comparaveis aquelas em que homens e animais estdo expostos ao consumirem
dieta a base de soja, ndo causa efeitos adversos nos pardmetros reprodutivos de coelhos

machos.

UNITERMOS: Fitoestrogenos, Isoflavonas, Reproducao, Coelhos
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3. CONCLUSOES

Os dados obtidos neste trabalho possibilitaram as seguintes conclusdes:

. A exposi¢do perinatal ou cronica a isoflavonas da soja em niveis compativeis
com os adquiridos pelo consumo de soja por homens e animais ¢ aparentemente incapaz de
provocar efeitos deletérios ao desenvolvimento e fung¢do do aparelho reprodutor de coelhos
machos. Considerando isto, podemos afirmar que o farelo de soja como fonte protéica na

alimentacdo de coelhos machos ¢ uma alternativa segura do ponto de vista reprodutivo.

. A exposicdo cronica a niveis maiores de isoflavonas por via oral
(20mg/kg/dia), na forma de concentrados de isoflavonas, causa reducdo do consumo de
alimentos e diminuicao em 11% no ganho de peso corporal de coelhos machos. Este fato,

também descrito em ratos, pode ser devido ao efeito anorético promovido por estrogénios.

. O farelo de soja (46% de proteina), como principal fonte protéica na ragdo,
ndo encerra uma quantidade de isoflavonas suficiente para comprometer a ingestdo
alimentar e o ganho de peso dos animais, logo dieta contendo soja pode ser utilizada

seguramente em plantéis destinados ao abate.
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. Os resultados deste estudo ndo sustentam a hipotese de que a exposicao
perinatal a isoflavonas possa comprometer o desenvolvimento fetal de coelhos e causar
alteracdes que integrem a sindrome da malformacgdo testicular, como aquelas relatadas

como conseqiiéncia da exposi¢ao a estrogénios manufaturados.
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5. ANEXOS

Anexo 1. Termo de aprovagao para a utilizagdo de animais em estudo cientifico.
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