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RESUMO GERAL

A inducédo a obesidade, no modelo experimental animal com dieta de cafeteria,
simula a alimentacdo com alto teor cal6rico que os seres humanos ingerem, na
atualidade, possibilitando, assim, estudar a obesidade bem como as comorbidades
advindas desta condicdo. O sistema genital masculino é afetado diretamente pela
obesidade com aumento de peroxidacdo lipidica, aumento de corpos apoptéticos,
mudancas nos parametros espermatobioscépicos e reducdo de fertilidade. O
objetivo do estudo foi avaliar se ha alteracdes causadas pela obesidade nos epitélios
dos ductos eferentes e epididimario, tanto em relacdo a morfologia quanto a
expressdo de aquaporinas 1 e 9 (AQPs 1 e 9) em ratos Wistar adultos. Apds o
desmame, os animais foram divididos aleatoriamente em dois grupos: grupo controle
(CON), que recebeu dieta padréo e 4gua ad libitum (n=10) e grupo cafeteria (CAF),
que recebeu dieta de cafeteria e refrigerante desgaseificado ad libitum (n=10). O
tratamento do grupo CAF teve inicio depois da 12° semana de vida, totalizando 40
semanas de consumo da dieta de cafeteria, sendo todos os animais mortos com 52°
semanas de idade. Os ductos eferentes, juntamente com segmentos inicial (Si),
cabeca (Cg), corpo (Co) e cauda (Cd) do epididimo, foram submetidos a rotina
histol6gica e imunohistoquimica para AQP-1 e AQP-9. No presente estudo foram
avaliados os dados: massa corporal, comprimento nasoanal, circunferéncia
abdominal, indice de Lee e massa das gorduras retroperitoniais e perigonadais;
também, avaliou-se dimensdes, através de morfometria, e caracteristicas
morfolégicas dos epitélios dos ductos eferentes e segmentos Si, C¢, Co e Cd do
epididimo, bem como foram analisadas as expressfes de AQP-9 e AQP-1 nos
ductos eferentes e segmentos epididimarios supracitados. Alteracdes na expressao
das AQPs, nos ductos eferentes e parte do epitélio epididimario, foram observadas
com aumento na expressao de AQP-1 e reducdo de AQP-9 nos ductos eferentes e
cauda epididimaria, respectivamente, dos animais tratados com dieta de cafeteria.
Também, ocorreram alterac6es morfolégicas no epitélio epididimario, como aumento
do numero e tamanho de células halo e claras; aumento de organelas endociticas; e
distribuicdo heterogénea de estereocilios, nos animais com obesidade induzida por
dieta de cafeteria. Em vista dos resultados, acredita-se que essas alteracfes devem
causar um profundo impacto sobre o ambiente luminal e interferir no processo de
transporte, maturacdo, manutencdo, protecdo e armazenamento dos
espermatozoides, sendo a obesidade responsavel por alterar a expressdo de AQP-1
nos ductos eferentes, da AQP-9 na cauda epididiméria, a distribuicdo relativa de
células claras e halo e caracteristicas morfologicas destas partes da via
espermatica. No entanto, mais estudos sdo necessarios para esclarecer 0s
mecanismos especificos pelos quais a dieta de cafeteria afeta a morfologia da via
espermatica, especificamente dos ductos eferentes e ductos epididimarios.
Palavras-chave: Morfologia, dieta de cafeteria, obesidade, via espermatica e
aguaporinas, biologia da reproducéo.



GENERAL ABSTRACT

The induction of obesity in experimental animals with cafeteria diet simulates the
high-calorie food that humans eat, nowadays, thus enabling to study obesity and
comorbidities resulting from this condition. The male reproductive system is directly
affected by obesity with increased lipid peroxidation, increase of apoptotic bodies,
changes in parameters espermatobioscopicos and reduced fertility. The aim of the
study was to evaluate whether there are changes caused by obesity in epithelia of
efferent ducts and epididymis , both in relation to morphology and expression of
aquaporins 1 and 9 ( AQPs 1 and 9) in adult Wistar rats . After weaning , the animals
were randomly divided into two groups : control group ( CON ) received standard diet
and water ad libitum (n = 10 ) and group cafeteria ( CAF ) , which received cafeteria
diet soda and degassed ad libitum ( n = 10). The treatment group CAF began after
the 12th week of life, totaling 40 weeks of consumption of cafeteria diet, being all
dead animals with 52 weeks of age. The efferent ducts , along with initial segments (
Si), head (C¢ ), body ( Co ) and tail ( Cd ) epididymis were submitted to routine
histological and immunohistochemical staining for AQP- 1 and AQP- 9 . In the
present study we evaluated the data: body mass, length nasoanal, waist
circumference, Lee index and retroperitoneal fat mass and perigonadais; also
evaluated dimensions, using morphometry and morphology of the epithelia of the
efferent ducts and segments Si, C¢, Co and Cd epididymis and analyzed the
expression of AQP- 9 and AQP- 1 in the efferent ducts and epididymal segments
above. Changes in expression of AQPs in the efferent ducts and the epididymal
epithelium were observed with increased expression of AQP- 1 and AQP- 9 reduction
in efferent ducts and epididymal cauda, respectively, in animals treated with cafeteria
diet. Also, there were morphological changes in the epididymal epithelium, such as
increasing the number and size of cells and clear halo; increased endocytic
organelles, and heterogeneous distribution of stereocilia, in animals with diet-induced
obesity cafeteria. Given the results, it is believed that these changes should cause a
profound impact on the luminal environment and interfere in the transport process,
maturation, maintenance, protection and storage of sperm, being responsible for
obesity alter the expression of AQP- 1 in efferent ducts, AQP- 9 in the epididymal
cauda, the relative distribution of cells and clear halo and morphological
characteristics of these parts via the sperm. However, more studies are needed to
elucidate the specific mechanisms by which the cafeteria diet affects sperm
morphology via specifically efferent ducts and epididymal ducts.

Keywords: Morphology, cafeteria diet, obesity, spermatic ducts and aquaporins,
reproduction biology.
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4- INTRODUCAO GERAL

4.1- OBESIDADE

A obesidade € uma das desordens organicas, atualmente, considerada
epidemia que apresentou grande aumento de incidéncia, praticamente em todo o
planeta, nos ultimos 20 — 30 anos. Esta € uma desordem heterogénea com largas
variacOes para complicacdo de doencas tais como hipertensédo arterial, osteoartrite,
esteatose hepatica, colecistopatias, dentre outras, inclusive implicando no risco de
desenvolver outras doencas cronicas, tais como diabetes mellitus tipo 2, doencas
cardiovasculares, dislipidemias e cancer, particularmente em individuos com
acumulo de gordura visceral (BOWMAN et al., 2007; FRANCO et al., 2007). A
obesidade estd associada com multiplas alteracdes do sistema endocrino, incluindo
concentragdes anormais de hormonios circulantes, inclusive os hormoénios sexuais,
devido a alteraces no padrdo de secrecao e/ou metabolismo, transporte e/ou acéao
hormonal em nivel dos tecidos-alvo (PASQUALI et al., 2003), sendo que as
concentracfes plasmaticas reduzidas de testosterona podem ser associadas com a
obesidade visceral e sindrome metabdlica (HAFFNER et al., 1993).

A obesidade desperta grande interesse para o desenvolvimento de
constantes estudos cientificos, visto que aumenta o risco de mortalidade, além das
consequéncias organicas que acarreta, sendo o gerenciamento em saude publica
afetado também, uma vez que as acdes para tratamento da obesidade e suas
comorbidades, tais como doencas cardiovasculares, geram maior custo no SUS,
inclusive com internacdes hospitalares (BANDEIRA, 2003). Em 2007, no Brasil,
12,7% das hospitalizacdes nao relacionadas a gestacoes e 27,4% das internacoes
de individuos de 60 anos ou mais foram causadas por doencas cardiovasculares
(IBGE 2010; SILVA et al., 2009). Os agravos a saude e epidemiologia da obesidade
ilustram a importancia e o impacto da doenca, no ambito individual e coletivo, dentre
0S quais, os custos alarmantes de cerca R$1,5 bilhdo por ano com internacfes
hospitalares, consultas médicas e medicamentos. Desse valor, 600 milhdes sao
provenientes do governo via Sistema Unico de Sadde (SUS), e representam 12% do
orcamento gasto com todas as outras doencas (ANJOS et al., 2006).

De acordo com a World Health Organization (2004) (Organizacdo Mundial da

Saude), em 2015 aproximadamente 2,3 bilhdes de adultos estardo com sobrepeso e
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mais de 700 milhdes de pessoas estardo obesas. Estudo Nacional da Despesa
Familiar (ENDEF) em 1974, Pesquisa Nacional sobre Saude e Nutricdo (PNSN) em
1989, Pesquisa de Orgcamentos Familiares (POF) em 2002-2003, Pesquisa sobre
Padrdes de Vida (PPV) em 1997, mostram uma reducdo da desnutricdo em criancas
e aumento de sobrepeso e obesidade, situacdo de “transicdo nutricional”,
caracterizando mudanca nas prevaléncias, podendo-se observar uma diminuicao de
doencas transmissiveis e aumento das doencas crénicas ndo transmissiveis (IBGE
2010, SILVA et al., 2009).

A obesidade, por suas caracteristicas, € classificada como doenca cronica
nao transmissivel (DCNT) e degenerativa que afeta tanto criancas quanto adultos.
No conjunto de DCNTSs, a obesidade deve ser destacada, uma vez que criangas
apresentam uma taxa de aumento na sua prevaléncia que supera o indice desta
doenca em adultos (STYNE et al., 2001). O conjunto das DCNTs é a principal causa
de mortalidade no planeta, representando 60% de todas as mortes (WHO, 2005).

A obesidade é considerada uma doenca com etiologia multifacetaria, que
reflete as interacbes complexas entre fatores genéticos, ambientais e sociais, por
isso, estes Ultimos ndo podem ser desconsiderados para o tratamento da obesidade
(FEDERICA, 2012).

Atualmente, a obesidade pode ser compreendida como um “efeito colateral”
de mudangas do padrdo nutricional juntamente com o estilo de vida sedentario,
portanto, a pratica de atividade fisica regular, juntamente com uma alimentacao
regrada, € considerada ideal para manter ou reduzir o peso corporal (GUEDES et
al.,, 2002). Os afazeres da vida moderna tornaram-se muito mais complexos e
demorados. O tempo disponivel para a vida pessoal foi tomado por outras
ocupacoes e, muitas vezes, para suprir a falta de tempo, deixa-se de lado o cuidado
com a saude e o bem-estar, em prejuizo do bom estilo de vida. Segundo Nahas
(2001), pesquisas realizadas em diversos paises tém mostrado que o estilo de vida
passou a ser um dos mais importantes determinantes da saude dos individuos,
grupos e comunidades. Segundo Domingues Filho (2000), se a qualidade de vida
esta prejudicada, o organismo concomitantemente adoece, sendo a obesidade uma
das doencas que surgem com maior frequéncia nestes casos.

Na vida familiar pode-se observar que os pais concentram esforcos no
crescimento profissional e material, para manterem seu poder aquisitivo e se

conservarem em um mercado de trabalho cada vez mais competitivo, exigente de
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produtividade e eficiéncia. Sem tempo, ndo apresentam disposi¢cado para o0 convivio
com os filhos. Um dos aspectos antropolégicos que mais caracterizam as relacdes
contemporaneas é o fendbmeno do declinio do convivio (ANJOS et al., 2006). Muitos
estudos apontam obesidade como um disturbio da soliddo e da desvalorizagdo do
cuidado nas relacfes interpessoais, ao nivel psicossocial a obesidade pode
provocar um déficit de autoestima, de autoconfianca, fraca imagem corporal,
isolamento social, sentimentos de rejeicdo, depressao e insucesso escolar.
Contudo, atualmente, come-se cada vez mais sozinho, fato observado pelo
crescente numero de fast-foods, ilustrando o protétipo da vida contemporanea,
marcada por um consumo solitario, sem tempo, de um alimento pré-fabricado
(MOURAO-CARVALHAL, 2008). O excesso de ingestdo de alimentos pode ser
entendido entdo como uma forma eficiente de preencher vazios existenciais, tdo

comuns na sociedade mercantilista contemporanea (ANJOS et al., 2006).

4.2- OBESIDADE E REPRODUCAO

A relacéo entre obesidade e infertilidade masculina foi grandemente ignorada
até a década de 70, enquanto que em mulheres, os efeitos extremos da composicao
corporal sobre a funcéo reprodutiva foram extensivamente estudados (HAMMOUD
et al., 2008a).

Embora os efeitos negativos da obesidade sobre a reproducdo masculina
tenha sido menos estudados, sabe-se que ela pode afetar diversamente a fertilidade
masculina por mecanismos térmicos e endocrinos. Em homens obesos, 0s
mecanismos térmicos estéo relacionados com a quantidade de gordura, de maneira
gue o escroto permanece em contato mais proximo com o tecido circunjacente do
gue em homens com peso normal, predispondo ao aumento da temperatura escrotal
gue pode afetar adversamente os parametros seminais (HAMMOUD et al., 2008a).
Assim, estudos realizados sobre obesidade e infertilidade masculina baseiam-se,
principalmente, em andalises de qualidade do sémen, relativamente aos
espermatozoides, tais como concentracdo, motilidade, morfologia e integridade da
cromatina; mostrando que as incidéncias de oligozoospermia e astenospermia
aumentam com o indice de massa corporal de 5,3 % e 4,5 % respectivamente em
homens com peso normal para 9,5 % e 8,9 %, em homens com sobrepeso e para
15,5 % e 13,3 % em homens obesos (HAMMOUD et al., 2008a, b).
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Os mecanismos endocrinos estdo relacionados as alteracbes hormonais
associadas com a obesidade e que devem ser o principal fator que afeta a
fertilidade, porém outros fatores podem ser incluidos, como estilo de vida e aumento
e acumulo de debris celulares (HAMMOUD et al., 2008a).

Estudos sobre a relacdo entre androgénios e obesidade sdo importantes por
varias razdes, entre elas: 1) obesidade tem um profundo impacto sobre a secrecéo
e metabolismo de hormonios sexuais; 2) androgénios tém um papel pivdo na
regulacéo do padrao de distribuicdo da gordura corporal de acordo com o sexo; 3)
alteracdes nos niveis de androgénios, em individuos dos sexos masculino e
feminino, podem favorecer o aparecimento de desordens endocrinas especificas; 4)
o desequilibrio dos horménios sexuais pode favorecer a infertilidade em ambos os
sexos; 5) as alteragcbes de androgénios na obesidade podem favorecer a
susceptibilidade a desenvolver comorbidades, tais como diabetes mellitus tipo 2 e
doencas cardiovasculares (HU et al., 2003; PASQUALI et al., 2003).

Homens obesos apresentam o perfil hormonal especifico hipogonadotréfico-
hipoandrogénico-hiperestrogénico, caracterizado por diminui¢do da concentragéo de
gonadotroficos, diminuicdo da concentracao total e livre de testosterona, e aumento
da concentracéo de estrogénios circulantes, sendo a diminuicdo na concentracédo de
androgénios, proporcional ao grau de obesidade (GIAGULLI et al., 1994). As
concentracfes de estrogénios aumentam em homens obesos, comparadas com
individuos nao obesos, devido a aromatizacdo de testosterona circulante,
principalmente, no tecido adiposo, no qual sua concentracdo encontra-se
comparativamente aumentada em relacdo a outros tecidos, consequentemente, 0s
niveis séricos de testosterona total sdo reduzidos. Tais anormalidades enddcrinas
sdo aparentes em individuos obesos e sdo mais pronunciadas naqueles que sao
obesos infertéis. Contudo, se elas causam infertilidade ou se refletem a disfuncao
testicular em individuos obesos, ainda néo esta esclarecido (BRAY, 1997).

A taxa total de aromatizacéo de testosterona a estradiol aumenta com a idade
e com a massa adiposa (VERMEULEN et al.,, 2002), resultando, assim, em
alteracao na proporcéo de testosterona/estradiol, com maior deposicdo de gordura
abdominal e maior grau de deficiéncia de testosterona, que pode resultar em
hipogonadismo-hipogonadotréfico e infertilidade em situacdes de obesidade
morbida (ROTH et al., 2008). Os estrogénios atuam em dois sitios de feedback

negativo sobre o eixo hipotalamico-hipofisario-testicular: sobre o hipotalamo para
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diminuir a secrecao pulsatil do hormdnio de liberacdo das gonadotrofinas (GnRH) e
sobre a hipofise para diminuir a secrecdo do hormdnio luteinizante (LH). Goyal et al.,
(2003) relataram que a producdo diaria de espermatozoides por testiculo, as
massas absoluta e relativa dos testiculos, epididimos e glandulas seminais e
numero de espermatozoides no epididimo declinaram significantemente de forma
dose-dependente em ratos tratados com altas doses de estrogénio dietilestilbestrol
(DES).

Importantes avancos foram realizados nos ultimos anos em muitos aspectos
da Biologia da Reproducédo. A identificacdo de diversas substancias presentes no
epididimo e em outras partes do sistema genital masculino, tais como proteinas,
glicoproteinas, horménios e seus receptores tém contribuido neste aspecto.
Comprovadamente, os horménios sexuais masculinos e femininos, através de seus
receptores, atuam de maneira indispensavel para integridade do sistema genital
masculino e de seu epitélio de revestimento, mantendo o microambiente luminal,
condicdo imprescindivel para a sobrevivéncia dos espermatozoides no sistema de
ductos extratesticulares, constituido pela rede testicular extratesticular, ductos
eferentes, epididimo e ductos deferentes (HINTON et al., 1996).

A via extratesticular foi estudada no hamster dourado (BEU et al., 2007, BEU
et al., 2009), no gerbilo (DOMENICONI et al., 2007a), no camundongo (ABOU-
HAILA; FAIN-MAUREL, 1984), no rato (SUN; FLICKINGER, 1979; MOORE;
BEDFOR, 1979; JONES; JURD, 1987; HERMO; DWORKIN; OKO, 1988; VERI;
HERMO; ROBAIRE, 1993; SERRE; ROBAIRE, 1998) e outros mamiferos
(ROBAIRE, HINTON, ORGEBIN-CRIST, 2006). Estes estudos abordaram aspectos
bioguimicos da via espermatica, possibilitando caracterizar a identificacdo dos
constituintes do fluido seminal e de substancias presentes no epitélio de
revestimento tubular. As proteinas presentes no fluido seminal e no epitélio da via
espermatica desempenham fun¢des indispensaveis para a manutencdo da estrutura
e homeostasia do epitélio de revestimento da via e dos espermatozoides presentes
no microambiente luminal. Por isso foram realizados estudos na via espermatica do
cao adulto, com objetivo de imunolocalizar diferentes isoformas de aquaporinas
(AQPs), proteinas intrinsecas de membrana, envolvidas no aumento da
permeabilidade osmotica (DOMENICONI et al., 2007b; DOMENICONI et al., 2008).

As alteracbes enddcrinas associadas com a obesidade influenciam os

horménios esteroides sexuais, entre outros secretados pelos 6rgaos enddécrinos.



20

Estudos correlacionando a influéncia da subnutricdo calérico-proteica materna de
animais adultos, com a funcdo sexual masculina, mostraram alteracbées no
desenvolvimento testicular e na expressdo de AQPs e receptores de androgenos
(AR) (ARRIGUI et al., 2010; SANTOS et al., 2004; TEIXEIRA et al., 2007). Porém,
estudos morfologicos da via espermatica em modelos de obesidade como a dieta de
cafeteria séo escassos.

Tendo em vista que:

1) As concentracbes dos androgénios e estrogénios fazem a

autorregulacdo dos seus receptores;

2) A obesidade altera os niveis de hormonios sexuais;

3) As estruturas da via espermética sao Orgdos andrégeno-
dependentes;

4) A via espermatica também é regulada pelo estrogénio.

5) As AQPs estéo presentes na via esperméatica e sao importantes para

formacao do fluido luminal.

Justifica-se o interesse em investigar a expressao de AQPs no epitélio dos
ductos eferentes e do ducto epididimario de ratos Wistar com obesidade induzida
por dieta de cafeteria, tendo como:

Objetivo geral: realizar estudos para avaliar se a obesidade induzida por
dieta de cafeteria causa alteracBes morfolégicas no epitélio dos ductos eferentes e
no epitélio epididimario de ratos Wistar adultos.

Objetivos especificos: realizar estudos que possibilite avaliar se a dieta de
cafeteria induz a obesidade nos animais experimentais; analisar os epitélios dos
ductos eferentes e dos segmento inicial, cabeca, corpo e cauda do epididimo de
ratos Wistar adultos, através de analises morfoldgicas e morfométricas; avaliar a
expressdo de AQPs 1 e 9 nos epitélios dos ductos eferentes e dos segmento inicial,
cabeca, corpo e cauda do epididimo de ratos Wistar adultos e avaliar a distribui¢cdo
relativa celular dos segmento inicial, cabeca, corpo e cauda do epididimo de ratos
Wistar adultos.
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5- REVISAO GERAL DE LITERATURA
5.1 - OBESIDADE

A obesidade e o0 sobrepeso sdo o0s problemas médicos cronicos mais
frequentes da atualidade, e estdo alcancando uma prevaléncia sem precedentes em
pessoas de todas as idades, em paises desenvolvidos e subdesenvolvidos
(SITORIUS, 1998). Atualmente, cerca de 1,6 bilhdo de adultos (idade superior a 15
anos) tém sobrepeso (IMC - entre 25 e 30 kg/m?) e 400 milhes estédo obesos (IMC
> 30 kg/m?). O indice de Massa Corpérea (IMC) é aceito, internacionalmente, como
determinante diagndstico de obesidade e/ou sobrepeso, sendo entre 25 a 29,9
Kg/m? indicam sobrepeso e valores acima de 30 Kg/m?, obesidade; esta pode ser
classificada como de grau | (IMC entre 30 a 34,9 Kg/m?), de grau Il (IMC entre 35 a
39,9 Kg/m?) e, ainda, de grau Ill (IMC 240 Kg/m?).

Segundo Pego-Fernandes (2011), nas ultimas décadas, tanto os indices de
sobrepeso como de obesidade aumentaram, em todo planeta, nas faixas etarias de
45 a 54 anos, entre os homens e, de 55 a 64 anos, entre as mulheres. Em faixas
etarias superiores, a obesidade e o sobrepeso declinaram. Variacdes nos indices de
obesidade também foram observadas considerando-se a classe econdmica, visto
gue o excesso de peso foi mais evidente entre os homens com maior renda
(61,8%), enquanto variou pouco entre as mulheres (45 — 49 %), independente da
renda (PEGO-FERNANDES et al., 2011). Dados coletados pelo Instituto Brasileiro
de Geografia e Estatistica (IBGE, 2010) mostram que os brasileiros, também estao
inclusos nestas estimativas, apresentando indices de aumento de massa corporea
nos ultimos anos e que em 2008-2009, o excesso de peso afetava cerca de 50%
dos homens e das mulheres brasileiras. Tais indices apontam a obesidade como um
fendbmeno que pode ser traduzido como um dos maiores desafios para as politicas
publicas, no momento, exigindo um modelo de atencdo a saude, pautado na
integralidade do individuo e com uma abordagem centrada na promocao da saude
(COUTINHO et al., 2008).

Cada vez mais a obesidade vem chamando a atencdo da comunidade
cientifica e médica, por se mostrar uma doenca grave, multifacetada e de genética
complexa que, associada as suas comorbidades, € acompanhada de elevada
morbidade e mortalidade, principalmente por doenca cardiovascular, além de
inumeras outras complicagbes (BANDEIRA, 2003). Na obesidade ocorrem
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alteracdes no equilibrio energético do organismo, onde a obtencdo de energia
excede seu gasto, sendo entdo o0 excesso armazenado na forma de gordura no
tecido adiposo (FONSECA-ALANIZ et al., 2007). Estas alteracbes podem ser
causadas por fatores genéticos, ambientais, sedentarismo, habitos alimentares
inadequados, hereditariedade, alteracbes metabdlicas e neuroenddcrinas,
contribuindo para a criagcdo e o desenvolvimento da obesidade (MOLINATTI et
al.,1992; BARSH et al., 2000; BOUCHARD, 2001; FLEGAL et al., 2002; MARTINEZ,
2000;; PI-SUNYER, 2002).

Segundo Almeida (2002), o estado final provocador de uma doenca €
resultado do sinergismo de uma multiplicidade de fatores politicos, econémicos,
sociais, culturais, psicologicos, genéticos, bioldgicos, fisicos e quimicos. Este
conceito de saude-doenca reflete também essa conjuntura social, econdmica,
politica e cultural, ndo representando a mesma coisa para todas as pessoas,
dependendo da época, lugar, classe social, valores individuais, concepcdes
cientificas, religiosas e filosoficas (SCLIAR, 2002). Assim sendo, ao longo da
histéria da humanidade, o ganho de peso e depdsito exagerado de gordura, foram
vistos como sinais de saude e prosperidade, no entanto, atualmente a obesidade é
vista como um problema de salde publica e afeta pessoas de todas as idades e de
todo nivel socioecondmico, provocando sérias consequéncias sociais, fisicas e
psicoldgicas (BOUCHARD et al., 1989).

O excesso de peso é frequentemente associado com hiperlipidemia
(McNAMARA et al., 1992). Um relato do Instituto Nacional de Saude dos EUA de
2002, conclui que a obesidade deve ser encarada como uma doenca cronica
degenerativa, pois existem multiplos perigos biol6gicos de enfermidade prematura e
morte para niveis surpreendentemente baixos de excesso de gordura,
representando apenas 2,3 a 4,5 kg acima do peso corporal desejavel (McARDLE et
al., 1998).

A obesidade é a forma mais comum de ma-nutricdo, do padrdo alimentar
inadequado e umas das mais comuns de resisténcia a insulina (FLEGAL et al.,
2002). O excesso de alimentagcdo nos primeiros anos de vida e/ou exposicao
prolongada a escassez de alimentos, intrauterina e extrauterina, leva a desnutricao
e tendéncia a obesidade posteriormente, e aumenta o nimero de células adiposas;

um processo irreversivel, que é a causa principal da obesidade para toda a vida.



23

Recentemente, a taxa de aumento na prevaléncia desta doenca em criancas tem
superado o indice da sindrome em adultos (STYNE et al., 2001).

O acumulo excessivo de gordura pode desencadear uma ampla variedade de
respostas hormonais anormais, como a regulacdo de neuropeptidios relacionados
com a saciedade. Segundo Rodrigues (2002), existe uma interacdo complexa entre
horménios e neuropeptidios, sob o controle principal de nucleos hipotalamicos que
regulam o peso corporal. Muitas pesquisas estdo em andamento procurando isolar
fatores genéticos, fatores intrinsecos e horménios envolvidos na génese da
obesidade e com isto desenvolver novos medicamentos ou até terapias génicas
(REPETTO et al., 2003).

Ha muitas evidéncias de que a genética contribui substancialmente para a
regulacdo do peso corporal. Estudos de correlagio do IMC em gémeos
monozigoticos, gémeos dizigbticos, irmaos biolégicos e adotivos sugerem que a
heranca da obesidade é de 50-90% (BARSH et al., 2000). No entanto, outros
estudos, que correlacionam aspectos genéticos a ocorréncia de obesidade, ndo
foram capazes de evidenciar a interferéncia destes em mais de um quarto dos
obesos, fazendo com que ainda se acredite que o processo de acumulo excessivo
de gordura corporal, na maioria dos casos, seja desencadeado por aspectos
socioambientais (BOUCHARD et al., 1989).

As mudancas de comportamento alimentar e os habitos de vida sedentérios
atuando sobre genes de suscetibilidade s&do os determinantes principais do
crescimento da obesidade no planeta. Quando se busca a explicacdo para esta
epidemia global, certamente os esforcos devem concentrar-se também na
identificagdo de fatores ambientais envolvidos tais como, sedentarismo e ingestéo
de alimentos com altos teores de gordura, dentre outros fatores (EPSTEIN et al.,
2000).

5.2 - DIETA DE CAFETERIA

Muitos estudos foram desenvolvidos utilizando como modelo experimental
para inducédo da obesidade a chamada dieta de cafeteria, que consiste em varios
alimentos com alto valor energético, normalmente encontrado em supermercados,
estes alimentos s@o colocados a disposicdo dos animais experimentais para

desenvolvimento da obesidade. O desenvolvimento desta técnica teve como
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objetivo aproximar o consumo alimentar dos ratos ao consumo feito pelas
sociedades modernas, as quais fazem grande parte das refeicbes em cafeterias,
lanchonetes e fast foods, onde, geralmente, sédo ingeridos alimentos com alto teor
de gordura, caracterizando a denominada “dieta ocidental” (FRANCISCHINI et al.,
1999; WHO 1998). De fato, trabalhos demonstram aumento da quantidade de
gordura em animais alimentados com este tipo de dieta (CESARETTI et al., 2006;
VON DIEMEN et al.,, 2006). Na dieta de cafeteria adicionam-se a racdo padréao,
amendoim torrado, banha ou bacon, chocolate, refrigerantes, bolacha maisena, bolo
de chocolate, dentre outros alimentos (CESARETTI, 2006; MEGUID, 2004; VON
DIEMEN et al., 2006). Na dieta de cafeteria, a mistura de alimentos com alto teor
calérico e de alta palatabilidade proporciona grande aceitacdo dos animais
experimentais, levando a maior ingestdo alimentar e consequentemente, rapido
ganho de peso; assim 0s animais tornam-se obesos, mais rapidamente, quando
comparados com animais que recebem dieta hiperlipidica, com sobrecarga apenas
de gordura (ESTADELLA et al., 2004; WEST, 1998).

A dieta de cafeteria promove um acréscimo de peso corporal total de
aproximadamente, 30 a 40%, além de produzir aumento na quantidade de gordura
visceral. A dieta altamente caldrica por um longo periodo de tempo faz que os
animais, além da obesidade, desenvolvam outras comorbidades. A aplicacdo da
dieta de cafeteria, independente do aumento de peso corporal, promove alteragdes
metabdlicas e bioquimicas nos animais (ESTADELLA et al., 2004).

5.3 - DUCTOS EFERENTES E EPIDIDIMO

Os espermatozoides produzidos nos tubulos seminiferos contorcidos de
mamiferos sdo conduzidos dos testiculos & uretra masculina através de um sistema
de ductos para serem liberados durante a ejaculacdo. Este sistema de ductos é
formado, sequencialmente, pela rede testicular, ductos eferentes, ducto epididimario
e ducto deferente, os quais constituem juntamente com os tlibulos seminiferos a via
espermatica (BEU, 2005). Os espermatozoides liberados pelos tabulos seminiferos
sdo imaturos e ao transitarem pelo sistema de ductos da via espermatica,
principalmente pelo ducto epididimario, adquirem capacidade de fertilizar odécitos.
Logo, os ductos da via espermatica ndo sao condutos meramente passivos, mas

representam um sistema dinamico que influencia o microambiente no qual os
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espermatozoides estdo localizados, os quais s&o submetidos a alteracdes
fisiologicas, bioquimicas e morfolégicas relacionadas a sua maturacdo (ROBAIRE;
HERMO, 1988; SETCHELL; MADDOCKS; BROOKS, 1994).

Os ductos eferentes fazem a conexao entre o testiculo e o epididimo, sendo
compostos por uma série de tubulos que se estendem a partir da rede testicular até
0 segmento inicial do epididimo. Estes ductos estdo anatomicamente diferenciados
em uma regido proximal (Zona inicial) e uma regido distal, formada pelo cone
vascular e ducto eferente comum, na qual os ductos sdo mais Sinuosos e
anastomosam-se (JONES; JURD, 1987).

O numero de ductos eferentes varia de 1 a 30 de acordo com a espécie. Os
ductos eferentes de ratos variam de 5 a 7, com um comprimento total de 20 cm,
formando um ducto avermelhado, que passa dorsalmente, partindo da rede
extratesticular, cruzando a gordura epididimal superior, juntando-se ao segmento
inicial do epididimo (JONES; JURD, 1987). A regido proximal dos ductos eferentes
de ratos, possui 7 mm de comprimento e 1-5 mm de diametro, ocupando 39% do
volume dos ductos eferentes, enquanto o cone vascular tem 2-5 mm de largura e 4
mm de comprimento, ocupando, cerca de 57% do volume dos ductos eferentes
(JONES; JURD, 1987, p.82). A variabilidade do niamero e comprimento dos ductos
eferentes é espécie-especifica, uma vez que, humanos tém de 6 a 15 ductos,
cangurus Tammar sp., de 12 a 16 com comprimento total de 6,7 cm
(CHATURAPANICH; JONES, 1991) e Equidnas, apenas 7 ductos eferentes, com
um comprimento total de 39 cm (DJAKIEW; JONES, 1982).

A morfologia epitelial destes ductos é caracterizada por um epitélio colunar
simples e constituido por dois tipos principais de células, as células ciliadas e nao
ciliadas (ILIO et al., 1994), sendo que as células ciliadas comp&em cerca de 15% do
epitélio da zona proximal e 33% da zona distal (JONES; JURD, 1987). Os cilios ndo
parecem estar envolvidos na movimentacdo dos espermatozoides e do fluido no
qgual estdo imersos para o epididimo, mas possivelmente com funcdo de agitar o
fluido no lumen dos eferentes, atuando em processos absortivos do contetdo
luminal (AMSELGRUBER; SINOWAT, 1991; ILIO et al.,, 1994; HESS, 2002). As
células nao ciliadas tém microvilosidades na sua superficie apical, aumentando a
area superficial, tal como ocorre nos tubulos proximais dos rins, porém, ndo ha
similaridade entre as membranas basolaterais das células ndo ciliadas e as dos
tubulos proximais dos rins (WANG; JONES; CLULOW, 1994).



26

Os ductos eferentes tém origem a partir dos tabulos mesonéfricos, mantendo,
portanto, similaridade com tubulos renais proximais tanto na morfologia, quanto na
funcdo (HINTON et al., 1988). A maior parte do fluido (50% a 90%), proveniente dos
tubulos seminiferos e da rete testis, € reabsorvido nos eferentes, o0 que aumenta
cerca de 25 vezes a concentracdo de espermatozoides (CLULOW et al., 1998;
LEVINE et al., 1971; TURNER et al., 1983). A concentracdo dos espermatozoides,
no segmento inicial, do epididimo é de suma importancia para o desenvolvimento
dos processos relacionados a maturagdo dos espermatozoides, pois possibilita a
interacdo eficiente dos produtos secretados pelas células principais, bem como
absorcdo de conteudos presentes no limem pelas mesmas (CORNWALL et al,
2002; HESS, 2002 et al , 2002; ROBAIRE; HERMO, 1988).

As similaridades de origem embriologica entre os ductos eferentes e o0s
tubulos renais podem ser verificadas pelas expressfes de aquaporinas em ambas
as estruturas (ROBAIRE; HERMO, 1988). As AQPs 1, 9 e 10 sdo expressas pelas
células néo ciliadas nos ductos eferentes, com AQP 1 localizada na regido apical e
basolateralmente, e as AQPs 9 e 10 mais proeminentes nas microvilosidades,
contribuindo em grande parte para a reabsorcdo nos ductos eferentes. Para alguns
autores, as células ciliadas também expressam AQP 1, 9 e 10, mas com auséncia
na regido basolateral (BADRAN; HERMO, 2002; HERMO et al, 2004), porem, outros
autores, relataram a auséncia de AQP 1 e 9 nessas células (BROWN et al, 1993;
FISHER et al., 1998; PASTOR-SOLER et al., 2001).

O epididimo apresenta uma estrutura basica, sendo um tdbulo Unico,
altamente enovelado (Figura 1), que liga os ductos eferentes ao ducto deferente, e
possui como fungdes principais: receber e armazenar espermatozoides imaturos do
testiculo; transportar e maturar os espermatozoides, gracas a interacdo com 0s
componentes secretados no seu limen; armazenar e proteger os espermatozoides
funcionais, antes da liberacdo no ducto deferente no momento da ejaculacdo
(BEDFORD, 1966; ORGEBIN-CRIST, 1976). Estudos fisiol6gicos, bioguimicos e
moleculares, realizados no epididimo, tém revelado uma extraordinaria
complexidade tanto a nivel estrutural como funcional (ROBAIRE et al., 2006). O
ducto epididimario possui comprimento variavel de acordo com a espécie; em ratos
este comprimento varia de 3-4 m, com o espermatozoide levando de 8 a 11 dias
para percorrer todo o trajeto até a cauda do epididimo (ROBAIRE et al., 2006;
TURNER; GLEAVY; HARRIS, 1990). Enquanto em humanos, relata-se um
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comprimento de 3-6 m, variando de 1 a 2 semana pra que 0 espermatozoide
percorra todo o trajeto (VON LANZ; NEUHAUSER, 1964). Camundongos possuem
um comprimento total de 1 m (TAKANO; ABE; ITO, 1981), jA em equinos, pode-se
encontrar um comprimento maior que 80 m de ducto (MANEELY, 1959). A aquisi¢ao
da capacidade de fertilizacdo dos espermatozoides ocorre numa localizacao
epididiméaria espécie-especifica (DACHEUX; PAQUIGNON, 1980), sendo em ratos
adquirida na cauda proximal (ROBAIRE et al., 2006).



O epididimo pode ser dividido, com base nas suas
propriedades anatdmicas e caracteristicas histologicas,
em quatro regides principais: segmento inicial, cabeca,
corpo e a cauda (Figura 2). Cada uma destas regides
possui perfis de expressdo de genes-especificos
diferentes (TURNER et al., 2003; JOHNSTON et al.,
2005, 2007; ZHANG et al., 2006; DUBE et al., 2007;
JELINSKY et al., 2007; THIMON et al, 2007;
GUYONNET et al., 2009).
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Enovelamento
do ducto
epididimario
de rato

Figura 1 - Processo de
enovelamento do ducto
epididimario de rato (1A-
10), enovelamento
completo no periodo inicial
pés-natal (1D). Para
facilitar a visualizacdo das
mudangas, o0s tamanhos
do testiculo e epididimo
nao estdo em escala.
Knobil and Neill’s
Physiology of
Reproduction, 32 Edition,
edited by Jimmy D. Neill,
Elsevier, 2006, capitulo 22,
Epididymis.




2A-2B - Cabeca epididimaria.
3A-3C - Corpo epididimario.
4A-4C - Cauda epididimaria.
5-6 - Ductos deferentes.

1A-1D - Ductos eferentes e Segmento Inicial.
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Regiodes do
Epididimo

Figura 2 - Diagrama
representativo do
testiculo, ductos

eferentes, epididimo e
ducto deferente de
humano. Regides do
epididimo: Segmento
inicial (1B, 1C e 1D),
cabeca (2A e 2B), corpo
(3A, 3B e 3C) e cauda
(4A, 4B e 4C) séo
indicados no diagrama.
Knobil and Neill’s
Physiology of
Reproduction, 32 Edition,
edited by Jimmy D. Neill,
Elsevier, 2006, capitulo
17, Anatomia do sistema
reprodutor masculino.
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As secrecfes segmento-especificas de proteina para o fluido luminal geram
microambientes propicios para cada etapa da maturacdo dos espermatozoides.
Secrecbes na regido de cabeca e corpo epididimario, sdo especificas para a
aquisicdo de motilidade e capacidade fertilizacdo dos espermatozoides (TURNER,
1995), ja as secrecdes na regido de cauda epididimaria, sdo importantes para
manter a integralidade dos espermatozoides, dando condicfes que preservam a sua
capacidade de fertilizacdo (JONES; MURDOCH, 1996). Estas regides sao
subdivididas por septos de tecido conjuntivo e em pequenas regides intrarregionais.
Cada regido tem propriedades funcionais distintas que se originam a partir de
diferencas estruturais e moleculares entre os tipos de células epiteliais: principais,
halo, delgadas, apical, clara e basal (Figura 3A e 3B) (ROBAIRE et al., 2006).
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- Clear cell organizacao e
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- Unknown function \ celulares encontrados no
epididimo e respectivas

Interstitium fungdes. (3A) Knobil and

capillaries Reproduction, 32

A Edition, edited by Jimmy

D. Neill, Elsevier, 2006,

capitulo 22, O epididimo.
(3B) BELLEANNEE C.;
THIMON V.; SULLIVAN
R. Region-specific gene
expression in the
epididymis. Cell Tissue
Res, v.349, p.717-731,
2012.
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As células principais formam aproximadamente 65% a 80% da populacao
total de células epiteliais e sintetizam essencialmente todas as proteinas secretadas
para dentro do limen epididimario (SUN; FLICKINGER, 1979), considerando que
algumas destas proteinas estdo envolvidas na aquisicdo de capacidade de
fertilizacdo (MONTFORT et al., 2002), aquisicao de motilidade do espermatozoide
(FRENETTE et al., 2004, 2006), protecdo dos gametas masculinos contra espécies
reativas de oxigénio (VERNET et al., 2004), ou eliminacdo de espermatozoides
defeituosos (SUTOVSKY et al., 2001).

Grandes mudancas estruturais e funcionais ao longo do epididimo foram
relatadas em células principais (HERMO; ROBAIRE 2002; JOSEPH et al., 2011).
Estas células, na regido proximal, exibem uma forma colunar alta, enquanto que nas
regides distais sdo cuboides, peculiaridade que se relaciona com modificacbes
morfoldgicas e funcionais das organelas relacionados aos processos de secrecao e
endocitose (HERMO; ROBAIRE 2002). Além disso, as células principais expressam
varios transportadores e canais de membrana, tais como a AQP-9, (PASTOR-
SOLER et al., 2001), proteina canal de cloreto (CIC3), (ISNARD-BAGNIS et al,.
2003), e as anidrases carbbnicas associadas a membrana (CAll e CAIV) que
medeiam o transporte de elementos importantes como ATP, cloreto, H,O e
bicarbonato para a fisiologia do epididimo (KAUNISTO et al., 1995).

As células apicais podem ser encontradas no segmento inicial e na zona
intermediaria de transicdo, localizada entre a cabeca e o corpo do epididimo. Esta
célula tem morfologia Unica e funcdo que se sobrepde um pouco com as das células
claras (ADAMALI et al., 1996). O ndcleo das células apicais varia de oval a esférico
e localiza-se na regido apical; seu citoplasma apical contém numerosos vacuolos,
vesiculas de endocitose, lisossomos e mitocondrias, podendo ser projetado para o
[imem. Além da CAIl, também sdo encontradas nas células apicais, enzimas
lisossomais, catepsina-D e beta-hexosaminidase bem como nas células halo
(HERMO et al., 2000).

As células halo sdo encontradas ao longo de todo epididimo, mas sdo mais
abundantes na regido proximal (FLICKINGER et al., 1997; NASHAN et al., 1989;
SEILER et al., 1999). Elas representam um conjunto de diferentes células do
sistema imunoldgico, como os linfécitos T auxiliares, linfocitos T citotoxicos e

macrofagos e seu nimero aumenta com a senescéncia (SERRE; ROBAIRE, 1999).
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As células claras de ratos sdo grandes células endociticas, intercaladas
entres as principais, encontradas nas regides da cabeca, corpo e cauda
epididimarias, em proporcdo crescente de proximal para distal; estas s&o
caracterizadas por uma regido apical com numerosas vesiculas revestidas,
endossomos e corpos multivesiculares; além destas organelas, lisossomos sao
encontrados na regido intermediaria do citoplasma e na regido basal, gotas lipidicas.
A atividade endocitica das células claras é maior que a de qualquer outro tipo de
célula no epididimo, e é particularmente ativa na cauda (SUN et al., 1979). Estas
células expressam, em sua membrana, bombas vacuolares de protons (V-ATPase),
cuja atividade contribui para a acidificacdo do Iumen, mantendo assim o0s
espermatozoides em um estado de repouso antes da ejaculacdo (BRETON et al.,
1996). Em estado estacionario, a V-ATPase é encontrada entre a membrana
plasmatica subapical e a membrana das vesiculas apicais (SHUM et al., 2009).
Porém, estimulos fornecidos pelo ambiente luminal, tais como, pH elevado,
concentracdo baixa de bicarbonato, angiotensina Il ou agonistas purinérgicos, faz
com que a V-ATPase seja recrutada pela membrana plasmatica, a qual se alonga
para formar microvilosidades (BEAULIEU et al., 2005; BELLEANNEE et al., 2010;
PASTOR-SOLER et al., 2003; SHUM et al., 2008). Além disso, as células claras séao
consideradas células endociticas que removem proteinas, a partir do fluido luminal
do epididimo (VIERULA et al., 1995), e gotas citoplasmaticas derivadas dos
espermatozoides durante a maturacdo no epididimo (HERMO et al., 1988).

As células basais compdem cerca de 20% da populacdo epitelial do
epididimo (MARENGO et al., 1990; SERRE; ROBAIRE, 1998), sendo caracterizadas
por seu formato piramidal e por sua localizacdo entre células epiteliais e junto a
lamina basal. Shum et al. (2009) relataram que estas tém projecdes estreitas que
entram em contato com a superficie luminal do epitélio epididimario, e que
expressam o0 receptor de angiotensina tipo Il (AGTR2), que quando ativado,
aumenta a secrecdo para células claras adjacentes. Estes autores, também,
propuseram o0 mecanismo pelo qual as células basais emitem suas projecdes:
estreitas extensdes citoplasméticas, cruzando as jungdes no polo apical do epitélio,
entram em contato direto com o fluido luminal, verificam sua composicao,
detectando angiotensina Il pelo AGTR2, expresso pelas células basais,
desencadeando a secrecdo de protons pela V-ATPase, através das células claras,

como resultado de uma interacdo entre as células basais e células claras adjacentes
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(SHUM et al., 2008). As células basais, também, compartilham interdigitacfes
extensas com a membrana plasmatica adjacente das células principais. Acredita-se
que as células basais realizam endocitose de elementos provenientes de células
sanguineas e células principais, mediada por receptor (VERI et al., 1993), podendo
assim, ajudar a regular as funcdes das células principais e claras (SHUM et al.,
2009). Além disso, as células basais expressam marcadores diferentes, tais como a
subunidade Yf da Glutathione-S-transferase (GST) (VERI et al., 1993) e a CuZn-
superoxide dismutase (SOD) (NONOGAKI et al., 1992), sugerindo um papel na
protecdo contra espécies reativas de oxigénio.

Além de proporcionar a maturacdo dos espermatozoides, o epididimo,
também, desempenha importante papel no transporte, protecdo e armazenamento
dos mesmos (ROBAIRE et al., 2006). A formacdo do ambiente luminal, propicio a
maturacdo, é o resultado de secrecfes de liquidos e os processos absortivos
realizados pelo epitélio, que atuam diferentemente ao longo do ducto epididimario
(ROBAIRE et al., 2006). Estas atividades das células epiteliais criam um ambiente
luminal caracterizado por apresentar diferencas marcantes, em termos de
compostos e constituintes, em comparacdo ao sangue. A existéncia de grandes
diferencas nas concentracdes de compostos organicos e inorganicos, entre o fluido
luminal e o sangue, reflete a eficacia da barreira hemato-epididimaria, que possibilita
excluir seletivamente ou concentrar ions e moléculas dentro do epididimo (CYR et
al., 1995; HINTON; HOWARDS, 1981). Além disso, a barreira hemato-epididimaria
participa do armazenamento dos espermatozoides auto-antigénico em um ambiente
imunolégico seguro. Os diferentes tipos de células do epididimo formam uma
camada Unica de epitélio em torno do lumen, e estas, se ligam fortemente atraves
de juncdes por todo polo apical, criando assim uma barreira hemato-epididimaria
(CYR et al., 2007).

5.4 - ANDROGENIOS, ESTROGENIOS

Os ARs foram bem descritos em varias espécies, incluindo ratos e
camundongos (FABER et al., 1991; TAN et al., 1988). O AR pertence a familia de
receptores de hormoénios nucleares, que também inclui receptores de outros
horménios esteroides, em mamiferos, tais como o receptor de glicocorticoide (GR),

o receptor de mineralocorticoide (MR), receptor de progesterona (PR) e receptores
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de estrogénio (ERa e ERB). O gene AR, em humanos, esta localizado no
cromossomo X na posicao Xgqll-ql12 (LUBAHN et al., 1988), e compreende oito
exons que codificam uma proteina de 110-kD, contendo um dominio N-terminal de
ativacdo, um dominio de ligacdo central ao DNA e um dominio C-terminal ligante
dependente (CHANG et al., 1995) para androgénios e seus derivados metabdlitos.
Os androgénios sao hormonios esteroides com papel fundamental no
desenvolvimento e na manutengé@o do fenétipo masculino e da fungdo reprodutiva.
Estes exercem suas fungdes por mecanismos gendmicos, que envolvem a ligacéo
do hormonio ao AR, e um fator de transcricdo ativado por ligante, o que resulta no
controle de expresséo génica (MARILIA et al., 2009). O AR tem sido encontrado na
maioria dos tipos celulares de tecidos do sistema genital masculino (ZHOU et al.,
2002). Os androgénios estdo envolvidos, principalmente, no desenvolvimento do
fendtipo especifico masculino durante a embriogénese; no estabelecimento da
maturacdo sexual durante a puberdade; na manutencdo da funcdo do sistema
genital masculino; na espermatogénese e no comportamento sexual, durante a vida
adulta. Eles, também, afetam uma ampla variedade de fun¢Bes em tecidos néo
reprodutivos, tais como os tecidos ésseos e tecidos musculares esqueléticos, em
ambos o0s sexos (MATSUMOTO et al, 2008). Androgénios enddgenos,
principalmente a testosterona e o seu metabdlito ativo, a DHT, exercem a maior
parte dos seus efeitos através da ligacdo AR (HE et al., 1999; HEINLEIN; CHANG,
2002; JANNE et al., 2000; LAMB et al., 2001), ou através de vias de sinalizacédo
epididiméaria andrégeno-dependente, envolvendo a MEK, quinases ativadas por
estimulos extracelulares tipo-1 e 2 (ERK 1-2) e a proteina ligante ao elemento de
resposta do AMPc (CREB) nas células do epididimo (HAMZEH; ROBAIRE, 2011).
Estudos mostram que a orquidectomia, uma técnica que consiste na remocao
do testiculo e ligacdo dos ductos eferentes, provoca grandes mudancas sobre a
morfologia e as funcdes do epididimo (BROOKS, 1976; HOFFER, 1979; FAN;
ROBAIRE, 1998; EZER; ROBAIRE, 2003; FAWCETT; TURNER et al.,, 2007),
demonstrando, assim, que a fisiologia do epididimo, em grande parte, € depende de
fatores testiculares que ndo sdo sintetizados pelo epididimo, tais como a
testosterona, produzida pelas células de Leydig. Este horménio androgénio é um
dos fatores mais conhecidos e estudados que afetam as funcdes do epididimo, tais
como o metabolismo, transporte de ions, sintese e secrecdo de proteinas do

epididimo, maturacdo, transporte e armazenamento dos espermatozoides
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(BILINSKA et al., 2006). Este horménio est4 presente no meio intraluminal dos
ductos eferentes e do epididimo, em altas concentracdes. Depois de deixar o
testiculo, através dos ductos eferentes, a testosterona € incorporada pelas células
principais do epididimo, por endocitose, pelo complexo proteico de ligacdo de
androgenos (ABP). A testosterona pode ser metabolizada rapidamente, uma vez
gue a enzima 5-alfa-redutase converte a testosterona em uma forma biologicamente
mais ativa, a di-hidrotestosterona (DHT), além disso, a aromatase-P450 converte a
testosterona em compostos estrogénicos, tais como o estradiol (E2). Ambos,
androgénios e estrogénios, tém sido relacionados a regulacdo da expressdo de
genes no epididimo (DANZO et al., 1977).

Além de testosterona, o principal horménio sexual masculino, os testiculos
também produzem estrogénios, cujas concentragcées no sistema genital masculino,
geralmente, sdo maiores do que na circulacédo geral (HESS et al., 2000). Estes séo
gerados a partir da aromatizacdo da testosterona pela aromatase citocromo-P450. A
atividade da aromatase foi detectada nas células de Leydig (HESS et al., 2001) e,
também, no epididimo de ratos (HESS et al., 1995; JOSEPH et al.,, 2011). Os
estrogénios realizam seus efeitos bioldgicos apds a sua interacdo com seus
receptores nucleares, ERa ou Erf, e reconhecimento subsequente dos elementos
de resposta estrogénica (EREs), localizados nos promotores dos genes-alvo
(JOSEPH et al., 2011).

A perda de fertilidade em camundongos ERa -/- machos demonstra a
importancia da resposta induzida por estrogénios, mediada por ERa na fungao
reprodutiva (EDDY et al., 1996). Embora exista um nuamero inferior de genes que
sdo regulados por estrogénios, em comparacdo com o numero de genes regulados
por androgénios, no epididimo de rato (ROBAIRE; HAMZEH, 2010), os estrogénios
exercem uma funcdo importante na regulacdo da expressdo de genes ligados ao
transporte de solutos e agua (HESS et al., 1997a, 2001; SNYDER et al., 2009), o
gual é essencial para a integridade do processo reprodutivo normal (HESS et al.,
1997b). Entre esses genes, 0 da expressao da AQP-9, é regulado por estrogénios
(JOSEPH et al., 2011; PASTOR-SOLER et al., 2010). Isto sugere que o equilibrio de
estrogénio e androgénio pode ser importante para assegurar as funcdes
apropriadas do epididimo.

Os receptores ERa e ERB parecem ter papéis unicos e opostos no sistema
genital (LIU et al., 2002). Embora o papel do estrogénio nos 6rgdos do sistema
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genital masculino ndo seja completamente compreendido, estudos forneceram
evidéncias de que ele exerce papel fisioloégico neste sistema, desempenhando
papéis essenciais na manutencdo de sua estrutura e funcdo (HESS et al., 2001).
Relatos apontaram que a presenga de ERa nos ductos eferentes pode ser essencial

para a absorc¢éo de fluido luminal (LEE et al., 2000).

5.5 - AQUAPORINAS

Nos epitélios dos ductos epididimarios e eferentes sdo encontrados canais de
ions, transportadores de membrana e proteinas de membrana, entre elas as AQPs,
sdo encontrados nos epitélios dos ductos eferentes e epididimario, correlacionados
com transporte e fluxo de fluidos (HERMO et al., 2011). As AQPs pertencem a uma
familia de proteinas expressadas na membrana plasmatica de diversos tipos
celulares, tais como células do tecido renal, nervoso e em glandulas enddcrinas,
dentre outras, envolvidas no transporte de fluidos (LI et al., 1994; ISHIBASHI et al.,
1997, 2000; PAGE et al., 1998; BEITZ; SCHULTZ, 1999; SHANAHAN et al., 1999;
VERKMAN et al., 2000).

As AQPs sdo uma familia de 13 pequenas proteinas integrais de membrana,
hidrofébicas (massa molecular variavel de 25 -34 kDa), agrupadas em tetrameros
(PRESTON; AGRE, 1991; KING; AGRE, 1996). Cada mondmero € constituido por
seis dominios a-helicoidais, abrangendo um poro central que permite 0 movimento
bi-direcional de agua, através do epitélio (VERKMAN; MITRA, 2000; KING et al.,
2004). A familia das AQPs, atualmente, € subdividida em dois grupos, AQPs
propriamente ditas ou ortodoxas e aquagliceroporinas. As AQPs ortodoxas,
compostas pelas AQPs 0, 1, 2, 4, e 5, sdo altamente seletivas a agua, ao passo que
as aquagliceroporinas, AQPs 3, 7, 9, e 10, sdo canais néo seletivos exclusivamente
a agua, sendo permeaveis também a ureia, glicerol e outras pequenas molécula.
Além disso, outras AQPs como as 6, 8, 11, 12, 13, podem ser encontradas nos
tecidos envolvidos com transporte de fluidos (TSUKAGUCHI et al., 1998; BORGNIA
et al.,, 1999; VAN OS et al., 2000; SANSOM et al.,, 2001; AGRE et al.,, 2002;
MORISHITA et al., 2004; YASUI, 2004; VERKMAN, 2005; ZARDOYA, 2005; HARA-
CHIKUMA; VERKMAN, 2006; WANG, et al., 2006; ROJEK et al., 2007).

As AQPs desempenham um papel essencial no transporte de agua através

da membrana plasmatica. No epididimo, o transporte de &agua contribui para a
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concentracdo de espermatozoides ao longo do epididimo (Figura 4). Esta funcéo é
critica ndo so6 para o epididimo, mas também para outras partes da via espermatica,
uma vez que a insuficiéncia de transporte de solutos e de fluido nesta via modifica
as propriedades do ambiente luminal e afeta o0os processos de maturacao,
concentracéo e transporte de espermatozoides (HESS, 2000; YEUNG et al., 2010;
ZHOU et al., 2001). Para que o transporte dos espermatozoides, ao longo da via
espermatica, seja realizado, € necessario um controle do influxo e efluxo de agua
nesta via, tornando-a um componente indispensavel para este processo.

Varios membros da familia AQP foram bem descritos no sistema genital
masculino (Da SILVA et al.,, 2006; HERMO; SMITH, 2011). No humano, foi
demonstrada expressdo abundante de AQP9 nas regibes de cabeca e corpo
epididimarios, ja a expressao AQP1 é, significativamente, maior na regido de cauda
do epididimo (THIMON et al., 2007). A expressao elevada de AQP9 encontrada nas
regides proximais do epididimo indica uma maior reabsor¢cdo de agua que ocorre

nestas regides, comparativamente ao que foi demonstrado na cauda epididimaria.

A expressao de AQP1l em células ndo ciliadas nos ductos eferentes foi
confirmada (BADRAN; HERMO, 2002), sendo a expressao de AQP1 encontrada em
oocitos de Xenopus sp. (PRESTON et al., 1992), e a incorporacdo de proteinas
purificadas em vesiculas de fosfolipidios (VAN HOEK et al., 1992; ZEIDEL et al.,
1992), o que demonstraram que AQP1 funciona como um canal de agua seletivo. A
AQP1 pode ser encontrada no epitélio dos ductos eferentes e nas células
endoteliais de canais vasculares, situados no espaco intertubular do epididimo de
ratos (BADRAN; HERMO, 2002). Além disso, importantes genes localizados no
epididimo proximal codificam proteinas membros de canais aquosos para transporte
de fluidos na regido dos ductos eferentes (PASTOR et al., 2001).
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5.6 - EIXO HIPOTALAMICO-HIPOFISARIO-TESTICULAR

Segundo Ronald (2002), o eixo reprodutor masculino é composto de seis
componentes principais: sistema nervoso central (SNC), hipotalamo, hipdfise,
testiculos, 6rgdos sensiveis aos hormonios sexuais e receptores especificos a
horménios. A via hipotalamica-hipofiséria-testicular € um sistema integrado que
assegura a secrecdo de horménios sexuais masculino e auxilia na producéo de
espermatozoides (RONALD et al., 2002).

O controle entre os componentes do eixo hipotalamico-hipofisério-testicular é
realizado por feedback endocrino. O papel do hipotdlamo na regulacdo da funcao
testicular € integrar os centros cerebrais superiores com os da periferia, € modular a
liberacdo dos principais neuropeptideos reprodutivos, o LH e/ou GnRH. O GnRH é
um estimulador da liberagdo e sintese de LH e hormonio foliculo estimulante (FSH).

A sintese de GnRH ocorre nos corpos celulares das células neurossecretoras
gue possuem projecBes axonais na eminéncia mediana do hipotalamo
(STERNBERGER; HOFFMAN, 1978). O GnRH é sintetizado como um precursor de
peso molecular maior e é transformado em (peptidio) inativo, durante o transporte
axonal (SEEBURG; ADELMAN, 1984). A liberagcdo de GnRH, pelas células
neurossecretoras hipotalamicas, € submetida ao controle neural, principalmente,
pelos neurbnios noradrenérgicos que exercem um efeito estimulador sobre a
liberacdo de GnRH (KORDON et al., 1994). No entanto, outros neurotransmissores,
incluindo serotonina, dopamina e outros neuropeptidios, também exercem efeitos
tanto estimulatérios quanto inibitérios sobre as células secretoras de GnRH. A
influéncia da luz, emocbes e olfato, sobre a funcdo reprodutiva masculina, sao
presumivelmente mediadas pela atividade desses neurbnios. Mensuracdes diretas
dos niveis de GnRH em ovelhas, indicam que esse € liberado em fracdes pulsateis;
as gonadotrofinas, também, sao liberadas num padrdo pulsatili que ¢é
correspondente com a liberacdo pulsatii do GnRH (CLARKE; CUMMINS, 1982),
fator observado também em humanos.

Tanto o LH quanto o FSH sao sintetizados a partir do mesmo tipo de célula
do parénquima glandular na parte anterior da hipofise (NAKANE, 1970). A acéo do
GnRH na sintese de LH e FSH, é realizado através da ativagdo de canais célcio-
dependentes e, também, através de proteinoquinases-C independentes (CONN,
1994). As diferencas na amplitude de frequéncia dos pulsos de GnRH podem
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modular a sintese diferencial de LH e FSH (MARSHALL et al., 1991). Em geral, as
frequéncias lentas favorecem a sintese de FSH e as frequéncias mais elevadas sao
necessarias para manter o LH. Uma vez secretada pela hipéfise, as gonadotrofinas
entram na corrente sanguinea, realizando seus efeitos bioldgicos nos testiculos
através da circulacao periférica. Nos testiculo, LH age diretamente sobre as células
de Leydig, mantendo as suas caracteristicas troficas e estimulando a
esteroidogénese (CHRISTENSEN; MASON, 1965). JA o FSH e testosterona s&o
necessarios para a manutencdo da espermatogénese, onde atuam através de
receptores especificos nas células de Sertoli e nos tubulos seminiferos
(CLERMONT; HARVEY, 1965; CUNNINGHAM; HUCKINS, 1979).

A funcdo gonadal é regulada pela secrecdo precisa e coordenada das
gonadotrofinas hipofisérias, o LH e FSH. Nos testiculos, o LH regula as
concentracdes locais e sistémicas de esteroides sexuais, além dos esteroides pelas
células de Leydig (ULLOA-AGUIRRE; TIMOSSI, 2000). As células de Leydig, nos
testiculos, sdo os locais de producdo e secrecdo do horménio testosterona, que
atraves de sua acao direta e de seus metabolitos, DHT e estradiol, proporciona um
ambiente necessario para o desenvolvimento da fungdo sexual, juntamente com o
androgeno e estrogeno que irdo agir em seus 6rgdos-alvos, tais como o cérebro,
0ss0s, musculos, figado, pele, medula 6ssea e sistema imune. As células de Sertoli
e células germinativas, nos tubulos seminiferos, atuam de forma integrada com as
células de Leydig, os hormdnios gonadotréficos da hipdfise, LH e FSH, conduzindo
a producédo normal de células germinativas. Os testiculos, através da producao de
esterdides, também fornecem os links reguladores para controlar o feedback dos

componentes do eixo hipotalamo-hipofiséario.
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Abstract

The induction of obesity, using a cafeteria diet in animal experiments, is a good tool
to study the biological processes that are affected by obesity. The aim of this study
was to evaluate the effects of obesity on the morphology and expression of AQP- 1
and AQP- 9 in the epithelia of the efferent and epididymal ducts. The animals were
randomly divided into two groups: control (CON), which received a standard diet and
water ad libitum (n = 10) up to 52 weeks of life; and the cafeteria group (CAF), which
received a cafeteria diet plus Bauducco® chocolate wafer biscuits and/or Frytbel®
bacon flavor snacks and/or Renata® vanilla and chocolate flavor cake, on a daily
basis, with degassed refrigerant, ad libitum (n = 10). The treatment with the cafeteria
diet started after the 12th week of life; all animals were killed at 52 weeks. The
efferent ducts and epididymis were collected and were processed histologically in
paraffin and subsequently subjected to immunohistochemical reactions for AQPs 1
and 9, histochemical reactions with periodic acid-Schiff (PAS), and hematoxylin/
eosin (H/E) for morphological and morphometric analyses of luminal diameter and
epithelial height, as well as the relative distribution of the principal cells basal,
apical, clear and halo of the initial segment (Si), head (C¢), body (Co) and tail (Cd) of
the epididymis. The results showed greater intensity of reaction of AQP1 in the
epithelium of the efferent ducts, and lower intensity of reaction of AQP 9 in the
epithelium of the epididymal tail of the animals in the CAF group. Changes were also

observed in the epididymal epithelium, including an increase in the number and size
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of the halo and clear cells; clear cell protrusion into the lumen; and an increase in
positive endocytic organelles. These changes can cause a profound impact on the
luminal environment and interfere with the processes of maturation, maintenance

and protection of spermatozoa, with consequences for reproduction and fertility.

Keywords: Obesity, cafeteria diet, via sperm, reproductive biology, AQP1 and
AQPO9.

Introduction

Obesity is an organic disorder that is now considered to be an epidemic; its
incidence has increased greatly, virtually across the planet, during the last 20-30
years. It is a heterogeneous disorder that can develop cardiovascular disease,
dyslipidemia, cancer and it can also affect fertility (Bowman et al., 2007; Franco et
al., 2007; Roth et al., 2008). The latter factor merits attention because the ratio of the
proportion between obesity and men in the reproductive period tripled over the last
three decades (National Center of Health Statistics, 2010).

Several studies have linked obesity and compromised spermatoza and/or semen
quality, based on analysis of the concentration, motility, morphology and chromatin
integrity of spermatozoa (Jensen et al., 2004; Fejes et al., 2005; Magnusdottir et al.,
2005; Kort et al., 2006; Qin et al., 2007; Pauli et al., 2008; Chavarro et al., 2009;
Bakos et al., 2010; Attaman et al., 2012).

It is known that the integrity of the morphology and the function of the epididymis
is androgen-dependent; it is an important factor in the regulation of the epididymal
epithelium and promoting the regulation of different proteins, glycoproteins,
glycolipids and phospholipids, as well as epididymal fluid components that are
necessary for the basic processes of via sperm (Robaire and Hermo, 1988;
Vigueras-Villasendr., 2011). The epididymis is a single, highly coiled duct that
connects the efferent ducts to the vas deferens and its main functions are: to receive
immature sperm from the testis; and to carry, mature, protect and store the sperm in
the vas deferens until ejaculation (Bedford 1966; Orgebin-Crist, 1976). Most of the
fluid (50-90%) from the seminiferous tubules and rete testis is reabsorbed in the
efferent ducts, which increases the concentration of spermatozoa by about 25 times
(Levine et al.,, 1971; Turner et al.,, 1983; Clulow et al., 1998). The process of
reabsorption in the efferent and epididymal ducts takes the sperm to maturation

because it allows the efficient interaction of products secreted by the principal cells,
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as well as the absorption of content present in the lumen for them, and moves the
fluid with the participation of essential proteins, such as carbonic anhydrase, Na* K*
ATPase and AQPs. (Robaire and Hermo, 1988; Cornwall et al, 2002; Hess et al ,
2002; Pastor-Soler et al., 2002; Verkman, 2005; Oliveira et al., 2013).

The present study assessed the effects of obesity induced by a cafeteria diet

on the efferent and epididymal ducts.

Materials and Methods

Experimental animals

All procedures were approved by the Ethics Committee on Animal Experiments and
Practical Classes (CEEAAP), Protocol No 44/09 and recorded in the Minutes no.
072009 of the State University of Western Parana (UNIOESTE), accredited with the
National Council for Control of Animal Experimentation (CONCEA), which is
consistent with the ethical principles in animal experimentation adopted by the
Brazilian Society for Laboratory Animal Science (SBCAL).

Wistar rats from the central vivarium at UNIOESTE were kept under light (12
hours light/dark cycle) and controlled temperature (26 °C £ 2 °C) in the vivarium
sector of the Endocrinology Laboratory of the Center of Biological and Health
Sciences at UNIOESTE. After weaning (4 weeks), the animals received standard
feed and water ad libitum for eight weeks. The animals were then randomly
divided into two groups: a) control (CON, n = 10), which received standard feed
and water ad libitum, and b) cafeteria (CAF, n = 10), which were fed on a
cafeteria diet plus Bauducco® chocolate wafer biscuits and/or Frytbel® bacon flavor
snacks and/or Renata® vanilla and chocolate flavor cake, on a daily basis, with
degassed refrigerant, ad libitum. At 52 weeks of age the animals in both groups
were anesthetized in a CO2 chamber and then decapitated in a guillotine. The
testis and epididymis were collected bilaterally, and then reduced to the efferent
ducts, initial segment, head, body and epididymal tail, and fixed in 10% formalin

solution.

Cafeteria diet
The cafeteria diet consisted of modified feed pellets, with the following ingredients:
37.5% standard feed, 25% roasted peanuts, 25% chocolate bar and 12.5%
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cornstarch wafer. Some additional foods such as Bauducco® chocolate wafer
biscuits, and/or Frytbel® bacon flavor snacks, and/or Renata® vanilla and chocolate
flavor cake, and degassed Antarctica® guarand soft drink were offered to this group

every day.

Table 1 - Composition of standard diet and cafeteria diet:

Composition Standard Diet Cafeteria Diet
Carbohydrate 70% 38.5%
Protein 20% 15%

Fat 10% 46.5%
Calorific value 3.8 kcal/g 5.4 kcallg

Processing of samples

Tissue samples from the efferent ducts and epididymal segments were fixed in 10%
formalin and kept in 70% alcohol; they were subsequently processed according to
routine histological techniques for paraffin embedding. After dehydration in
ascending alcohol series and diaphanization in xylene, the samples were embedded
in paraffin and sectioned using semi-sections cuts in a Leica RM2245 microtome, 5
mm thick. They were then rapidly immersed in 30% aqueous ethanol, followed by
immersion in a water bath (47°C £3°C ) for distention, and subsequently dried in an
oven (37°C 2) for 12 h. These sections were mounted on silanized slides and
intended for immunohistochemical reactions. The histological sections that were
designed for morphological and morphometric analysis were sectioned at 6 mm
thickness and were subsequently rapidly immersed in 30% aqueous ethyl alcohol,
then immersed in a water bath (47°C £3°C) for distention, and subsequently dried in
an oven (37 °C +2) for 12 h. The slides were stained with hematoxylin/eosin (H/E) or
subjected to the histochemical reaction of periodic acid-Schiff (PAS) for

morphological analysis.

Immunohistochemistry

AQP-1 and AQP-9

The expression of AQP-1 and AQP-9 in the efferent ducts and epididymal segments
were investigated by immunohistochemical reactions. The sections were subjected
to antigen retrieval, in which the slides, kept in sodium citrate buffer (pH 6.0), were

placed in a microwave oven, three times (5 minutes each), washed with phosphate
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buffered saline (PBS, pH 7.4, 0.1 M) and blocked with bovine serum albumin (BSA)
and H,O, solution 0,3% to block endogenous peroxidase. The slides were incubated
overnight in a humid chamber with the following primary antibodies: anti-AQP1 (Anti-
Aquaporin 1, Rabbit polyclonal Lot: LV1567591, AB2219, Millipoire Inc., Billerica,
Massachusetts, USA) diluted 1:200; and anti-AQP9 (Anti-aquaporin, Anti-Rat AQP9
- Cat #AQP91-a, AFF, Pure Lot #32322 8.1, Lyophilized, Alpha Diagnostic Intl. Inc.,
Woodlake Center, San Antonio, USA) diluted 1:100. After washing in PBS,
incubation was performed in a biotinylated secondary antibody (Anti-Rabbit 1gG
whole-molecule Biotin produced in goat, Spruce Street, St. Louis, Missouri, USA)
diluted 1:70, for 1 hour at 37 °C, followed by washing in PBS and revelation with
DAB. The slides were mounted with Permount® (Merck, Darmstadt, Germany) and

analyzed using Olympus® Bx 60 and Zeiss Primo Star light microscopes.

Analysis of corporeal parameters

The animals were weighed at the 12th week of life and at the 52nd week, (date of
death). The abdominal circumference and the naso-anal length were also measured
on the date of death in order to calculate the Lee index. This index was calculated by
dividing the cube root of body weight (g) by naso-anal length (cm) and multiplying
the result by 1000. The retroperitoneal and perigonadal fats were individualized, and
then evaluated for the percentage of weight in relation to the body weight of the

animals at the time of death.
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Morphological and morphometric analyses

The measurements of the luminal height and epithelial diameter of the efferent ducts
and epididymal segments, as well as the quantification of the cell types of the
epididymal segments, were made in 10 random sections of five animals from group
CON and five animals from group CAF, using the Axivision Rel 4.3.2 Program and
Image Pro Plus 6 software.



Statistical analysis

Data distribution was assessed using the D'Agostino-Pearson omnibus test. Data

with normal distribution were compared by Student's t-test, and data with free

distribution was compared using the Mann-Whitney test. The results were expressed

as mean = standard deviation using the GraphPad Prism 5.00 software.

Results

Analyses of bodily dimensions. The results showed that the cafeteria diet was

effective in inducing obesity, noted by a significant increase in body mass at the

end of 52 weeks in the animals from group CAF (Table 1).

Table 2 - Data of mean body mass (at the 12th week and the 52nd week of age), naso-
anal length, abdominal circumference, Lee index and percentage of retroperitoneal and

perigonadal fats in relation to the body weight of the animals in groups CON and CAF.

Parameters CON (n=10) CAF (n=10)
Body mass (g) - 12 weeks 389+4.0 35845.2*
Body mass (@) - 52 weeks 488+6.2 607+21*
Naso-anal length (cm) 26.2+0.2 26.1+0.3
Abdominal circumference (cm) 20.4+0.8 24.5+0.6*
Lee index 301.0+2.5 324.3+3.6*
Retroperitoneal fat (%) € 1.18+0.08 4.98+0.27*
Perigonadal fat (%) € 1.34+0.06 2.63+0.13*

(€) Retroperitoneal and perigonadal fats presented in % relative to body mass.
Data expressed as mean + standard deviation. (*) Significantly different values, p <0.05.

Quantitative analyses of the epithelia of the efferent and epididymal ducts.

Epithelial height. The results of the morphometric studies related to the epithelial

height are shown in Figure 1. They show a significant reduction in the height of the

epithelium of the initial segment, and the epididymal body and tail, of the animals in

group CAF in relation to the animals in group CON. On the other hand, the data

relating to the epithelial height of the efferent ducts and the epididymal head of the

animals in the CAF group indicated that there was no statistically significant

difference when compared with the results of the animals in the CON group (Fig. 1).
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Figure 1 - Epithelial height of the efferent ducts (n = 3), (Si) initial segment, (C¢) head, (Co) body and

epididymal (Cd) tail (n = 5). Data expressed as mean * standard deviation. (*) Significantly different
values, p <0.05.

Luminel diameter. The analysis results showed that only the efferent ducts of the
animals from the CAF group had significant difference relative to the CON group

(Fig. 2). There were no statistical differences in both experimental groups for the
other segments (Fig. 2).
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Figure 2 - Luminal diameter of the efferent ducts (n = 3), (Si) initial segment, (Cc¢) head, (Co) body

and epididymal (Cd) tail (n = 5). Data expressed as mean * standard deviation. (*) Significantly
different values, p <0.05.
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Relative distribution of cell types. The analysis of data relating to the distribution
of principal, basal, apical, clear and halo cells in the formation of the epididymal
epithelium showed a predominant distribution of principal cells in all segments of
both the animal groups, with a lower contribution of other cell types (Figs. 3A-3D).
The relative contribution of clear cells in the formation of the epithelium increased
significantly in the distal segments of both groups (Figs. 3A-3D). In the region of the
epididymal tail, in addition to the increase in the relative distribution of the clear and
halo cells, a concomitant significant reduction in the principal cells of animals in the
CAF group was observed (Fig. 3D). The analyses showed the following: a significant
increase in halo cells in the head, body and epididymal tail (Figs. 3B-3D); a
significant increase in clear cells, only in the body and tail segments (Figs. 3C and
3D); and a significant reduction in basal cells in the epididymal head of animals in
the CAF group (Fig. 3B).
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Figure 3 - Relative distribution of principal, basal, apical, clear and halo cells in the initial segment
(3A), head (3B), body (3C) and epididymal tail (3D) of animals CAF x CON (% of total). Data
expressed as mean + standard deviation. (*) Significantly different values, p <0.05.
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Qualitative analyses of epithelia of efferent and epididymal ducts.
Immunolocalization of AQP-1 in the efferent ducts. The results of the
immunolocalization of the efferent ducts showed that AQP-1 was expressed in the
epithelium of the animals of both groups (Figs. 4A and 4B), but with marked
difference in intensity; the most intense expression was observed in the efferent
ducts of CAF animals (Table 3, Figs. 4A and 4B). In the epithelial cells of the efferent
ducts of CON animals, the intensity of the reaction ranged from weak to moderate in
the apical membrane of the non-ciliated cells and it was weak in the basolateral
membranes of the non-ciliated cells (Figs. 4A and 4C). In the epithelium of the
efferent ducts of the CAF animals, the expression of AQP-1 was intense in the apical
membrane, whereas in the basolateral membrane of the non-ciliated cells the
intensity varied from strong to intense (Figs. 4B and 4D). Immunolocalization of
AQP-1 in the vacuoles of non-ciliated cells was observed in the efferent ducts of both
groups (Figs. 4C and 4D).

Table 3 - Expression of AQP-1 in the efferent ducts of CON and CAF animals*

CON CAF
AQP1
Non-ciliated cells +++ +++(¥)
Ciliated cells - -
Cells of the vascular channels ++ +4++

* The amount of signals is proportional to the intensity of the immunohistochemical reaction: (+) weak,
(+/++) weak to moderate, (++) moderate, (+++) strong, and (-) absence of marking.
(¥) Intense marking in the apical membrane, and from strong to intense in the basolateral membrane.

Immunolocalization of AQP-1 and AQP-9 in the epididymis. No reaction was
observed for AQP-1 in the epididymal epithelium in the initial segment, as well as in
other regions of the epididymis, of both groups (Table 3). However, along the whole
length of the epididymis and the efferent ducts, intense reactions were observed in
the endothelial cells of the vascular channels of the CAF animals (Fig. 4B, Table 4).
The results of the immunolocalization of AQP-9 in the epididymal ducts showed
that there were differences in intensity between the groups, with reactivity ranging
from weak to moderate in both groups in the initial segment, head and epididymal
body, and with less intense reactivity in the epididymal segments of the CAF animals

(Table 3). In the distal region of the epididymal tail there was a reduction in the
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intensity of the marking of the clear cells, as well as less intense marking in the

stereocilia of the CAF animals (Figs. 4E and 4F).

Table 4 - Expression of AQP-1 and AQP-9 in the epididymis of the CON and CAF animals*

AQP1 AQP9
CON CAF CON CAF

Cellular

Types P C CVv P C Ccv P C Ccv P C Ccv
Si - NP +++ - NP +++  +/++ NP - + NP -
Cc - - ++ - - +++ + + - + + -
Co - - ++ - - +++ + + - + + -
Cd - - ++ - - +++ +++ - + + -

* The amount of signals is proportional to the intensity of immunohistochemical reaction: (+) weak, (+/++) weak to moderate,
(++) moderate, (+++) strong, and (-) absence of marking. P, principal cell C, clear cell, CV, the endothelial cells of the vascular
channels, Si, initial segment; C¢ Head Co, body, and Cd, epididymal tail. NP indicates the absence of cell type in the region.
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Figure 4 - Photomicrographs of the immunolocalization of AQP1 in the efferent ducts (4A-4D) and
AQP9 in the epididymal tails (4E-4F) in Wistar rats. The following are indicated: the lumen (Lu),
interstitium (IT) and vascular channels (VC) of the efferent ducts (4A-4D), and the lumen of the
epididymal tail of the experimental animals (4E-4F); ciliated cells (thick arrow) and the weak to
moderate reactions in the apical membrane (arrow), and weak reactions in the basolateral membrane
of the non-ciliated cells; reactivity in the apical vacuoles of the of non-ciliated cells (circle) of the
animals (4C); ciliated cells (thick arrow) and intense positive reaction in the apical and basolateral
membranes of the non-ciliated cells (arrow) and reactivity in the vacuoles at the apex of the non-
ciliated cells (circle) of the CAF animals (4D); principal cells (P), clear cells (C) and stereocilia (thick
arrow) with intense reactivity in the epithelium of the epididymal tail (4E); principal cells (P), clear cells
(C) and stereocilia (thick arrow) with weak reactivity in the epithelium of the epididymal tail (4F).
Hematoxylin counterstain. Bar = 20 micrometres (4A-4B); Bar = 10 um (4C-4F).



Figu
(5C and 5D). The following are indicated: the lumen (Lu), and interstitium (IT) of the efferent ducts
(5A and 5B) and of the epididymal tail (5C and 5D); PAS-positive reactive endocytic organelles (thick
arrows) in the efferent ducts of the Wistar rats in the CON group (5A) and the CAF group (5B), clear
cells (C), PAS-positives in the epididymal tail of animals in the CON group (5C) and the CAFgroup
(5D); stereocilia (*) of the principal cells of the CON animals (5C) and the CAF animals(5D). PAS.
Scale bar, 10 micrometers.

Reativity to PAS. The analysis of the efferent ducts of the CAF animals showed a
lower PAS-positive reactivity in the endocytic organelles dispersed in the apical
region of the epithelial cytoplasm (Figs. 5A and 5B). The immunohistochemistry for
PAS showed changes in all the epididymal segments of the CAF animals.
Stereocilia clusters were observed with irregular, heterogeneous distribution and
lower height in the epididymal head and tail compared to the CON animals (Figs. 5C
and 5D). It was also possible to observe a greater amount of endocytic organelles,
possible lysosomes in the cytoplasm of the light cells, along the proximal tail of the
CAF animals; protrusions of the apical membrane of these clear cells were also
observed (Figs.5C and 5D).
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Discussion

Obesity rates have increased rapidly and have now reached levels that cause
concern in both developed and developing countries (Yang et al., 2005). This
increase in obesity is due, among other factors, to the intake of foods with high
concentrations of sugars and fats, and reduced consumption of foods rich in fiber
and complex carbohydrates; the essential features of a cafeteria diet (Monteiro et al.,
1995; Popkin et al., 2001).

Obesity causes systemic effects, including consequences for reproductive
processes. Studies on obesity carried out in humans can present divergent data due
to differences in lifestyles and individual behaviors (Bakos et al., 2011).
Consequently, experimental models of obesity in rodents are good tools for studying
biological processes related to its development. The model of diet-induced obesity is
particularly desirable because obese rodents and humans have similar
characteristics of obesity, including polygenic inheritance and hormonal changes
(Vigueras-Villasen®r et al., 2011).

The cafeteria diet used in the present study (West et al., 1998; Estadella et al.,
2004; Prada et al., 2005; Cesaretti et al., 2006; Von Diemen et al., 2006), resulted in
an increase in body mass, characterized by the results of the Lee index and
abdominal circumference (p <0.05). The large accumulation of visceral fat, especially
retroperitoneal and perigonadal fats, indicated that the induction of obesity by this
diet helped, in large part, to produce changes in the energy metabolism of the CAF
animals, who exhibited insulin resistance and pre-disposition to type Il diabetes
mellitus (Araujo et al., 2009, 2012).

The diet-induced obesity in the rats resulted in DNA-damaged sperm; reduced
sperm motility and fertilization capacity; increased reactive oxygen species (ROS)
(Bakos et al., 2011; Fernandez et al., 2011); apoptosis of the epididymal epithelium;
and apoptotic bodies in the lumen (Vigueras-Villasendr et al., 2011). Despite these
findings, morphological studies linking obesity induced by cafeteria diet and

reproductive processes are scarce.

The set of ducts that form the via sperm (rete testis, efferent ducts, epididymis
and vas deferens), is divided into luminal and epithelial compartments. In the latter,

the constituents change as the fluid is moved through the efferent ducts, passing
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through the epididymal segments and reaching the vas deferens. Thus, the
formation and change in the luminal fluid, in which the spermatozoa are immersed,
depends on the integrity of the epithelium and processes of absorption and secretion
by the epithelia of the efferent and epididymal ducts (Oliveira et al., 2013; Robaire
and Viger, 1995; Robaire and Hermo, 1988). Such changes are important to ensure
that there is transportation, concentration, maturity, protection, storage, and
maintenance to ensure the availability of sperm (Robaire and Hermo, 1988).

Trasler et al. (1988) were the first to use the quantitative assessment of different
cell types in the epididymis of rats as a tool for evaluating morphologic changes in
experimental conditions. The results presented in this present study, relating to the
relative distribution of different types of epithelial cells, indicate that obesity affected
the epithelial in a specific cell-segment way, shown by the significant differences
observed for the distribution of basal and halo cells in the epididymal head and tails;
the distribution of principal cells decreased only in the epididymal tails of the CAF
animals. Trasler et al. (1988) reported significant changes in the distribution of
principal and clear cells in the tail, and halo cells in the epididymal head, of animals
treated with cyclophosphamide. Serre and Robaire (1998) studied aging in rats and
they also reported segment-specific changes in the distribution of epithelial cells,
which showed changes in all the epididymal segments and all the cell types of the
studied animals. It is interesting to note that clear and halo cells are the types that
suffer most change, in a segment-specific manner, even in different experimental
treatments (Trasler et al., 1988; Serre and Robaire, 1998); a fact that was confirmed
by the present study. Trasler et al. (1988) defined them as subtle changes, because
they did not occur in a generalized way throughout the epididymis; similar to the
results obtained in the present study. Although they are subtle, it is believed that
these changes could significantly affect the physiology of the body and the quality of
luminal contents, mainly affecting the function of storage, since the greatest change
in the distribution of cell types occurred in the epididymal tail.

The increase in the relative contribution of halo cells in all the epididymal
segments, except in the initial segment, of the CAF animals, can be considered to be
a specific change. This type of cell increases in experimental conditions, such as
treatment with cyclophosphamide (Trasler et al., 1998), androgen deprivation (Moore
and Bedford, 1979a), and studies of aging (Serre and Robaire, 1998). The increase

in halo cells, attributed to the apparent activation of the immune system, suggests
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that this cell originates from lymphocytes and monocytes that are activated by
macrophages, which migrate to the epithelium (Serre and Robaire, 1998). The
position of the halo cells, close to the lumen, among the other epithelial cells,
suggests that their lysosomal contents originate from the luminal material cell which
reaches this cell by transcytosis (Serre and Robaire, 1998). The findings of the
present study are due to increases in the amount of intraluminal cellular debris,
which, in turn, are due to the change in androgens as a result of obesity; increased
cellular debris was reported in chimpanzees that were deprived of androgens
(Smithwick and Young, 2001). It is also not possible to rule out a relationship
between the increase in halo cells and the activation of the immune system as a
direct consequence of obesity, because obesity is a chronic inflammatory condition
of low intensity, which produces cytokines and/or adipocytokines through adipose
tissue (Lopes, 2007.)

The results related to the halo cells obtained in this study and other reports
(Moore and Bedford, 1979a; Trasler et al., 1988; Serre and Robaire, 1998; Flickinger
et al.,, 1990; Smithwick and Young, 2001) indicate that this cell type is a reliable
parameter with which to study the effects of experimental conditions and/or
treatments regarding the morphology of the epididymal epithelium.

The clear cells were also modified; they were distended and with large inclusion
bodies in the CAF animals. Clear cells have also shown changes in different
experimental conditions, such as castration (Moore and Bedford, 1979b), vasectomy
(Flickinger, 1972), treatment with cyclophosphamide (Trasler et al., 1988) and
cyproterone (Flickinger, 1976) and studies of aging (Serre and Robaire, 1998). In
these studies, the clear cells showed changes in their functional capacity, number
and morphology and included the following: protruding into the lumen (Serre and
Robaire, 1998; Trasler et al., 1988); generally distended and with large vacuoles
containing membranous material (Flickinger, 1972); increased lysosomes (Flickinger,
1976, 1977); and with changed absorptive capacity (Moore and Bedford, 1979b).
Organelles which are characteristic of endocytic activity, such as lysosomes,
vesicles, vacuoles, endosomes and multivesicular bodies, of clear cells, indicate a
specialized role for endocytosis (Moore and Bedford, 1979b; Robaire and Hermo,
1988). This functional role supports the hypothesis that in the epididymis of the CAF
rats, these cells probably increase, in number and volume, to make endocytosis of

cellular debris, which occurs in adverse conditions (Flickinger, 1972, 1976; Trasler et



74

al. 1988; Smithwick and Young, 2001), as well as normally making endocytosis of
the contents of the cytoplasmic droplet (Robaire and Hermo, 1988).

The analyses of epithelial height in the present study also indicated that obesity
affected the epithelium of the initial segment, body and tail of the epididymal duct.
Moore and Bedford (1979) reported that there was a regression in the epithelial
height of the epididymal head and tail in rats, due to androgen deprivation following
castration. TMF” mice have exhibited morphological defects in the testes and
epididymis, and apoptosis of epididymal cells, due to reduced serum concentrations
of androgens (Elkis et al., 2013). The development, structure and function of the
epididymis is androgen-dependent, so that when there is an androgen deficiency
there is a decrease in size and a change in function of the epididymis. Chimpanzees
deprived of androgen showed minor changes in the ciliated cells of the efferent
ducts, with reduced epithelial height and general reduction of the epithelium along
the epididymis. This reduction was primarily attributed to cytoplasmic regression, and
secondarily to the degradation of the nucleus of the principal cells ( Smithwick and
Young, 2001). In the present study, in addition to the reduction in epithelial height,
cellular disorganization, stereocilia loss, and changes similar to those reported in
other species where androgen deprivation occurred (Setty et al., 1977; Rajalakshmi,
1990; Kaur et al., 1991; Goyal, 1994) were observed. Diet-induced obesity in rodents
causes imbalance of the hypothalamic-pituitary-testicular axis (Vermeulen et al.,
1993; Vermeulen, 1996; Castro-Fernandez et al., 2000; Hammoud et al., 2008a, b;
Olivares et al., 2010; Vigueras-Villasendr et al., 2011) and has direct consequences
on the concentrations of androgens; mainly testosterone (Vermeulen, 1996;
Vigueras-Villasendr et al.,, 2011). Thus, it can be stated that the morphological
results observed in the present study possibly resulted from the effects of obesity on
androgens, because in the epididymis, which is an androgen-dependent organ,
morphological changes were noted, which were related to the epithelial height and
the distribution of cell types. Rats with diet-induced obesity had increased apoptosis
and apoptotic bodies, specifically in the head of the epididymis, results that may
have been related to decreased testosterone concentration or production of reactive
oxygen species ( ROS ) (Vigueras-Villasendr et al., 2011).

The activities of reabsorption and secretion, which are essential for the formation
and maintenance of the luminal environment suitable for sperm, depend on the

movement of fluid and its constituents through the epithelium, which involves
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essential proteins such as Na® K* ATPase, carbonic anhydrase and aquaporins in
reabsorption (Oliveira et al., 2013; Robaire and Hermo, 1988; Pastor-Soler et al.,
2002; Verkman, 2005).

AQPs 1 and AQPs 9 are expressed in the epithelial cells of the efferent and/or
epididymal ducts (Arrighi et al., 2010; Badran and Hermo, 2002; Hermo and Smith,
2011; Domeniconi et al., 2007, 2008; Oliveira et al, 2005; Oliveira et al, 2013;
Teixeira et al., 2012) and they exert transepithelial movements of water, glycerol and
urea in the epithelium (Hermo and Smith, 2011).

The results of the present study address, for the first time, the ratio of the
expression of AQPs 1 and AQPs 9 in the efferent and epididymal ducts with obesity
induced by a cafeteria diet. The reactivity of AQP1 in non-ciliated cells of the efferent
ducts was consistent with the literature; however, what is striking is the strong
reactivity in the epithelium of the CAF animals. Undernourished rats showed no
difference in reactivity for AQP1, compared to control rats (Arrighi et al., 2010). The
reactivity of AQP1 in the epididymal epithelium and vascular channels, noted in the
present study, is consistent with the literature data for rats (Arrighi et al., 2010;
Hermo and Smith, 2011), bats (Oliveira et al., 2013) and dogs (Domeniconi et al.,
2008).

The results of AQP9 reactivity in the present study are consistent with reports in
the literature for rat (Badran and Hermo, 2002; Oliveira et al., 2005; Hermo and
Smith, 2011) and other species, such as dogs (Domeniconi et al., 2007) and
frugivorous bats (Oliveira et al., 2013), but with greater reactivity in the epithelium of
the tail. The weak reactivity of AQP9 in the epithelium of the tails of the CAF animals
was the most striking difference that was observed, indicating that the expression of
AQP9 was affected by the obesity, which was induced by a cafeteria diet. Changes
in the expression of AQP9 have been reported in natural conditions and other
experimental conditions; undernourished rats showed marked differences in the
expression of the epididymal body and tail (Arrighi et al., 2010). Teixeira et al. (2012)
reported that UChA and UChB rats that were treated with alcohol resulted in
differences in expression of AQP9, mainly in the tail, with greater reactivity in the
control animals. Orchidectomy in rats (Badran and Hermo, 2002; Oliveira et al. 2005)
resulted in decreased expression of AQP-9. In natural conditions, there is less
expression of AQP9 in the epithelium of the tail of frugivorous bats during the

regression period (Oliveira et al., 2013).
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The modulation of the expression of AQP9 was initially attributed to androgens
(Pastor-Soler et al., 2002; Da Silva et al., 2006); however, studies of bat epididymis
(Oliveira et al., 2013) and orchidectomized animals, with linked efferent ducts and
replacement of androgens and estrogens (Oliveira et al., 2005; Badran and Hermo,
2002; Hermo and Smith, 2011), suggest that AQP-9 is modulated by other luminal
factors apart from androgens; thus its regulation is more complex than has been
previously reported (Badran and Hermo, 2002; Belleanée et al., 2010; Oliveira et al.,
2005).

The distribution pattern of AQP9 is distinct, probably due to the differences and
requirement needs of the metabolites in the epididymal segments (Oliveira et al.,
2013). The increased expression of AQP-9 in the epididymal tail, parallel to the
increase in luminal osmolality (Cooper and Yeung, 2003), can be considered as an
important mechanism for the maturation of sperm. Since there is a higher
concentration of sperm in the tail, the higher expression of AQP9 may indicate that
the AQP acts to maintain the hyperosmolar environment that is necessary to keep
the spermatozoa quiescent (Oliveira et al., 2013). Another consideration regarding
the increased expression of AQP-9 in the talil is the ratio of the functions of storage
and protection of spermatozoa (Hermo and Robaire, 1988; Hermo and Smith, 2011),
with high permeability to glycerol, urea, purines and other small uncharged solutes,
apart from water. Thus, one possible role of AQP9, especially in the tail of the
epididymis, is the transport of glycerol, a component of luminal fluid that is a
substrate of energy for stored sperm (Oliveira et al., 2013). High concentrations of
urea have been reported in the epididymis (Turner and Cesarini, 1983) so AQP9
must be involved in the transport of urea, removing it from the luminal environment
and promoting detoxification of the latter (Oliveira et al., 2013). These functions
attributed to AQP9, and its decreased expression in the tail, allow the speculation
that the storage and maintenance of sperm in the CAF rats could have been
impaired due to decreased transport of glycerol and the accumulation of urea in the
lumen, thereby interfering in energy intake and the detoxification capacity of the
luminal environment of the tail.

Thus, it is possible to infer that obesity induced by a cafeteria diet in rats, alters
the expression of AQP9 in the epididymal tail; contributes to changes in the
metabolic profile; alters the relative distribution of clear and halo cells; as well as

promoting changes in the morphological parameters of part of the via sperm,
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specifically, the efferent and epididymal ducts. The alterations in immunolocalization,
and protein expression in the epithelia of the efferent and epididymal ducts, such as
were observed in this study, could cause a profound impact on the Iluminal
environment and interfere with the processes of maturation, maintenance, and
protection of sperm from interference by osmolality and luminal content. Further
studies are required to elucidate the specific mechanisms by which obesity induced
by cafeteria diet affects the morphology and luminal environment of the via sperm,

as well as influences on fertility.
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9-APENDICE:
9.1 - Corante Hematoxilina—Eosina
Hematoxilina de Harris

- Hematoxilina 2,59

- Alcool Absoluto 25 ml

- Alimen de amo&nia ou potassio 50 g
- Agua destilada 500 m

- Oxido vermelho de mercurio 1,25 g
- Acido acético 20 ml

Preparo:

- Dissolver a hematoxilina em alcool, dissolver o alimen na H,0 previamente
aguecida;

- Misturar as duas solucdes e aquecer até ferver;

- Adicionar o 6xido de mercurio e resfriar, mergulhando o frasco na H-0 fria;

- Adicionar a solucao fria o acido acético e filtrar.

Eosina

- Eosina Y 1 g soluvel em H,0 Destilada;
- H,0 Destilada 100 ml.

Preparo:

- Desparafinizar (Xilol I, Il e I = 3 min);

- Hidratar (Xilol/alcool, alcool Absoluto IIl, 1 e |, &lcool 95%, 90%, 80% e 70% de 2-
3min);

- H,0 de torneira 10 min;

- H,0 Destilada 2x;

- Hematoxilina de 30 segundos a 1 minuto (padronizar);

- H,0 de torneira 10 min;

- Eosina de 5 a 7 min (padronizar);

- Lavar alcool 95%;

- Desidratar (passar na bateria de alcool e Xilol crescente).

9.2 - Reativo de Schiff
Corante:

- Levar a ebulicdo 200 ml de H,0 destilada e acrescentar 1g de fucsina basica;
- Agitar por 5 min;

- Deixar esfriar para 50 °C e filtrar;

- Adicionar 30 ml de HCI 1N e 3 g de metabissulfito de potassio (K,S,0s);

- Agitar por 1 min, acondicionar o frasco protegido da luz por 24 horas;

- Adicionar 4 g de carvéo ativado, agitar por 10 min e filtrar;
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- Estocar protegido da luz a 4 °C, o corante s6 deve ser usado apds envelhecer 72
horas e dentro de um periodo de 2 semanas.

Agua Sulfurosa: somente para o0 uso

-5 mlde HCI 1IN

- 5 ml de metabissulfito de Sédio 10% (Na,S,0,)

- 90 ml de H,0 destilada

O HCI sempre estd PA (12N), para fazer 100 ml, diluir 8,3 ml em 92 ml de H,0
destilada.

Acido periodico 0,5%:

- 0,5 g de acido periédico em 100 ML de H,0 destilada

Preparo:

- Desparafinizar (Xilol I, Il e I — 3 min);

- Hidratar (Xilol/alcool, alcool Absoluto IIl, 1 e I, &lcool 95%, 90%, 80% e 70% de 2-
3min);

- H,0 de torneira 10 min;

- H,0 destilada 2x;

- Lavar em acido periodico 0,5 % por 10 min;
- Lavar em H,0 destilada;

- Passar no Reativo de Schiff por 30 min protegido da luz (cuba envolta em papel
aluminio no escuro);

- Lavar 3x banhos &gua sulfurosa 3 min;

- Lavar H,0 torneira por 30 min;

- Hematoxilina 1 min (padronizar);

- Lavar alcool 95%;

- Desidratar.

9.3 - Tampéao PBS (Salina tamponada)

- Cloreto de s6dio — 9 g

- Tampéo Fosfato (pH 7,2 a 7,3) - 100 mi/0,1M
- Completar para 1000 ml com H,0 destilada.

Preparo:

- Misturar Cloreto de sodio e tampéao Fosfato com H,0 destilada;
- Armazenar a 4°C.

9.4 - Tampao TRIS-EDTA
- Tris-Cl - 10 ml/AM

- EDTA (pH 8.0) - 2ml/0.5M
- Completar para 1000 ml com H,0 Destilada
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Preparo:

- Misturar Tris-Cl e EDTA com a H,0 destilada;
- Esterilizar no autoclave;

- Armazenar a 4°C.

9.5 - Solucao de Formol 10%

- Formol 36-40% - 100 ml
- Completar para 1000 ml com H,0 Destilada

9.6 - Silanizag&o de laminas

Preparar 3 cubas de vidro com tampa:

- Acetona PA

- Solucdo APTS (Sigma A3648) a 4% em acetona
- Acetona PA

- 100 ml de Poly-L-lysina / 90 laminas

Preparo:

- Imerséo das laminas em acetona (cuba 1) por 2 min, esgotar muito bem o excesso
de acetona para nao diluir a solucéo de APTS;

- Imersdo em APTS a 4% (cuba 2) por 2 minutos, esgotar bem o0 excesso;

- Imersdo em acetona (cuba3) por 4 vezes, esgotar bem 0 excesso;

- Secagem em estufa, deixar esfriar e guarda-las em caixas.

9.7 - DAB

Solucéo estoque: 25mg de DAB/10ml de H,0 destilada.
Preparar em frasco escuro e filtrar na hora de uso.

Preparo:

- Tampéo 1000ml

- DAB (solucéo estoque) 24 ul

- H,0, 1ul

- Lavar em H,0 corrente 5 min e H,0 destilada 3x
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11-ANEXO B:

Author Guidelines

NIH Public Access Mandate
For those interested in the Wiley-Blackwell policy on the NIH Public Access
Mandate, please visit our policy statement

Author Guidelines

Content of Author Guidelines: 1. General, 2. Submission of Manuscripts, 3. Ethical
Guidelines, 4. Manuscript Types Accepted, 5. Manuscript Format and Structure, 6.
After Acceptance.

Relevant Documents: Colour Work Agreement Form

Useful Websites: Articles published in Anatomia, Histologia, Embryologia, Author
Services,Blackwell Publishing’s Ethical Guidelines, Guidelines for Figures.

1. GENERAL

Please read the instructions below carefully for details on the submission of
manuscripts, the journal's requirements and standards as well as information
concerning the procedure after a manuscript has been accepted for publication

in Anatomia, Histologia, Embryologia. Authors are encouraged to visit Wiley-
Blackwell Author Services for further information on the preparation and submission
of articles and figures.

2. SUBMISSION OF MANUSCRIPTS

All papers must be submitted electronically

to http://mc.manuscriptcentral.com/ahe

The use of an online submission and peer review site speeds up the decision-
making process, enables immediate distribution and allows authors to track the
status of their own manuscripts. If assistance is needed (or if for some reason online
submission is not possible), the Editorial Office can be contacted and will readily
provide any help users need to upload their manuscripts.

Editorial Office:
Iduna Haus
E-mail: iduna-haus@ethz.ch
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http://www.blackwellpublishing.com/Publicationethics
http://authorservices.wiley.com/bauthor/illustration.asp
http://authorservices.wiley.com/bauthor/
http://authorservices.wiley.com/bauthor/
http://mc.manuscriptcentral.com/ahe
mailto:iduna-haus@ethz.ch
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2.1. Online Submission
To submit a manuscript, please follow the instructions below.

Getting Started

1. Launch your web browser (Internet Explorer 6 or higher, Netscape 7 or higher,
Safari 1.2.4, or Firefox 1.0.4 or higher) and go to the journal’s ScholarOne
Manuscripts homepage (http://mc.manuscriptcentral.com/ahe ).

2. Log-in or click the “Create Account” option if you are a first-time user of Manuscript
Central.

3. If you are creating a new account.

- After clicking on “Create Account”, enter your name and e-mail information and click
“Next”. Your e-mail information is very important.

- Enter your institution and address information as appropriate, and then click “Next.”
- Enter a user ID and password of your choice (we recommend using your e-mail
address as your user ID), and then select your area of expertise. Click “Finish”.

4. If you have an account, but have forgotten your log in details, go to Password

Help on the journals online submission system
(http://mc.manuscriptcentral.com/ahe) and enter your e-mail address. The system
will send you an automatic user ID and a new temporary password.

5. Log-in and select “Author Center.”

Submitting Your Manuscript

5. After you have logged in, click the “Submit a Manuscript” link in the menu bar.

6. Enter data and answer questions as appropriate. You may copy and paste directly
from your manuscript and you may upload your pre-prepared covering letter.

7. Click the “Next” button on each screen to save your work and advance to the next
screen.

8. You are required to upload your files.

- Click on the “Browse” button and locate the file on your computer.

- Select the designation of each file in the drop down next to the Browse button.

- When you have selected all files you wish to upload, click the “Upload Files” button.
9. Review your submission (in PDF format) before sending to the Journal. Click the
“Submit” button when you are finished reviewing.

You may suspend a submission at any phase before clicking the “Submit” button and
save it to submit later. After submission, you will receive a confirmation e-mail. You
can also access Manuscript Central any time to check the status of your manuscript.
The Journal will inform you by e-mail once a decision has been made.

Manuscripts should be uploaded as Word (.doc, docx) or Rich Text Format (.rft) files
(not write-protected) plus separate figure files. GIF, JPEG, PICT or Bitmap files are
acceptable for submission, but only high-resolution TIF or EPS files are suitable for
printing. The files will be automatically converted to a PDF document on upload and
will be used for the review process. The text file must contain the entire manuscript


http://mc.manuscriptcentral.com/ahe
http://mc.manuscriptcentral.com/ahe
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including title page, abstract, text, references, tables, and figure legends,

but no embedded figures. Figure tags should be included in the file. Manuscripts
should be formatted as described in the Author Guidelines below.

Revised manuscripts must be uploaded within 2 months of authors being notified of
conditional acceptance pending satisfactory revision.

3. ETHICAL GUIDELINES

Anatomia, Histologia, Embryologia adheres to the ethical guidelines below for
publication and research.

3.1. Authorship and Acknowledgements

Authorship: Authors submitting a paper do so on the understanding that the
manuscript has been read and approved by all authors and that all authors agree to
the submission of the manuscript to the Journal. ALL named authors must have
made an active contribution to the conception and design and/or analysis and
interpretation of the data and/or the drafting of the paper and ALL must have critically
reviewed its content and have approved the final version submitted for publication.
Participation solely in the acquisition of funding or the collection of data does not
justify authorship and, except in the case of complex large-scale or multi-centre
research, the number of authors should not exceed six.

Anatomia, Histologia, Embryologia adheres to the definition of authorship set up by
The International Committee of Medical Journal Editors (ICMJE). According to the
ICMJE authorship criteria should be based on 1) substantial contributions to
conception and design of, or acquisition of data or analysis and interpretation of
data, 2) drafting the article or revising it critically for important intellectual content and
3) final approval of the version to be published. Authors should meet conditions 1, 2
and 3.

It is a requirement that all authors have been accredited as appropriate upon
submission of the manuscript. Contributors who do not qualify as authors should be
mentioned under Acknowledgements.

Acknowledgements: Under Acknowledgements please specify contributors to the
article other than the authors accredited. Please also include specifications of the
source of funding for the study and any potential conflict of interests if appropriate.
Suppliers of materials should be named and their location (town, state/county,
country) included.

3.2. Ethical Approvals

Experimental Subjects: In experiments where animals were used, authors are
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requested to give full details about the animals (source, breeding, pathogen-free,
conventional conditions, etc.) and their maintenance (standard diet, environment,
etc.). When experimental animals are used the methods section must clearly indicate
that adequate measures were taken to minimize pain or discomfort. Experiments
should be carried out in accordance with the Guidelines laid down by the National
Institute of Health (NIH) in the USA regarding the care and use of animals for
experimental procedures or with the European Communities Council Directive of 24
November 1986 (86/609/EEC) and in accordance with local laws and regulations.

All studies using animal subjects should include an explicit statement in the Material
and Methods section identifying the review and ethics committee approval for each
study, if applicable. Editors reserve the right to reject papers if there is doubt as to
whether appropriate procedures have been used.

3.3 Conflict of Interest and Source of Funding

Conflict of Interest: Authors are required to disclose any possible conflict of
interest.

These include financial (for example patent, ownership, stock ownership,
consultancies, speaker’s fee). Author’s conflict of interest (or information specifying
the absence of conflicts of interest) will be published under a separate heading
entitled ‘Conflict of interest’.

Anatomia, Histologia, Embryologia requires that sources of institutional, private and
corporate financial support for the work within the manuscript must be fully
acknowledged, and any potential conflicts of interest noted. As of 1st March 2007,
this information will be a requirement for all manuscripts submitted to the Journal and
will be published in a highlighted box on the title page of the article. Please include
this information under the separate headings of 'Source of Funding' and 'Conflict of
Interest' at the end of your manuscript.

If the author does not include a conflict of interest statement in the manuscript then
the following statement will be included by default: “No conflicts of interest have been
declared”.

Source of Funding: Authors are required to specify the source of funding for their
research when submitting a paper. Suppliers of materials should be named and their
location (town, state/county, country) included. The information will be disclosed in
the published article.

3.4 Appeal of Decision

The decision on a paper is final and cannot be appealed.
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3.5 Permissions

If all or parts of previously published illustrations are used, permission must be
obtained from the copyright holder concerned. It is the author's responsibility to
obtain these in writing and provide copies to the Publishers.

3.6 Copyright

If your paper is accepted, the author identified as the formal corresponding author for
the paper will receive an email prompting them to login into Author Services; where
via the Wiley Author Licensing Service (WALS) they will be able to complete the
license agreement on behalf of all authors on the paper.

For authors signing the copyright transfer agreement

If the OnlineOpen option is not selected the corresponding author will be presented
with the copyright transfer agreement (CTA) to sign. The terms and conditions of the
CTA can be previewed in the samples associated with the Copyright FAQs below:

CTA Terms and
Conditions: http://authorservices.wiley.com/bauthor/fags copyright.asp

For authors choosing OnlineOpen

If the OnlineOpen option is selected the corresponding author will have a choice of
the following Creative Commons License Open Access Agreements (OAA):
Creative Commons Attribution License OAA

Creative Commons Attribution Non-Commercial License OAA

Creative Commons Attribution Non-Commercial -NoDerivs License OAA

To preview the terms and conditions of these open access agreements please visit
the Copyright FAQs hosted on Wiley Author Services:
http://authorservices.wiley.com/bauthor/fags_copyright.asp and visit
http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--
License.html.

If you select the OnlineOpen option and your research is funded by The Wellcome
Trust and members of the Research Councils UK (RCUK) you will be given the
opportunity to publish your article under a CC-BY license supporting you in
complying with Wellcome Trust and Research Councils UK requirements. For more
information on this policy and the Journal’s compliant self-archiving policy please
visit:http://www.wiley.com/go/funderstatement.
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4. OnlineOpen

OnlineOpen is available to authors of primary research articles who wish to make
their article available to non-subscribers on publication, or whose funding agency
requires grantees to archive the final version of their article. With OnlineOpen, the
author, the author's funding agency, or the author's institution pays a fee to ensure
that the article is made available to non-subscribers upon publication via Wiley
InterScience, as well as deposited in the funding agency's preferred archive. For the
full list of terms and conditions, seehttp://olabout.wiley.com/WileyCDA/Section/id-
406241.html.

Any authors wishing to send their paper OnlineOpen will be required to complete the
payment form available from our website
at:https://authorservices.wiley.com/bauthor/onlineopen_order.asp. Prior to
acceptance there is no requirement to inform an Editorial Office that you intend to
publish your paper OnlineOpen if you do not wish to. All OnlineOpen articles are
treated in the same way as any other article. They go through the journal's standard
peer-review process and will be accepted or rejected based on their own merit.

5. MANUSCRIPT TYPES ACCEPTED

Original Articles: Original papers should not exceed 30 DIN A4 typewritten pages
including figures, tables and references. Summaries of original papers should not
exceed 1200 characters.

Short Communications: Short communications should not exceed 5 DIN A4
typewritten pages including figures, tables and references. Summaries of short
communications should not exceed 600 characters. Short communications may be
given priority for publication.

Reviews: Due to their nature, reviews are not limited in length per se, however
editors reserve the right to have them shortened for brevity during review.

6. MANUSCRIPT FORMAT AND STRUCTURE
6.1. Format

Language: The language of publication is English. Authors for whom English is a
second language must have their manuscript professionally edited by an English
speaking person before submission to make sure the English is of high quality. It is
preferred that manuscripts are professionally edited. A list of independent suppliers
of editing services can be found at

http://authorservices.wiley.com/bauthor/english _language.asp All services are paid
for and arranged by the author, and use of one of these services does not guarantee
acceptance or preference for publication.

Abbreviations, Symbols and Nomenclature: All measurement specifications must
follow the S.1. system. Solution concentrations are to be given in mol/l. All other
concentrations are to be given in % (volume or weight). Abbreviations of biological,
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chemical or other terms should only be employed when it is certain they are
internationally known. The full name must be stated in brackets when an
abbreviation is used for the first time in a paper.

Scientific Names: All biological, chemical, medical or other names are to be given
according to the most recent international nomenclature. In the case of substances
or reagents obtained commercially, the name and address of the manufacturer or
supplier (as a footnote) should be given the first time the product is mentioned.
Products with a trademark should be marked with ©. Names of bacteria should be in
accordance with the latest edition of Bergey's Manual of Determinative Bacteriology
(The Williams and Wilkins Co., Baltimore). Viruses should be classified and named
as recommended by the International Committee on the Nomenclature of Viruses.

Font: Names of micro-organisms and zoological or botanical names should be given
in italics.

6.2. Structure

All manuscripts submitted to Anatomia, Histologia, Embryologia should include:
Summary, Introduction, Materials and Methods, Results and Discussion, and
References.

Title Page: The following information should be given on page one of the
manuscript: the name of the institution where the work was carried out, the title of the
manuscript, the name(s) of the author(s), the address(es) of the author(s), the e-mail
address of the corresponding author, and the number of figures and tables
accompanying the manuscript.

Summary: Summaries of original articles should not exceed 1200 characters, and
those of short communications should not exceed 600 characters.

Optimizing Your Summary for Search Engines

Many students and researchers looking for information online will use search
engines such as Google, Yahoo or similar. By optimizing your article for search
engines, you will increase the chance of someone finding it. This in turn will make it
more likely to be viewed and/or cited in another work. We have compiled these
quidelines to enable you to maximize the web-friendliness of the most public part of
your article.

6.3. References

Each original paper should have a list of references which should be restricted to a
minimum. The references should be listed alphabetically according to the name of
the first author.

Every reference should be structured as follows: author or author's surname and
initials of the given name; year of publication (without brackets); title of paper; name
of the journal; volume number (bold); page numbers, e.g.:
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Gothe, R., Y. Gold and A. Kraiss, 1986: On the subspecific validity of Rhipicephalus
evertsi mimeticus DONitz, 1910. J. Vet. Med. B 33, 47-59.

Books or separate publications should be quoted as follows:

Boch, J. and R. Supperer, 1977: Veterinary Medical Parasitology. Paul Parey
Scientific Publishers, Berlin.

Reference to the quoted literature in the text should be given by putting the name(s)
of the author(s) in brackets, with the year of publication, e.g.: (Thein and Hartl,
1986).

The editor and publisher recommend that citation of online published papers and
other material should be done via a DOI (digital object identifier), which all reputable
online published material should have - see www.doi.org/ for more information. If an
author cites anything which does not have a DOI they run the risk of the cited
material not being traceable.

We recommend the use of a tool such as Reference Manager for reference
management and formatting.

Reference Manager reference styles can be searched for
here:www.refman.com/support/rmstyles.asp

6.4. Tables, Figures and Figure Legends

The number and size of illustrations and tables should be kept to the minimum
necessary.

Tables: Tables should be created using the table function.

Figures: Please note that figures will generally be reduced to fit within the column-
width or the print area. This means that numbering and lettering must still be
readable when reduced (e.g. maps) and that the scale might not correspond with the
original (microscopic pictures), thereby invalidating references to scale in the text.
These figures should include a bar the size of which is defined in the caption of the
photograph concerned. If a figure is to be cropped, please mark the lines on a
photocopy or tracing paper. Printouts should be made with a laserprinter at the
highest resolution (> 600 dpi). If artwork is to be scanned, line drawings should only
be contour drawings without halftones (shades of grey). Please do not use patterns;
rough hatching is possible.

Graphs with an x and y axis should not be enclosed in frames; only 2-dimensional
representations. Do not forget the labels and units.

Preparation of Electronic Figures for Publication
Although low quality images are adequate for review purposes, print publication

requires high quality images to prevent the final product being blurred or fuzzy.
Submit EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and
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Word Graphics are unsuitable for printed pictures. Do not use pixel-oriented
programmes. Scans (TIFF only) should have a resolution of at least 300 dpi
(halftone) or 600 to 1200 dpi (line drawings) in relation to the reproduction size (see
below). Please submit the data for figures in black and white or submit a Colour
Work Agreement Form (see Colour Charges below). EPS files should be saved with
fonts embedded (and with a TIFF preview if possible). For scanned images, the
scanning resolution (at final image size) should be as follows to ensure good
reproduction: line art: >600 dpi; halftones (including gel photographs): >300 dpi;
figures containing both halftone and line images: >600 dpi.

Further information can be obtained at Wiley-Blackwell's guidelines for figures:
http://authorservices.wiley.com/bauthor/illustration.asp

Check your electronic artwork before submitting it:
http://authorservices.wiley.com/bauthor/eachecklist.asp

Permissions: If all or parts of previously published illustrations are used, permission
must be obtained from the copyright holder concerned. It is the author's responsibility
to obtain these in writing and provide copies to the Publisher.

Colour Charges: Itis the policy of the Anatomia, Histologia, Embryologia for authors
to pay the full cost for the reproduction of their colour artwork. However, in the event
that an author is not able to cover the costs of reproducing colour figures in colour in
the printed version of the journal, Anatomia, Histologia, Embryologia offers authors
the opportunity to reproduce colour figures in colour for free in the online version of
the article (but they will still appear in black and white in the print version). Questions
concerning colour figures should be directed to the Editorial Office, Iduna Haus
(iduna-haus@ethz.ch). If an author wishes to take advantage of this free colour-on-
the-web service, they should liaise with the Editorial Office (iduna-haus@ethz.ch) to
ensure that the appropriate documentation is completed for the Publisher. Therefore,
please note that if there is colour artwork in your manuscript when it is accepted for
publication, Wiley-Blackwell Publishing require you to complete and return a colour
work agreement form before your paper can be published. This form can be
downloaded as a PDF* from the Internet. The web address for the form

is: http://www.blackwellpublishing.com/pdf/SN_Sub2000 F CoW.pdf.Please return
the Colour Work Agreement Form upon acceptance of your manuscript to the
production editor via post:

Masturah Salim

Production Editor

Journal Content Management
Wiley

1 Fusionopolis Walk

#07-01 Solaris South Tower
Singapore 138628

E-mail: msalim@wiley.com

Figure Legends: Legends for the figures should give a precise description of the
content and should not be repeated within the figure.
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Note to NIH Grantees: Pursuant to NIH mandate, Wiley-Blackwell will post the
accepted version of contributions authored by NIH grant-holders to PubMed Central
upon acceptance. This accepted version will be made publicly available 12 months
after publication. For further information, seewww.wiley.com/go/nihmandate

7. AFTER ACCEPTANCE

Upon acceptance of a paper for publication, the manuscript will be forwarded to the
Production Editor who is responsible for the production of the journal.

7.1 Proof Corrections

The corresponding author will receive an e-mail alert containing a link to a

website. A working e-mail address must therefore be provided for the corresponding
author. The proof can be downloaded as a PDF (portable document format) file from
this site.

Acrobat Reader will be required in order to read this file. This software can be
downloaded (free of charge) from the following
website: www.adobe.com/products/acrobat/readstep2.html.

This will enable the file to be opened, read on screen, and printed out in order for
any corrections to be added. Further instructions will be sent with the proof. Hard
copy proofs will be posted if no e-mail address is available; in your absence, please
arrange for a colleague to access your e-mail to retrieve the proofs.

Proofs must be returned to the Production Editor within three days of receipt.
Excessive changes made by the author in the proofs, excluding typesetting errors,
will be charged separately. Other than in exceptional circumstances, all illustrations
are retained by the publisher. Please note that the author is responsible for all
statements made in their work, including changes made by the copy editor.

7.2 Early View (Publication Prior to Print)

Anatomia, Histologia, Embryologia is covered by Wiley-Blackwell's Early

View service. Early View articles are complete full-text articles published online in
advance of their publication in a printed issue. Early View articles are complete and
final. They have been fully reviewed, revised and edited for publication, and the
authors' final corrections have been incorporated. Because they are in final form, no
changes can be made after online publication. The nature of Early View articles
means that they do not yet have volume, issue or page numbers, so Early View
articles cannot be cited in the traditional way. They are therefore given a Digital
Object Identifier (DOI), which allows the article to be cited and tracked before it is
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allocated to an issue. After print publication, the DOI remains valid and can continue
to be used to cite and access the article.

7.3 Author Services

Online production tracking is available for your article through Wiley-Blackwell's
Author Services. Author Services enables authors to track their article - once it has
been accepted - through the production process to publication online and in print.
Authors can check the status of their articles online and choose to receive
automated e-mails at key stages of production. The author will receive an e-mail with
a unique link that enables them to register and have their article automatically added
to the system. Please ensure that a complete e-mail address is provided when
submitting the manuscript. Visit http://authorservices.wiley.com/bauthor/ for more
details on online production tracking and for a wealth of resources including FAQs
and tips on article preparation, submission and more.

7.4 Author Material Archive Policy

Please note that unless specifically requested, Blackwell Publishing will dispose of
all hardcopy or electronic material submitted two months after publication. If you
require the return of any material submitted, please inform the editorial office or
production editor as soon as possible.

7.5 Offprints and Extra Copies

Free access to the final PDF offprint or your article will be available via author
services only. Please therefore sign up for author services if you would like to access
your article PDF offprint and enjoy the many other benefits the service offers.
Additional paper offprints may be ordered online. Please click on this link, fill in the
necessary details and ensure that you type information in all of the required fields. If
you have queries about offprints please e-mail offprint@cosprinters.com

Last update: April 2013
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