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Resumo

Santos, SAA. Efeitos do diabetes gestacional moderado e da reposi¢cdo com insulina
na lactacdo sobre a proéstata ventral do rato Wistar. [Dissertacdo]. Botucatu, Sao
Paulo: Instituto de Biociéncias, Universidade Estadual Paulista — UNESP, 2014,

Diabetes mellitus (DM) é uma sindrome clinica heterogénea, causada pela falta de
producdo de insulina pelas células beta pancreéticas ou pelo defeito nos receptores para
insulina nas células alvo, resultando em doenca metabdlica hiperglicémica. Diabetes
qguando associado a gravidez causa complicacBes maternas e fetais, hiperglicemia
materna estimula o crescimento, devido a maior disponibilidade de glicose no fluxo
sanguineo e pela regulacdo de fatores de crescimento. O alto peso no nascimento esta
relacionado com o risco de desenvolver resisténcia a insulina, obesidade e DM tipo 2 na
idade adulta. Apesar dos muitos estudos sobre os efeitos do diabetes nas funcdes
testiculares e fertilidade masculina, o impacto do diabetes gestacional sobre a
morfogénese e crescimento da prostata da prole masculina ainda é limitado. Desta
forma, este projeto objetivou avaliar os possiveis efeitos do diabetes gestacional no
processo de crescimento e matura¢do prostatica. Foram investigados 0s processos de
proliferacdo e morte celular por apoptose, expressao do receptor de andrégino (AR) e da
proteina de secrecdo prostateina no lobo ventral da préstata de ratos, filhos de mae com
diabetes moderado induzido em periodo gestacional. Foram realizadas analises
citoquimicas, morfométricas, imunohistoquimicas e de western blotting nos animais
sacrificados aos 60 e 120 dias de idade. A testosterona e a insulina séricas ndo
apresentaram diferenca estatistica entre 0s grupos experimentais. O peso relativo da
prostata ventral (PV) no grupo onde as mdes receberam insulina durante a lactacdo
(DGI) no dia pos-natal 120 (DPN120) foi significativamente maior do que o grupo
controle CT na mesma idade. Histologicamente, a PV do grupo onde as maes
permaneceram diabéticas durante todo o periodo (D) em ambas as idades apresentaram
reducdo nos &cinos prostaticos e aumento no estroma fibromuscular em comparacao
com 0s outros grupos em ambas as idades. A reposi¢do exogena de insulina materna
durante a lactacdo restaurou a morfologia glandular, embora no grupo DGI no DPN120,
0 estroma permanega mais espesso do que a observada no grupo de CT. N&o houve
diferenca nos indices proliferacdo celular e apoptose entre 0os grupos experimentais. No
entanto, a expressdo do receptor de androgénio (AR) foi menor no grupo D em
comparagdo com o grupo CT no DPN60. A atividade secretora foi diminuida nos
grupos D em ambas as idades. O diabetes gestacional moderado (DGM) prejudica a
maturacdo da prostata ventral durante a puberdade que leva a diminuicdo da atividade
secretora na idade adulta. A reposicdo de insulina durante a lactacdo € capaz de
restaurar a morfofisiologia glandular. Assim, os efeitos adversos do DGM na fisiologia
da prostata podem levar a uma diminuicdo do potencial reprodutivo desses animais.

Palavras-chave: Diabetes Gestacional moderado, prostata, insulina, prostata ventral.



13

Abstract

Santos, SAA. Effects of mild gestational diabetes and insulin replacement on
lactation on Wistar rat ventral prostate. [Dissertation]. Botucatu, S&o Paulo: Institute
of Biosciences, S&o Paulo State University - UNESP, 2014.

Diabetes mellitus (DM) is a clinical heterogenic, caused by []-pancreatic cell deficiency
of insulin synthesis or due to target cells-dysfunction in insulin receptor, resulting in
hyperglycemic metabolic disease. When associated with pregnancy, diabetes can lead to
increased risk for maternal/fetal. The maternal hyperglycemia stimulates the fetal
outgrow due to higher blood-glucose levels and growth factors. The high birth weight is
related to the risk of development insulin resistance, obesity and DM type 2 in
adulthood. The diabetes also affects negatively male reproductive system, mainly
accessory glands and gonads. Although the literature has been demonstrated the
influence of diabetes on testicular functions and fertility, the impact of gestational
diabetes on prostate morphogenesis and growth in male offspring is far to be elucidated.
Thus, due to the clinical importance of thematic, the aim of this project was to evaluate
the possible effects of mild gestational diabetes on the rat ventral prostate (\VVP) growth,
maturation and function at post-natal day (PND) 60 and 120. It was investigate the
general morphology, cell proliferation and apoptosis, androgen receptor localization and
expression, as well as the prostatein, an androgen-stimulated secretory protein in the VP
of male offspring from dams streptozotozin-induced moderated gestational diabetes.
The serum testosterone and insulin showed no statistical difference between
experimental groups. The VP relative weight increased in the offspring of mothers that
received insulin during lactation (GDI) on PND120. Histologically, the VP from
diabetic mother (D) showed a reduction in the lumen of acini and increased in prostatic
fibromuscular stroma. Insulin replacement during lactation restored glandular
morphology, although in the GDI group at PND120, the stroma remained thicker than
that observed in the CT group. There is no difference in cell proliferation or apoptosis
among the experimental groups. However, expression of the androgen receptor (AR) in
group D was lower compared to control (CT) at the same age. The secretory activity
was decreased in groups VP from D group at both ages. The mild gestational diabetes
impairs the VP maturation during puberty leading to decreased secretory activity in
adulthood. The insulin replacement during lactation is able to restore glandular
morphophysiology. Thus, the adverse effects of mild-GDM on prostate physiology may
lead to an impairment of reproductive potential in these animals.

Keywords: Mild gestational diabetes, prostate, insulin, ventral prostate.
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INTRODUCAO

1.1 PROGRAMACAO FETAL

O desenvolvimento intrauterino representa uma fase de alta vulnerabilidade,
portanto é sensivel a insultos tanto metabolicos quanto a agentes quimicos ambientais.
Dependendo do tipo, da dose e do tempo de exposi¢do ao insulto, as consequéncias sao
diversas, desde baixo peso ao nascimento, desvios no desenvolvimento, maior
susceptibilidade a doengas na idade adulta ou mesmo a morte. Estes eventos ocorrem
em funcdo de mudancas no padrdo de expressao de genes responsaveis por diversas vias
de sinalizacdo que atuam durante esta fase do desenvolvimento, alteracdo de
proliferacdo celular e/ou diferenciacdo celular e alteracdo na proporcdo dos diferentes
tipos celulares que constituem 6rgdos e sistemas. Tais mudancas podem levar a
alteragBes na morfologia dos tecidos e afetar de modo irreversivel o funcionamento dos
Orgdos e sistemas, bem como comprometer sua longevidade (Qasem et al., 2012). Estas
respostas adaptativas de um organismo frente a insultos durante um periodo critico de
desenvolvimento intrauterino e que afeta os érgdos de maneira irreversivel, denomina-
se programacao fetal (Barker et al., 1989). A programacdo fetal, posteriormente
também denominada developmental origin of health and disease (DOHaD), estabelece a
hipétese de que eventos ocorridos no periodo intrauterino ou perinatal sdo
“memorizados” pelo organismo em desenvolvimento através do imprinting fetal ou
neonatal (Langley-Evans e McMullen, 2010).

Dentre os possiveis insultos no periodo gestacional, o diabetes mellitus
gestacional (DMG), desde a década de 70, vem sendo relacionado com a prevaléncia de
diabetes do tipo Il e obesidade na vida adulta dos descendentes, (Dorner e Plagemann,
1994). Estudos atuais apontam que criangas expostas ao GDM tem risco aumentado de
desenvolver diabetes mellitus tipo 2 (DM2), obesidade, sindrome metabdlica entre
outras doencas crénicas na vida adulta (Lawlor et al., 2011; Crume et al., 2011;
Dabelea et al., 2008; Pettitt et al., 1993).

1.2 DIABETES
Diabetes mellitus (DM) é definido como uma sindrome clinica heterogénea,
causada pela falta de producdo de insulina pela célula beta pancreéatica ou por defeito

nos receptores para insulina nas células-alvo, resultando em doenca metabdlica
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hiperglicémica, com grande amplitude nos valores glicémicos (ADA, 2013). A etiologia
da doenca € multifatorial, sendo influenciada tanto por fatores genéticos quanto
ambientais. Dependendo da severidade da anormalidade metabdlica, o0 DM pode ser
assintomatico ou estar associado a sintomas classicos, tais como polidipsia (aumento da
ingestdo de liquidos; sede), polidria (aumento da frequéncia urinéria), polifagia
(aumento da ingestdo de alimentos) e baixo ganho de peso corporal (Kuzuya et al.,
2002).

A hiperglicemia cronica causada pelo diabetes esté associada a disfungéo e/ou a
faléncia de diferentes Orgdos e sistemas, tais como olhos, rins, sistema nervoso e
cardiovascular, podendo levar a distdrbios de consciéncia, coma e até a morte (Kuzuya
et al., 2002; ADA, 2013).

Recentemente, a IDF, sigla em inglés para International Diabetes Federation,
demonstrou que a perspectiva para 0 numero de pessoas portadoras de diabetes com
idades entre 20 e 79 anos ¢é de 371 milhGes e que 50% destes individuos desconhecem
esta condi¢cdo. O Brasil ocupa a 42 posicdo entre 0s paises com maior prevaléncia de
diabetes sendo 13,4 milhdes de pessoas portadoras, 0 que corresponde a
aproximadamente 6,5% da populacdo entre 20 e 79 anos de idade (IDF, 2012).

A classificacdo etiologica da patofisiologia do DM inclui trés tipos, sendo a
hiperglicemia um denominador comum a todos: DM Tipo 1 (DM1) (diabetes
insulinodependente), que afeta cerca de 5-10% dos pacientes, principalmente criancas e
jovens, sendo caracterizado por lesdes destrutivas das células B pancreaticas devido a
mecanismos autoimune, viral ou ambiental; DM Tipo 2 (DM2) (néo dependente de
insulina), caracterizado por uma combinacdo de diminuicdo na secrecdo e resisténcia a
insulina, que corresponde a maioria dos casos diagnosticados (90-95%), afetando
principalmente adultos e tem a obesidade como fator de risco; Diabetes Gestacional
(DMG), caracterizada pela intolerancia a glicose, principalmente diagnosticada entre a
24% e 26% semanas de gestacdo. O DMG pode persistir ap6s o nascimento e progredir
para o0 DM2 (Saito et al., 2010; ADA, 2013).

Durante o ciclo normal da vida podem ocorrer flutuagdes na sensibilidade a
insulina, sendo a resisténcia a insulina observada principalmente durante a puberdade,
(Moran et al., 1999), gravidez (Buchanan et al., 1990) e com o envelhecimento
(DeFronzo, 1979). Por outro lado, a variacdo do estilo de vida, tal como o0 aumento da
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atividade fisica (Goodyear et al., 1998) e aumento da ingestdo de carboidratos (Chen et

al., 1988) estdo associados variacdes na sensibilidade a insulina.

1.2.1 DIABETES MELLITUS TIPO 1

Os primeiros estudos envolvendo a patofisiologia do DM1 descreveram a
ocorréncia de um processo inflamatorio associado as ilhotas de Langerhans denominado
de insulite em 1965, além da deteccdo de autoanticorpos especificos no ano de 1974
(Luce et al., 2013). Embora a etiologia do DM1 néo seja totalmente esclarecida, estudos
recentes demonstram que o0 DM1 pode se desenvolver como uma doenga autoimune,
desencadeado por fatores genéticos, imunoldgicos e ambientais (Al-Mutairi et al., 2007)
que levam a destruicdo gradual das células beta-pancreaticas.

Atualmente, o DM1 é considerado a endocrinopatia mais comumente
diagnosticada durante a infancia e idade adulta, caracteriza-se pela destrui¢do gradual
das células beta pancreéaticas, o que resulta em deficiéncia na sintese de insulina e
consequentemente a hiperglicemia (Eurodiab, 2000). Dados do ano de 2007
demonstraram que aproximadamente 20 milhGes de pessoas em todo o mundo eram
portadoras de DM1, com um numero crescente de casos diagnosticado a cada ano
(ADA, 2008). Estudos epidemioldgicos demonstram uma maior incidéncia da doenca
entre os familiares de portadores da sindrome metabolica (6% em irméos contra 0,4%

na populacdo geral) (Pociot et al., 2002), o que confere um carater genético ao DM1.

1.2.2. DIABETES MELLITUS TIPO 2

O DM2, também conhecido como diabetes mellitus ndo insulinodependente é
um disturbio metabdlico caracterizado pelo elevado nivel de glicose no sangue em
fungdo da resisténcia e/ou insuficiéncia na sintese e secre¢do de insulina. Estudos
recentes demonstram que, nos ultimos 30 anos, houve um aumento crescente no ndmero
de individuos em idade reprodutiva afetados pela DM2 (Danaei et al., 2011). Uma
possivel explicacdo para estes nimeros € o aumento da incidéncia da obesidade em todo
0 mundo, uma vez que estas duas condicdes (diabetes e obesidade) estdo intimamente
associadas (Colosia et al., 2013). O aumento da prevaléncia do DM2 tem sido
relacionado ao estilo de vida contemporéneo, incluindo dieta com o alto teor de gordura
e caloria, associada ao habito de vida sedentario (Godfrey et al., 2010). A obesidade

esta associada a uma variedade de disturbios metabolicos secundarios, incluindo a



17

resisténcia a insulina, hiperlipidémica, aléem da DM2, que s&o denominados
coletivamente como sindrome metabdlica (Kopelman, 1997). A DM2 frequentemente
leva muitos anos para ser diagnosticada, pois como o aumento da glicemia é gradual, os

sintomas classicos do diabetes demoram a se manifestar (ADA, 2013).

1.2.3. DIABETES MELLITUS GESTACIONAL

O Diabetes mellitus Gestacional (DMG) é uma das complicagdes medicas mais
comumente associada ao periodo gestacional, podendo gerar complicac@es tanto para a
mde como para 0s descendentes (Buchanan et al., 2012). O aumento do numero de
mulheres acometidas pelo DMG esta diretamente relacionado a elevacao dos indices de
DM2, uma vez que dados demograficos demonstram numeros cada vez maiores de
mulheres obesas em idade reprodutiva, com potencial para desenvolver DMG
(Fontbonne et al., 1989; Chan et al., 2009; Ramachandran et al., 2010;Chen, 2011; Ma
et al, 2013).

Outro fator relevante para o desenvolvimento do DMG é que durante o periodo
gestacional ocorrem adaptacfes na produgcdo hormonal materna para permitir o
desenvolvimento normal do embrido/feto. A placenta aumenta a sintese de hormonios
que reduzem a acdo da insulina, responsavel pela captacdo e utilizacdo da glicose pelo
corpo. O péncreas, consequentemente, aumenta a sintese de insulina para compensar
este quadro de resisténcia a sua acédo. Entretanto, em algumas mulheres (3 a 8%) ocorre
queda na sintese de insulina (hipoinsulinemia), o que leva ao quadro de hiperglicemia,
caracterizando o DMG (Saito et al., 2010). A hiperglicemia materna estimula o
crescimento fetal (macrossomia), devido a maior disponibilidade de glicose no fluxo
sanguineo e pela regulacdo de fatores de crescimento (Maayan-Metzger et al., 2009),
além disso, esta maior oferta de acucares estimula a producdo de insulina fetal,
provocando hiperinsulinemia, que pode estimular o crescimento de tecidos sensiveis a
acdo da insulina (Balsells et al., 1997) (Fig. 1). O alto peso ao nascimento esta
relacionado com o risco de desenvolver resisténcia a insulina, obesidade e DM2 na
idade adulta (Nomura et al., 2005; Tannus et al., 2007; Hummel et al., 2009)
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Figura 1. A. Transporte de nutrientes através da placenta sob condi¢cdes normais; B.
Transporte de nutrientes durante o Diabetes mellitus gestacional, com ou sem
obesidade. O transporte de glicose, dependente de insulina da mae para o feto, ocorre
principalmente através de transportadores de glicose (GLUT-1, GLUT-3) e ¢
dependente de sua concentracdo. O transporte ativo de aminoéacidos também é
dependente da concentracdo, mas € saturavel. A transferéncia de corpos cet6nicos
ocorre por difusdo através da placenta. A resposta fetal a hipernutri¢do e hiperglicemia
materna difere de acordo com o gendtipo e fenotipo fetal. O aumento do aporte de
glicose da mée para o feto via placentéria induz a maior producdo de insulina fetal, e
esta hiperinsulinémia pode afetar tecidos sensiveis a insulina. TG: Triglicerideos.
Adaptado de Ma et al., (2013).

No DMG, a prevaléncia de malformacfes congénitas € de aproximadamente trés
a cinco vezes maior em filhos de maes diabéticas (Schaefer-Graf et al., 2000; Garcia-
Patterson et al., 2004), sendo a causa mais comum de morte perinatal entre essas
criangas (Casson et al., 1997; Hawthorne et al., 1997). Estudos recentes demonstraram
que a incidéncia de obesidade e DM2 é maior em filhos de maes que sofreram diabetes
gestacional, comparado a maes que tiveram gravidez normal (Padilha et al., 2007;
Maayan-Metzger et al., 2009). Além disso, quando comparados os efeitos do DMG
entre irmaos, constatou-se que aqueles nascidos apds uma gravidez hiperglicémica sédo
mais propensos a desenvolver obesidade e DM2 comparados aos que nasceram ap0s
uma gravidez normal (Pettitt et al.,, 2008; Buchanan et al.,, 2012). Estes dados

evidenciam que o DMG tem efeito direto sobre o desenvolvimento dos descendentes,
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que apresentam maior probabilidade de aumento na adiposidade e doengas
cardiometabdlicas (Metzger et al., 2009; Tam et al, 2010).

A deteccdo e controle do diabetes em mulheres gravidas podem diminuir a
gravidade das complicacdes a curto e longo prazo (Eriksson, 2009). A terapia mais
indicada para o tratamento do DMG ¢ a intervengdo nutricional, que determina reducéao
da ingestdo caldrica, limita 0 consumo de carboidratos simples e privilegia a ingestdo de
carboidratos complexos (Major et al., 1998; Buchanan et al.,, 2012). Com este
tratamento, aproximadamente 50% das mulheres afetadas por DMG alcangam valores
glicémicos normais ap6s 2 semanas. Entretanto, 10% das mulheres afetadas atingem
niveis glicémicos normais apenas apds 4 semanas, sendo que 40% ndo respondem a
intervencdo nutricional. Baseado nestes dados, a administracdo de insulina exdgena
representa a melhor forma de terapia contra a DMG. Estudos recentes tem demonstrado
que a terapia materna com insulina diminui a taxa de morbidade neonatal por reduzir a
incidéncia de nascimentos prematuros, macrossomia, sindromes respiratorias e

hiperbilirrubinemia (Durnwald, 2013).

1.2 DIABETES MELLITUS E SISTEMA GENITAL MASCULINO

Em mamiferos, o sistema genital masculino é composto pelos testiculos,
responsaveis tanto pela producéo dos gametas masculinos (espermatozoides) no epitélio
germinativo dos tubulos seminiferos, como também da testosterona, principal hormonio
esterdide sintetizado pelas células de Leydig presentes no intersticio testicular. As vias
espermaticas sdo constituidas pelos epididimos, responsaveis pela maturacdo e
armazenamento dos espermatozoides e ductos deferentes, que conduzem 0s
espermatozoides até a uretra. As glandulas acessorias (vesicula seminal e prostata)
sintetizam o fluido seminal, que juntamente com o0s espermatozoides, constituem o
sémen. O pénis é o 6rgdo de transferéncia dos espermatozoides para o interior do
sistema genital feminino. E composto pela uretra e por trés corpos cilindricos de tecido
erétil: os corpos cavernosos, localizados na parte dorsal do pénis e corpo cavernoso da
uretra ou corpo esponjoso que envolve a uretra (Junqueira & Carneiro, 2013).

Tanto o desenvolvimento como a maturagéo e funcionamento do sistema genital
masculino sdo altamente dependentes de andrégeno (Handelsman et al. 1985). Estudos
clinicos e em modelos experimentais demonstram que as células de Leydig, produtoras

de testosterona, sdo altamente afetadas pelo DM, que leva a diminui¢do na quantidade
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dos niveis de testosterona (La Vignera et al., 2009). Assim, o DM afeta negativamente
0s Orgdo genitais masculinos, especialmente as glandulas sexuais acessérias e as
gbnadas (Ribeiro et al., 2006). Estudos tém demonstrado que disfuncbes sexuais e
reprodutivas, incluindo impoténcia, reducdo da libido, prejuizo da espermatogénese,
infertilidade e diminuicdo da qualidade espermatica, alteracbes nos testiculos e
glandulas sexuais acessorias, sdo frequentemente associados com o DM no homem
(Kolodny et al., 1974; Bartak et al., 1975; Handselman et al., 1985; Vignon et al.,
1991; Ali et al., 1993; Niven et al., 1995; Baccetti et al., 2002; Ryu et al., 2003) e em
animais experimentais (King et al., 1990; Steger et al., 1990; Altay et al., 2003;
Sacarano et al., 2006; Porto et al., 2011). Um estudo recente mostrou que homens
diabéticos tém até trés vezes menos sucesso ao realizar o método de inseminacgéo
artificial, quando comparados a homens normais (Mulholland, 2011). Isto pode ser
explicado pela diminuicdo na motilidade espermética ou pelo aumento no estresse
oxidativo gerado pelo ambiente hiperglicémico, com danos ao DNA das células

germinativas.

1.4. GLANDULA PROSTATICA E O DIABETES MELLITUS

1.4.1. ASPECTOS MORFOFISIOLOGICOS DA PROSTATA

A préstata € uma glandula exdcrina acessoria do aparelho genital masculino cujo
desenvolvimento e homeostasia se encontram sob controle androgénico (Cunha et al.,
1985). Ela secreta um complexo proteolitico composto por fosfatase acida, acido citrico,
fibrinolisina, enzimas especificas e outros fatores componentes do fluido seminal
(Marker et al., 2003). Esta secrecdo € fundamental para o sucesso reprodutivo, pois
liguefaz o ejaculado além de possuir enzimas, nutrientes e gradientes idnicos que
alcalinizam o canal vaginal e garantem a motilidade dos espermatozoides (Aumuller e
Seitz, 1990). Em algumas espécies, a prostata ainda produz proteinas importantes para a
formagdo do “plug copulatério”, o qual atua como uma protecdo contra a
superfecundacdo (Cunha et al., 1987). No homem, o principal componente da secre¢édo
prostatica é o antigeno prostatico especifico (PSA), uma serina protease pertencente a
familia das calicreinas importantes para a dissolu¢do do codgulo seminal (Wang et al.,
1979).
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No homem adulto, a préstata localiza-se no compartimento subperitoneal, entre
o diafragma pélvico e a cavidade peritoneal posterior da sinfise pubica, anterior ao reto
e inferior a bexiga (Schauer e Rowley, 2011). Estruturalmente ela é encapsulada por
uma fina camada de tecido fibroelastico que lhe confere uma aparéncia nao lobulada.
Histologicamente a prostata pode ser dividida em trés conjuntos de glandulas tubulo
alveolares: 1) glandulas da zona central ou periuretrais ou da mucosa (equivalente a 5%
do tecido prostatico) 2) glandulas da zona periférica ou glandulas principais periférica
(que corresponde a 70% da glandula e é a principal zona de ocorréncia de céancer); 3)
glandulas da zona de transi¢do ou da submucosa (compreende cerca de 25% do tecido
prostatico), além de uma regido nao glandular, o estroma fibromuscular anterior (Fig.
2A). Este estroma se estende anterior e lateralmente formando uma céapsula, que separa
a prostata da gordura periprostatica (Roy-Burman et al., 2004; Valkenburg, 2011).
Enquanto as zonas periférica e de transicdo se originam do seio urogenital (UGS), a

zona central origina-se dos ductos de Wolffian (Lee et al., 2011).
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Figura 2. Organizacdo anatdmicas da prostata humana (A) e da prdstata de roedores
(B). Adaptado de Junqueira & Carneiro, 2013 e Marker et al., 2003, respectivamente.
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A prostata de roedores € composta por pares distintos de lobos: ventrais, dorsais,
laterais e anteriores (Fig 3A), sendo que os lobos dorsais e laterais sdo frequentemente
referidos como lobos dorsolaterais e os lobos anteriores sdo também conhecidos como
glandulas coaguladoras (Bosland, 1996) associadas as vesiculas seminais (Fig. 2B). Em
termos de homologia com a prostata humana, os lobos anteriores sdo homdlogos as
glandulas da zona central, enquanto que os lobos dorsolaterais sdo considerados
homologos as glandulas da zona periférica da prostata humana. Os lobos ventrais dos
roedores, apesar de ndo apresentarem homologia com nenhuma zona da prostata
humana, sdo os mais estudados, principalmente por serem os lobos de mais rapido e
facil acesso durante a coleta, por serem lobos de maior tamanho e por geralmente nédo
desenvolverem prostatite (Roy-Burman et al., 2004).

Histologicamente em roedores e humanos, a préostata é uma glandula tabulo
alveolar composta, cujos ductos, tibulos e alvéolos sdo revestidos por epitélio secretor
simples, constituido de células secretoras, basais e neuroenddcrinas, todas apoiadas em
uma membrana basal composta principalmente por colageno IV e laminina ( Nemeth e
Lee, 1996). Este epitélio é sustentado por estroma constituido por células musculares
lisas e fibroblastos, além de mastécitos, macréfagos, vasos e nervos. Ao redor destas
células estromais, existe complexa matriz extracelular (MEC) composta por fibras
colagenas, fibras reticulares, fibras do sistema elastico, proteoglicanos e diversas
glicoproteinas. O estroma €é espesso na préstata humana e mais delgado nos lobos
prostaticos dos roedores (McNeal, 1988; Nemeth e Lee, 1996).

Envolvendo este Orgdo, tem-se uma capsula fibromuscular, que confere
diferentes formas ao 6rgdo nos diversos mamiferos (Price, 1963). No rato, cada lobo
prostatico é envolto e separado do outro por um estroma delgado, composto por apenas
algumas celulas fusiformes distribuidas entre as fibras de colageno e tecido conjuntivo
frouxo, conferindo arquitetura lobada a prostata. Além disso, os diferentes lobos da
prostata do rato apresentam particularidades quanto ao padrdo de ramificagdo dos
ductos (Hayashi et al., 1991), padréo de expressao génica (Takeda et al., 1990), resposta
a hormonios (Prins et al., 1992), sintese proteica e tipo de secrecdo (Lee et al., 1990).
Outro fator a ser considerado é que cada lobo apresenta caracteristicas histoldgicas
distintas como extensas pregas epiteliais na PA, dobras menores na PDL e pregas
minimas na PV (Cunha et al., 1987).
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A PV (Fig. 2B e 3A) ¢ dividida em dois lobos (direito e esquerdo) compostos de
oito conjuntos de ductos cada um. Estes ductos se originam a partir da uretra como uma
estrutura tubular simples e se ramificam distalmente. Ao longo de sua extensdo o0s
ductos podem ser divididos nos segmentos distal, intermediario e proximal, de acordo
com a sua posicdo em relacdo a uretra. (Lee et al., 1990; Shabsigh et al., 1999).
Enquanto nas regides distal e intermediaria, as células epiteliais sdo colunares altas, na
regido proximal, estas células sdo cubicas e baixas. Células em proliferacdo sdo mais
frequentes no epitélio da regido distal, células apoptéticas sdo mais abundantes na
regido proximal e células secretoras sdo mais diferenciadas na regido intermediaria
(Nemeth e Lee, 1996). Em relacdo ao estroma, tanto na regido intermediaria como na
proximal, o tecido fibroso esta presente no espaco entre os ductos, ocasionalmente
intercalando-se com a camada de células musculares lisas que é continua na regido
intermediaria e torna-se descontinua na regido distal (Lee et al.,1990).
Independentemente da regido prostatica, todo o estroma € rico em elementos da matriz
extracelular (MEC) (Augusto et al., 2008).

A PD origina-se da base da vesicula seminal, bilateralmente (Fig 2B). Ela é
constituida por um conjunto de ductos principais, que se ramificam extensamente
formando uma estrutura arborizada. Estes ductos possuem poucas pregas € Sdo
revestidos por células colunares baixas e com menor basofilia citoplasmatica que as da
PV. Ao redor dos ductos, encontra-se um espesso estroma fibromuscular formado por 2
a 4 camadas de células musculares lisas. Na luz dos ductos, ocorre acimulo de uma
secrecdo eosinofilica, além de debris celulares. A PL, em relagdo a PD, apresenta
epitélio cilindrico simples mais baixo com nucleo basal, basofilia citoplasmatica, menos
dobras epiteliais e o estroma muito delgado. Estes I6bulos sdo frequentemente
agrupados e recebem a terminologia de prostata dorsolateral (PDL) (Roy-Burman et al.,
2004) (Fig. 3A).

A PA, também conhecida como glandula de coagulacdo, tem forma tubular e
aparéncia gelatinosa. Seu produto de secrecdo é abundante e homogéneo. As células
epiteliais sdo colunares simples, com nucleo central e podem apresentar padrédo
cribiforme devido grande quantidade de dobras do epitélio. Comparativamente, a PA
tem estroma mais desenvolvido que a PV (Fig. 3A). Além disso, as células musculares
lisas formam camadas concéntricas ao redor dos alvéolos (Roy-Burman et al., 2004).
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Figura 3. Imagem dos lobos prostaticos e sua organizagdo celular. A) Aparéncia
macroscopica e organizacdo microscopica (coloracdo em H.E.) dos pares de lobos
prostaticos do rato adulto (Marker et al., 2003). B) Esquema da organizacao celular do
epitélio e estroma prostatico do homem adulto (modificado de Czyz et al., 2012). AP,

préstata anterior; DLP, préstata dorsolateral; VP, préstata ventral.

1.4.2. Caracteristicas do desenvolvimento da prostata

O desenvolvimento da prdstata € um processo complexo que envolve maultiplas
vias de sinalizacdo, incluindo sinalizacdo enddcrina, paracrina, autdcrina e fatores de
transcricdo. Enquanto a maioria das glandulas acessorias desenvolvem-se a partir do
ducto de Wolffian (mesodermal), a prostata origina-se do UGS, uma subdivisdo da
cloaca (Marker et al., 2003). O UGS é constituido de uma camada epitelial derivada do
endoderme e estd envolvido por uma camada mesenquimal derivada do mesoderme
(Prins e Putz, 2008). Este processo de desenvolvimento ndo é determinado pelo sexo
genético, mas pela exposi¢do aos androgenos, pois tem sido demonstrado que o UGS de
fémea ou macho pode formar tecidos prostaticos funcionais, caso eles sejam
estimulados por andrégenos no periodo adequado (Takeda et al., 1986).

A formagdo da prostata inicia-se por volta do 17° dia de gestacdo em
camundongos, 18° dia em ratos e entre a 9-10 semana em humanos (Welsh et al.,
2008). Em todas as espécies, inclusive nos humanos, a glandula prostatica se
desenvolve através de um processo altamente conservado, denominado “morfogénese
de ramificacdo”, onde pequenos brotos se projetam a partir do epitélio do UGS. Em

humanos, o desenvolvimento da préstata esta completo ao nascimento, enquanto nos
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roedores a prostata é rudimentar ao nascimento, sendo a maior parte do
desenvolvimento, durante os primeiros 15 dias de vida pos-natal (DPN). Em ambos,
esse processo se estende até que a maturidade sexual seja atingida (Marker et al., 2003).

Os andrdgenos circulantes, produzidos pelos testiculos fetais masculinizam o
trato reprodutor e conduzem a formac&o glandular (Fig. 4A). Embora a testosterona (T)
seja 0 primeiro androgeno produzido pelos testiculos, é a diidrotestosterona (DHT,
forma hidroxilada da T) a principal responsavel pela morfogénese prostatica. A DHT é
produzida no UGS a partir da redugdo enzimatica de T pela 5a-redutase. Existem dois
tipos de isoenzimas 5Sa-redutase, sendo a do tipo 2 expressa na préstata, particularmente
nas células musculares lisas do estroma e nas células epiteliais basais (Steers, 2001).
Assim, sob a acdo androgénica, células mesenguimais que expressam AR invaginam da
uretra na base da bexiga para formar o mesénquima do UGS (Timms et al., 1994) (Fig.
3B). Posteriormente, as células epiteliais do UGS passam a expressar AR e em resposta
aos andrdgenos observa-se a expressdo do gene homeobox Nkx3.1 no DG15,5 e dois
dias depois surgem o0s brotos prostaticos (Timms et al., 1994). Depois do nascimento,
ocorre alongamento dos brotos e inicio da morfogénese com a formacdo dos ductos
(Prins et al., 1992). A diferenciacdo epitelial e mesenquimal estad coordenada com o
processo de ramificacdo morfogénica e ocorre no sentido proximal-distal (Prins e Birch,
1995).
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Figura 4. Desenvolvimento da prostata. A) Imagem do sistema urogenital de embrido de
camundongo no dia gestacional 16,5. Note o seio urogenital (UGS) na base da bexiga
embrionaria. Nessa fase, o epitélio do UGS ¢é visivel como uma dilatagdo na uretra
(*).Também é possivel observar o meséngquima condensado nas areas escuras ventral e

dorsalmente ao epitélio (modificado de Marker et al., 2003). B) Esquema da porcéo
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urogenital de embrido de camundongo mostrando o padrdo de brotamento prostatico.
Observe os brotos epiteliais sdlidos da prostata ventral (PV), dorsal (PD), lateral (PL) e
anterior (PA). A seta aponta ramificacdo lateral a partir dos brotos iniciais. No estroma
adjacente observa-se as células sofrendo citodiferenciacdo no sentido proximal-distal e o
mausculo liso envolvendo a porcdo proximal dos ductos prostaticos (Timms e Hofkamp,
2011).

O padrdao de ramificacdo é complexo e lobulo-especifico, sendo que este
processo inicia-se no DPN3-5 na prostata ventral (PV) e dois dias depois na prostata
dorsolateral (PDL). Concomitantemente, as células mesenquimais prostaticas
condensam-se ao redor dos brotos (Fig. 4B), forma-se uma camada periductal de células
musculares lisas enquanto as células interductais diferenciam-se em fibroblastos
(Hayward et al., 1997). Em seguida, tem-se inicio o processo de luminizagdo (formacao
do lumen) atingindo as extremidades distais dos ductos no DPN12. Outro processo
importante que ocorre entre os DPN10-15, é a diferenciacdo funcional das células
epiteliais luminais (Prins e Birch, 1995), sendo que em roedores, as proteinas de
secrecdo prostaticas sdo detectaveis a partir do DPN20 e tornam-se mais abundantes
concomitantemente ao aumento dos niveis séricos de testosterona (Marker et al., 2003),
sendo o processo de maturacdo completado com a puberdade (DPN25-40) (Hayashi et
al., 1991).

Os eventos de proliferacdo e diferenciagdo celular que levam a morfogénese
prostatica sdo regulados pela expressdo de genes em uma sequéncia espacial e temporal
precisamente coordenada. Destes processos participam varias familias génicas, sendo as
principais: Sonic Hegdge Hog (Shh), Proteina Morfogenética Ossea (BMPs), Fator de
Crescimento Derivado de Fibroblasto (FGF) e a familia génica Wingless-Related
MMTYV Integration site (Wnt). Sabe-se que o desequilibrio na expressdo destes genes
esta relacionado a varios desvios no desenvolvimento e a carcinogénese (Huang et al.,
2009). Além disso, também participam da morfogénese prostatica diferentes
polipeptideos como os fatores de crescimento homologos a insulina (IGFs), fatores de
crescimento fibroblasticos (FGFs), fatores de crescimento e transformacdo (TGFs) e
fatores de crescimento do endotélio vascular (VEGFs) (Reynolds e Kyprianou, 2006).
Recentemente, foi demonstrado que a prostata apresenta receptores para horménio do
crescimento (GHR) e que disturbios nessa via de sinalizagdo estdo relacionados tanto a
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problemas no desenvolvimento, quanto a alteragdes na susceptibilidade da prostata a
desenvolver lesbes na idade adulta (Wang et al., 2008).

A glandula prostatica totalmente formada é composta por diferentes tipos
celulares que constituem o parénquima secretor e o estroma fibromuscular (Berry et al.,
2008). O epitélio secretor é constituido por duas camadas morfologicamente definidas,
as camadas luminal e basal (Fig. 3B), que podem ser distinguidas pela expressdo
diferencial de citoqueratinas (CK) e antigenos de superficie (CD) e/ou a expressédo
conjunta desses. Nestas camadas observam-se as células basais, luminais ou secretoras e
neuroenddcrinas (Miki, 2009). H& ainda a possibilidade de se distinguir as celulas
prostaticas nos subtipos: células de amplificacdo transitoria (transit-amplifying cells) e
as células intermediarias. Estas ultimas podem expressar, numa fase transitoria,
citoqueratinas comuns as células basais e luminais (Hudson et al., 2001). Experimentos
envolvendo ablacdo androgénica seguida de restauracdo hormonal em roedores também
sugerem a existéncia de uma populacédo celular de vida-longa e autorenovavel que sdo
responsaveis pela manutencdo e homeostasia da glandula. Esta populacdo denominada
de stem cells esta presentes tanto no epitélio prostatico de roedores quanto na prostata
humana (Lukacs et al., 2010; Hu et al., 2011).

O desenvolvimento de 6rgdos como a prdéstata, Utero e glandulas mamarias, que
sdo formados por um epitélio parenquimal, depende de uma interacdo epitélio-
mesenquimal (Cunha et al., 2004). Essas interacbes sdo importantes em diversos
estagios da morfogénese, na diferenciacdo celular, na manutencdo da diferenciacdo do
epitélio e na funcédo geral dos epitélios glandulares (Hall, 1978; Hay, 1981; Vilamaior et
al., 2000; Taboga et al., 2009) (Fig. 5).
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Figura 5. Interacdo entre o epitélio e 0 estroma na prostata (Taboga et al., 2009). FGF-b,
fator de crescimento beta; DHT, dihidrotestosterona; NO, 6xido nitrico; FGF (fator de
crescimento fibroblastico; PSA, antigeno prostatico especifico; I célula basal; 1l célula
em divisao.

Os fatores de crescimento produzidos no estroma exercem influéncia paracrina
sobre as ceélulas epiteliais adjacentes, através da ligacdo com seus receptores
especificos. O epitélio, por sua vez, € estimulado a secretar polipeptideos que irdo
promover crescimento estromal (Reynolds e Kyprianou, 2006). Assim, os fatores de
crescimento e seus receptores atuam como mediadores da interacdo bidirecional entre o
epitélio e o estroma, a qual também envolve sinais providos por proteinas da matriz
extracelular (MEC) e pelos receptores intracelulares de hormonios esteréides (Chung et
al., 2005).

O compartimento estromal é formado por um arranjo complexo de células,
incluindo as células musculares lisas, fibroblastos e miofibroblastos, mastocitos,
macrofagos células endoteliais e pericitos, nervos e vasos sanguineos. Ao redor destas
células estromais, existe uma complexa MEC os quais provém sinais biol6gicos gerais e
exercem influéncias sobre as celulas epiteliais (Marker et al.,, 2003). A matriz

extracelular (MEC) é uma rede de proteinas fibrilares, glicoproteinas adesivas e
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proteoglicanos, sendo também um reservatorio de fatores de crescimento ativos e
latentes (Tuxhorn et al., 2001)

1.4.3 EFEITOS DO DIABETES MELLITUS NA GLANDULA PROSTATICA

Nos Ultimos anos, a prostata, tem despertado grande interesse médico-cientifico
pela alta incidéncia de doencas, principalmente a hiperplasia prostatica benigna (HPB) e
o cancer (CaP), que é a segunda causa de 6bitos por cancer entre homens. Estima-se que
aproximadamente 240 mil americanos tenham sido diagnosticados com CaP em 2011 e
que 34 mil pessoas tenham morrido em decorréncia da doenga (Dasgupta et al., 2012).
No Brasil, o cancer de prostata é o segundo mais comum entre 0os homens. Estimativas
do Instituto Nacional do Cancer apontam para mais de 60 mil novos casos
diagnosticados em 2012, com numero de mortes proximo de 13 mil individuos
(http://www.inca.gov.br).

Considerando a dependéncia androgénica prostatica e o conhecido efeito da
diabetes em diminuir os niveis circulantes de andrégeno (ElI Baba & Azar, 2013),
estudos tém demonstrado que a funcdo, morfologia, histologia e ultraestrutura da
glandula prostatica sdo alteradas pelo diabetes em modelos experimentais (Cagnon et
al., 2000; Carvalho et al., 2003; Ribeiro et al., 2006). Em um recente estudo, Pei et al.
(2013) demonstraram reducdo do volume de secrecdo prostatica em ratos diabéticos.
Estes autores associaram este resultado a diminuigdo da expresséo das aquaporinas 1, 3,
4 na proéstata ventral. A analise da prostata anterior de camundongos espontaneamente
diabéticos NOD (non-obese diabetic) e induzidos com aloxana C57BL/6J, mostrou
espessamento do estroma, atrofia das celulas epiteliais secretoras e desorganizacao das
organelas envolvidas em processos secretorios (Carvalho et al., 2003), evidenciando
drésticas mudancas morfoldgicas e prejuizo da funcdo glandular. Da mesma forma,
Ribeiro et al. (2006), analisando a prostata ventral de camundongos NOD, verificaram
reducdo da area epitelial e aumento do estroma, com hipertrofia das fibras musculares e
colagenas. Estudos realizados em nosso laboratorio evidenciaram que o diabetes
promove reducdo do crescimento prostatico, reducdo da fragdo do parénquima e
aumento do volume da fracdo estromal (Porto, 2011). Recentemente, Gobbo, (2012)
demonstrou que o diabetes induzido por estreptozocina em ratos adulto-jovens levou a
diminuicdo dos niveis circulantes de testosterona, assim como proliferacdo celular e

marcacao para receptor de androgeno na prostata ventral de ratos.
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1.5. INSULINA EXOGENA E PROSTATA

Vaérios estudos recentes tém demonstrado os efeitos negativos do DM sobre a
prostata em modelos de roedores (Cagnon et al., 2000; Carvalho et al., 2003; Ribeiro et
al., 2006; Porto et al., 2011; Gobbo et al., 2012). Em sua maioria, estes resultados séo
associados a diminuicdo de testosterona induzida pelo DM. Entretanto, a insulina
também exerce efeito anabolico e mitogénico nos vertebrados que possuem receptores
para insulina (IR) (Kahn 1985). Neste sentido, além da reducdo dos niveis de
testosterona, a reducdo dos niveis de insulina induzida pelo diabetes também esta
relacionada a atrofia prostatica e diminuicdo do volume de secrecdo. Porto et al. (2011)
relataram que o tratamento com insulina exdgena, consegue restaurar efeitos adversos
da hiperglicemia na prostata de animais com diabetes severo. Em outro experimento,
Vikram et al, (2010), demonstraram que ratos machos castrados e diabéticos que
receberam administracdo de testosterona ndo obtiveram total recuperacao prostatica, ao
passo que quando estes animais foram tratados com testosterona e insulina, ocorreu
completa recuperagdo glandular. Estes dados demonstram a necessidade de interagéo
entre testosterona e insulina para a manutencéo da morfofisiologia prostatica.

Considerando os efeitos anabolicos da insulina sobre a prostata, associado ao
fato de o inicio do desenvolvimento prostatico ocorrer durante o periodo fetal, recentes
estudos tem demonstrado que o DMG pode levar a disfuncdo vascular na placenta
(Padilha et al., 2007; Maayan-Metzger et al., 2009) que aumenta a geracdo de
moléculas pro-inflamatdrias e o estresse oxidativo no microambiente uterino, causando
danos sistémicos que afetam o desenvolvimento em filhotes de mées diabéticas
(Lorenzoni et al., 2013).

Assim, a administracdo de insulina @ méaes que desenvolvem DMG tem por
objetivo um bom controle glicémico, o que diminui os riscos de complicacdes
perinatais, tanto para a mde como para o0 recém-nascido. Whitmore et al., (2012)
demonstraram que a insulina exdgena administrada as gestantes diabéticas foi detectado
no leite materno. Estes resultados demonstram que a insulina administrada as gestantes
pode ser transportada até o leite materno, uma vez que estes autores ndo detectaram
sintese de insulina na glandula mamaria, entretanto estes dados diferem da literatura
vigente, que considera a insulina um peptideo grande para ser secretado no leite (Berlin
et al., 2005; Hale et al., 2003).
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Além disso, Whitmore et al., (2011) sugerem que a insulina ingerida na amamentacao
pode passar pelo trato gastrointestinal e ser transportada para o sangue e ainda assim
exercer seus efeitos biologicos. Neste sentido, os efeitos benéficos da terapia com
reposicdo de insulina para o feto/recém-nascido pode ser devido ao efeito direto da

insulina sobre os tecidos alvos.

2. JUSTIFICATIVA E RELEVANCIA DO TEMA PROPOSTO
A prostata é o 6rgdo mais frequentemente acometido por neoplasia no

homem. Além disso, a fundamental participagdo da prostata no processo reprodutivo
tem motivado estudos sobre a biologia celular, molecular e endocrinologia desse 6rgéo.
Devido as conhecidas alteracdes metabdlicas causadas pelo diabetes gestacional, e a
influéncia do ambiente intrauterino sobre a origem de doencas na idade adulta,
acreditamos ser extremamente relevante avaliar os efeitos do diabetes gestacional
moderado, assim como as repercussdes da administracdo exdgena de insulina as ratas
lactantes sobre a prostata dos filhotes machos.

A préstata ventral ndo apresenta homologia com a prdstata humana, entretanto, é
o principal 6rgdo alvo de investigacdo além de ser a mais responsiva a modulacdo
hormonal (Prins et al., 2001).

3. OBJETIVOS

3.1 OBJETIVO GERAL

Este estudo tem por objetivo, investigar os efeitos do Diabetes mellitus tipo 1
gestacional moderado e o tratamento com insulina exdgena durante a lactacdo sobre a
histofisiologia do lobo ventral da glandula prostatica na puberdade e na idade adulta na

prole masculina de ratos wistar.

3.2 OBJETIVOS ESPECIFICOS

- Avaliar os efeitos do DMG moderado e a reposi¢do materna com insulina durante a
lactacdo sobre o ganho de peso da prole masculina.

- Avaliar se 0 DMG moderado e a reposi¢do insulinica materna na lactacdo alteram os

niveis séricos de T e insulina na prole de machos;
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- Investigar se os ratos, filhos de mdes diabéticas, apresentam alteracdo de peso
corporeo, peso do lobo prostatico ventral e peso testicular;

- Avaliar os efeitos do DMG moderado e a reposi¢do insulinica materna na lactacédo
sobre os parametros morfoldgicos e morfométrico do lobo prostéatico ventral, como
altura do epitélio secretor, area de colageno, volumes relativos e absolutos do
parénquima e estroma prostatico;

- Investigar se a DMG moderado e a reposicéo insulinica materna na lactacao interfere
nos indices de proliferacdo e morte das células epiteliais da PV na prole masculina aos
60 e 120 dias de idade;

- Analisar se a DMG moderado e a reposi¢do insulinica materna na lactacdo altera a
localizacdo e a expressdo proteica tecidual de receptor de androgeno (AR);

- Analisar se a DMG moderado e a reposicao insulinica materna na lactacdo altera a
localizacdo e a expressdo da proteica de secrecdo prostatica prostateina.

4. RESULTADOS

Os resultados obtidos desta dissertacdo estdo no capitulo 1 apresentado na forma
de artigo cientifico:
4.1 CAPITULO I: Mild gestational diabetes impairs ventral prostate maturation and

decrease secretory function in wistar rat.
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Abstract

Aims: To investigate whether mild gestational diabetes mellitus (GDM) followed or not
by maternal insulin replacement affects the ventral prostate (VVP) structure and function
in male offspring at puberty and adulthood. Main Methods: Pregnant rats were divided
into 3 groups: Control (CT); Streptozotocin (STZ)-induced diabetics (D); and D plus
insulin replacement during lactation (GDI). The male offspring from different groups
were euthanized at post-natal day (PND) 60 and 120. Biometrical parameters, hormonal
levels and prostates were harvested. Key findings: Mild-GDM promoted reduction in
the glandular parenchyma and increases collagen deposition. Insulin replacement during
lactation restores the VP morphology. Most importantly, mild-GDM decreases the
androgen induced secretory function, as determined by prostatein expression, whereas
insulin replacement reverts this effect. Significance: Our results show that mild
gestational diabetes mellitus impairs the ventral prostate maturation during puberty
leading to decreasing of secretory activity in adulthood. Insulin replacement during
lactation is able to restore the glandular morphophysiology. Thus, the adverse effects of
mild-GDM on prostate physiology may lead to an impairment of reproductive potential

in these animals.
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Introduction

Epidemiological and experimental studies have demonstrated that an adequate
intrauterine microenvironment is essential for embryo/fetal development and adverse
stimulus occurring during pregnancy and/or early infancy can permanently change the
offspring body structure, physiology and metabolism, increasing the susceptibility to
lifetime risk of obesity and several cancers, including breast and prostate (Barker, 1997,

Ozzani et al., 2004; Langley-Evans et al., 2012; Rinaldi et al., 2013).

Different experimental models have been used to investigate the effects of
intrauterine environment in the offspring development. These include exposition of
dams to low protein diet (Rinaldi et al., 2013), global nutrient restriction (Garofano et
al., 1997) and experimental-induced gestational diabetes mellitus (Amorim et al., 2011;
Damaceno et al., 2011). Particularly, recent data have demonstrated that gestational
diabetes mellitus (GDM), a growing problem worldwide, can induce adverse maternal,
fetal, and/or neonatal outcomes, leading to long-term complications in offspring of
diabetic mothers (ADA, 2013). The adverse effect of GDM may be largely due to the
growth-promoting effects of fetal insulin which is produced in response to the high
levels of maternal glucose (Catalano & Hauguel-De Mouzon, 2011). Thus, infants of
poorly controlled diabetic mothers have increased risk of perinatal mortality and
morbidity, including cardiomyopathy, macrosomia, hypoglycemia, hypocalcemia, and
respiratory distress syndrome (Moley et al., 1991; Nold & Georgieff, 2004; Katkhuda et
al., 2012). Fortunately, studies have shown that appropriate managements such as

dietary, moderate exercise, oral hypoglycemic agents and insulin therapy could reduce



36

the risk of complications and improve maternal and neonatal outcomes (Lehnen et al.,

2013).

Human studies that explore mechanisms responsible for changes caused by
diabetes are limited not only for ethical reasons but also by the many uncontrollable
variables (diet, socioeconomic factors, nutrition, and genetic factors) that can alter the
intrauterine environment and increase congenital malformations. In view of this, there is
a need to develop a suitable animal model (Lopez-Soldado & Herrera, 2003). An ideal
experimental model of gestational diabetes should have normal glycemia levels before
gestation but glucose intolerance and impaired insulin secretion and/or function after
mild pregnancy, which leads to alterations in both glucose and lipid metabolism in the

mother and consequently in the fetus (Damaceno et al., 2011).

There are models that have been developed to reproduce the clinical conditions
of type-2 and gestational diabetes. In laboratory animals, these are classified as mild
diabetes (glycemia between 120 and 300 mg/dL) (Saito et al., 2010). Although the
evidences that GDM interferes with offspring health, there is few data on the effect of
GDM on reproductive function of male offspring (Amorim et al., 2011) especially those
involving the prostate, a fundamental accessory in the reproductive biology. The
prostate secretes different nutrients that partly compose seminal fluid, which is essential

for sperm motility and nutrition (Untergasser et al., 2005).

Prostate development involves a complex and coordinate cascade of events,
where steroids hormones, growth factors and insulin signaling pathway have a pivotal
role (Reynolds & Kyprianou, 2006). In humans, the prostate development occurs during
the second and third trimester and is complete at the time of birth (Lowsley, 1912;

Prins, 1993). In contrasts, rodent prostate, which is rudimentary at birth, undergoes the
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majority of its development during the first 15 days of life. In the rat, the prostate
formation begins at fetal day 18.5 in a 21 day gestation strain (Hayashi et al., 1991). At
birth, the ventral, dorsal, and lateral rodent prostate lobes primarily consist of
unbranched, solid elongating buds or ducts and subsequent outgrowth and patterning
occur postnatally. In this scenario, the prostate development potentially can be affected
by GDM-induced hyperinsulinemia in utero, since insulin participates into the signaling

pathway during prostate development.

In the present study we examined the male offspring exposed to mild GDM
during the last-half of pregnancy to determine whether mild GDM disturbs VP
glandular morphophysiology in Wistar rats at two important phases: growth and
maturation. Our results demonstrated that mild GDM impairs the VP parenchyma
maturation. This result is associated with an increase in the fibromuscular stroma
compartment. Functionally, the reduction in the VP parenchyma decreased the glandular
secretory activity, as demonstrated by low expression of prostatein. Insulin replacement
was able to partially restore the morphology and secretory function of the ventral

prostate.

Material and Methods

Adult female (90 days of age, n=24) and male (90 days of age, n=10) Wistar rats
were obtained from the Central Stock breeder at the State University of Campinas-
UNICAMP (Campinas, SP, Brazil). The animals were maintained under controlled
temperature conditions (22 to 25°C), relative humidity (55%), and a 12h photoperiod

(light period beginning at 7a.m.). The animals had free access to water and chow. The
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experimental protocol followed the Ethical Principles in Animal Experimentation
adopted by the Brazilian College of Animal Experimentation (COBEA) and was
approved by the Commission of Ethics in Animal Experimentation (CEEA) at the

Institute of Biosciences at Botucatu (protocol no. 474/2013).

Virgin female Wistar rats (90 days old) were mated overnight with established
male breeders, and the day on which spermatozoa were present in a vaginal smear was
designated as gestational day 0 (GDO0). Mild gestational diabetes was induced in
pregnant rats on DG10 with STZ (SIGMA Chemical Company, St. Louis, MO)
administered intravenously (i.v.) into the caudal vein. The DG10 was chosen by
mimicking the 3" trimester of human gestation, period in which pregnancy develops
GDM (Damaceno et al., 2011). Glycemia was determined by collecting one drop of
blood of the distal part of the rat tail and depositing it in glucose oxidase reagent strips,
which were read in a specific glycosimeter (One Touch Ultra - Johnson &Johnson®).
Only diabetic female rats with blood glucose levels between 120 and 250 mg/dL were

included in this study (Damaceno et al., 2011).

The animals were then randomized into three experimental groups: Control
group (CT) received only citrate buffer; Gestational Diabetes group (D) received STZ
(SIGMA Chemical Company, St. Louis, MO) in a single dose of 30 mg/kg dissolved in
citrate buffer (0.1 M, pH 4.5) (Steger, 1990; Porto et al., 2011); and Gestational
Diabetes plus Insulin Replacement (GDI) received the same treatment of D and was
administrated with insulin (3ui, subcutaneously injected) for 11 consecutive days. This
protocol was adopted to diminish the effects of diabetes during lactation in the GDI

group (Lehnen et al., 2013).
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After birth, all groups (mothers and offspring) had free access to normal protein
diet for the remainder of the study. The birth weight and anogenital distance (AGD) of
male pups were measured on post-natal day one (PND1). At 72h post-birth, the litter
size was standardized to eight pups (the gender ratio was kept as close to 1:1 as
possible) per dam for both the CT and D groups. This procedure maximizes lactation
performance (Fischbeck & Rasmussen, 1987). At PDN 22 the littermates were weaned
and housed in isosexual groups. Post-weaning, body weight and food intake of the pups
were measured weekly throughout the duration of the study. On PND60 and 120
male rats (n=12/group) were weighed and euthanized by decapitation. Blood samples
were collected from ruptured cervical vessels. The ventral prostate (VP) lobes were

removed, weighted, and processed for histology and biochemical analyzes.

Hormone assay

For testosterone and insulin measurement, blood samples (n=12) from each
animal were collected at the time of euthanasia. Serum was obtained after centrifugation
(2400%g, 20 min) and stored at -20°C. The concentration of the testosterone was
determined by chemiluminescence (VITROS ECi-Johnson and Johnson Ultra-Sensitive
Chemiluminescence analysis) using specific reagents (Johnson and Johnson
Orthoclinical). The sensitivities of this assay were 0.02 and 0.04 ng/mL. The insulin
measurement was performed in serum by ELISA following the protocol of the
manufacturer (Millipore-Rat Insulin). The sensitivities of this assay were 0.02 and 10.0

ng/mL.
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Histological procedures, stereological and morphometrical analysis

The prostatic lobes were fixed by immersion in 4% buffered formalin for 24h,
dehydrated in a series of graded ethanol and embedded in glycol methacrylate resin
(Leica Historesin embedding Kit), or they were clarified in xylene and embedded in
Paraplast (Sigma Co, Saint Louis, MO). The resin sections of 3um were obtained and
stained with hematoxylin-eosin (H&E) for morphological and morphometric-
stereological analyses. Paraplast sections of 5um were stained with picrosirius for
collagen fibers (type | and type 1l collagen fibers) and stereological analysis (Junqueira
et al., 1979).The sections were analyzed in a Leica DMLB 80 microscope connected to
a Leica DC300FX camera under normal and polarized light. The digitalized images,
obtained by using the image analyzer Leica Q-win software Version 3 for Windows,

were used for morphometric-stereological analysis.

The mean of epithelial heights of the prostatic lobes was determined from a total
of 1200 random measurements, at 10 different points, in 20 different fields (40X) and
from six different animals (sections stained by H&E). The mean of the collagen fibers'
volume in the prostatic lobes was determined by a red color automatic detection, in 10
different microscopic fields (20X) and from 10 different individual prostatic lobe
sections. The collagen volume was determined as a percentage of red-stained areas per
total prostatic area. To determine the relative proportions of the prostate components
(epithelium, stroma and lumen) stereological analysis was carried out using Weibel et
al. (1966) multipurpose graticulate with 130 points and 60 test lines. Random
measurements were performed in 10 different fields (20X) and from six different
individual prostatic lobe sections. The relative values were determined by counting the

coincident points of the test grid and dividing them by the total number of points. To
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avoid erroneous interpretations of the morphometric data, all measurements were made
in the intermediate regions of the prostate lobes, which represent the major portion of
the prostatic ductal system in rats (Lee et al., 1990 and Nemeth & Lee, 1996). Image
acquisition, all quantitative measurements, and the identification of animal and
experimental groups were performed in a blind manner by two independent

investigators.

Immunohistochemistry

Sections of Paraplast® embedded prostates of 4um were collected on silanized
glass. Antigen retrieval was achieved using a decloaker for 20min. After washing, the
slides were blocked with 3% hydrogen peroxide in methanol for 20min followed by 3%
bovine serum albumin (BSA) in PBS for 1h at room temperature. Slides were then
incubated with monoclonal anti-rat-Ki-67 antibody (clone MIB-5, Dako, Carpinteria,
CA), polyclonal rabbit anti-androgen receptor (AR) antibody (Santa Cruz
Biotechnology, CA, USA), rabbit anti-Prostatein (AbDsorotec, Kidlington, UK) diluted
in 1% BSA in PBS and incubated overnight at 4°C. After washing with PBS, the slides
were incubated for 1h at room temperature with goat anti-mouse 1gG-HRP or goat anti-
rabbit 1gG-HRP antibody (Santa Cruz Biotechnology, CA) diluted 1:200 in 1% BSA in
PBS. Chromogen color development was carried out with 3,3’-diaminobenzidine
tetrahydrochloride, slides were counterstained with Harris's hematoxylin. Negative

control was performed by omitting the primary antibody incubation step.
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In situ cell apoptosis detection by TUNEL assay

Apoptosis detection was based in a reaction of in situ Terminal
Deoxynucleotidyl Transferase Mediated Biotinylated UTP Nick End-Labeling
(TUNEL). Detection was performed using the FragEL™ DNA (Calbiochem, CA, USA)
according to the manufacturer's directions. The VP were counterstained with
Hematoxylin and mounted with Permount. The epithelial cells were counted in 10
random microscopic fields (40X) from 6 different ventral prostatic lobe sections from
CT, D and GDI groups in both PND60 and 120. Approximately 10.000 cells were
counted per experimental group. TUNEL index was expressed as a percentage of total

cells counted (number of TUNEL-positive cells X 100/total cell number).

Proliferation and apoptosis index determinations

The number of epithelial cells that showed positive immunolabelling for Ki-67
or TUNEL was counted in 50 random fields at 400X magnification from six different
VP lobes for each treatment and expressed as a percentage (%) (meanzSD) of the total
counted cells. All image acquisition and quantitative measurements were performed
with the investigators blind to both the animal identity and experimental condition.

Approximately 10.000 cells were counted per experimental group.

Western blotting analysis of androgen receptor, PCNA and Prostatein

Frozen samples of ventral prostatic lobes from all experimental groups at

PDNG60 and 120 were mechanically homogenized in 50mM Tris-HCI buffer pH 7.5 plus
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0.25% Triton-X 100 by Polytron for 30s at 4°C, centrifuged, and protein was extracted
on supernatant and quantified as per Bradford methods (Bradford, 1976). Protein
sample (70ug) was loaded into 10% SDS-PAGE under reducing conditions. After
electrophoresis, the proteins were transblotted onto a nitrocellulose membrane (Sigma-
CO™, Saint Louis, MO, USA). The blot was blocked with 5% bovine serum albumin
(BSA) in TBST (10mM Tris-HCI, pH 7.5; 150 mMNaCl; 0.1% Tween-20) for 1h. The
blot was then incubated overnight at 4°C with 3% BSA in TBST containing a 1:1000
dilution of monoclonal mouse anti-PCNA (Proliferating cell nuclear antigen, Santa Cruz
Biotechnology™, CA, USA), polyclonal rabbit anti-Prostatein (AbDsorotec,
Kidlington, UK), or polyclonal rabbit anti-AR (Santa Cruz Biotechnology™, CA,
USA), or polyclonal goat anti-beta actin (Santa Cruz Biotechnology™, CA, USA)
primary antibodies. The blot membranes were then washed five times for 20 min in
TBST and incubated for 1h at room temperature with respective secondary peroxidase-
conjugated antibodies. After washing in TBST, antibody location was detected using
chemiluminescence substrate kit (Pierce ECL Western Blotting Substrate-GE
Healthcare) according to the manufacturer's instructions. The substrates were removed
from membranes and ECL signals were captured by CCD camera (ImageQuant LAS
4000 mini®, GE Healthcare™). The integrated optical density (IOD) of the target
proteins bands was measured using the Image J software downloaded from the NIH
website (http://rsb.info.nih.gov.ij/) to compare the protein levels. The AR, PCNA and
Prostatein expression was normalized to the B-actin values and the results were

expressed as meansSD.
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Statistical analysis

All statistical analyses were carried out using Instat software (version 3.0;
GraphPad, Inc., San Diego, CA). According to the type of the data, either a non-
parametric Mann—Whitney test or a T test (with Welch's correction factor) was used to
examine the significance of any difference between groups. The results were presented
as the mean£SD. Differences were considered statistically significant when p-value was

<0.05.

Results

Dams biometric parameters

The body weights of dams from CT, D and GDI groups did not change
throughout the pregnancy (Table 1). After diabetes induction (DG10), the glycemic
index values measured at DG12 were higher in dams from D and GDI compared to CT
groups (Table 1) demonstrating that dams developed gestational diabetes and that two
days of insulin replacement was not sufficient to recover the glycemic index in GDI
group. The glycemic index determined 21 days after delivery (PND21) revealed that
insulin replacement in the GDI group was able to restore glycemic index observed in
CT groups In the D groups, the glycemic index still remained higher compared to CT

and GDI (Table 1).
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Male offspring parameters at PND1

Gestational diabetes mellitus followed or not by insulin replacement did not
affect the litter size and gestational length (data not shown). The birth weight and male
anogenital distance determined at DGO1 did not change in pups from all experimental

groups (Table 1).

Male offspring and prostate parameters at PND60 and 120

All comparison was made in the age-matched groups. Testosterone levels did
not differ statistically among the experimental groups at DPN60 and 120, although a
tendency towards testosterone decreased in D groups in both ages (Table 1). Blood
glucose and insulin quantifications demonstrated no statically difference between
experimental groups (Table 1), although a tendency towards insulin increased in the D
group in both ages. The VP absolute weight determined at PDN60 and 120 did not
differ between the experimental groups. However, the relative VP weight was higher in
GDI groups at PND60 and 120 (Table 2). This result may be due to the tendency of
decreasing in the body weight observed in animals from GDI groups in both ages (Table

2).

Morphological and morphometrical-stereological analyses

The VP lobes presented similar morphological aspects in all experimental
groups (Fig.1). However, the VP from D groups at PND60 and 120 showed an apparent

reduction in the luminal diameter of the prostatic acini compared to CT groups at the
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same ages (Fig. 1). This result was associated with an increase in both epithelial and
stromal compartments. In the GDI groups at PNDG60, the luminal, epithelial and stromal
compartments recovered the morphological aspect observed in the CT (Fig. 1).
However, in the GDI group from PDN120, the stromal compartment remained higher
than observed in CT (Fig. 1). Stereological results confirmed these changes in relative
frequency of the prostate compartment observed in our morphological analysis (Table

2).

Picrosirius staining showed collagen fibers adjacent to the epithelium, in the
interacinar stroma, and around smooth muscle cells in VP in all groups (Fig. 2). In D
group at PND60 and 120, it was evident an increase in the collagen fibers volume
compared to CT at the same age (Fig. 2). In the GDI, only the prostate from PND120
group presented increased collagen deposition (Fig. 2), since the values in GDI group
from PND60 was similar to the observed in the CT group (Fig. 2. The same images
analyzed under picrosirius plus polarization method showed thin and weakly
birefringent greenish fibers, in the in the CT groups (Fig. 2). In contrast, the D and GDI
groups contained thick, bright (strongly birefringent with several pattern of interference

colours) greenish, yellow and some points red fibers surrounding prostatic acini (Fig. 2).

Morphometric analysis confirmed our morphological data (Table 2).

Epithelial cell proliferation and apoptosis

The positive reaction against Ki-67 antigen was visualized as a dark brown stain
mainly in the epithelial secretory cells in the VP from all groups (Fig. 3). The number of

positive nuclei of Ki-67 reaction in the VP epithelium did not change between the
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experimental groups. The apoptosis was also no affected by mild GDM or insulin
replacement in all ages (Fig. 4). The quantitative analysis confirmed the Ki-67 and
TUNEL reactions (Table 2). No positive staining was observed in the negative control

of KI-67 and TUNEL reactions (data not shown).

Androgen Receptor and Prostatein

Androgen receptor immunostaining was detected mainly in the nuclei of
columnar and basal epithelial cells of the ventral prostatic lobes from the all
experimental groups (Fig. 5). AR immunostaining was apparently less intense in the
nuclei of prostatic epithelial cells from D group at PND60 compared to the CT group in
the same age (Fig. 5). The prostatein was localized in the cytoplasm and apical portion
of the epithelial cells in all experimental groups (Fig. 6). The reaction was apparently

less intense in the D groups at the PND60 and 120 compared to CT groups in the same

age (Fig. 6).

Western Blotting

The expression of PCNA, AR, and prostatein was evaluated by western blotting.
There was no difference in the PCNA expression in the VP in all experimental groups
(Fig. 7a and b), although a tendency of reduction in the D groups at PND60 and 120.
The analysis of AR expression demonstrated statistical differences between D group at
PND60 compared to CT and GDI in the same age (Fig. 8a and b). The prostatein
expression was lower in the D groups at PND60 and 120, compared to CT and GDI in

the same age (Figs. 9a and b).
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Discussion

Clinical and experimental studies have shown that exposure to adverse
conditions during the critical stages of embryonic, fetal or neonatal development
changes the mechanisms of growth and metabolism observed later in childhood, leading
to a significantly increase risk of later disease. David Barker, one of the most influential
clinical epidemiologists challenged the idea that chronic disorders such as diabetes and
cardiovascular disease are explained only by bad genes and unhealthy adult lifestyles.
His 'Barker hypothesis’ proposed that the fetal environment and early infant health
permanently “programme” the body's metabolism and growth, and thus determine the
pathologies of old age (Barker, 1997). Initially controversial, his ideas triggered an
explosion of research worldwide into the relationship between early development and

adult disease (Cooper, 2013).

Diabetes during pregnancy, a common condition around the world, has been
linked to increased risk of obesity and diabetes in offspring. This type of diabetes
maybe divided into clinical diabetes (women previously diagnosed with type 1 or type 2
diabetes) and gestational diabetes mellitus, defined as any glucose intolerance detected
during pregnancy that has evolved from a diagnosis associated with the metabolic risk
of type 2 diabetes to a clinical condition associated with higher risks for maternal and

perinatal morbidity (Forsbach-Sanchez et al., 2005).

Although the known effects of GDM in offspring health, there is few
information on the influence of the mild-GDM on reproductive function of male
offspring, especially those involving prostate, an essential gland for semen fluid

secretion and male fertility. Therefore, to our knowledge, this is the first study



49

addressing the effect of gestational diabetes mellitus on rat ventral prostate

morphophysiology at pubertal and adult ages.

In our experiment, mild-GDM (glycemia between 120 and 300 mg/dL) was
induced with a single dose of STZ (30mg/kg) administered intravenously into the
caudal vein of dams at DG10, period which mimics the 3" trimester of human gestation
(Damaceno et al., 2011). The insulin replacement in GDI group was able to recover
glycemic index at PND21, mimicking a condition of insulin-treatment of GDM in
women (Lehnen et al., 2013). Besides improving maternal hyperglycemia, recent study
demonstrated that insulin can be transported into human milk, retaining biological
activity when ingested by the infant (Shehadeh et al., 2006). Our results demonstrated
that mild-GDM followed or not by insulin replacement did not change the dam body
weight during pregnancy, gestational length, and litter size or litter birth weight. Other
authors have demonstrated, experimentally, that mild-GDM in rat led to a negative
impact on maternal reproductive performance (Jawerbaumet al., 1996; Lopez-Soldado
& Herrera, 2003; Chang et al., 2005; Damasceno et al., 2011; Horgan et al., 2011). Saito
et al. (2010) demonstrated increased rates of pre and post-implantation losses, reduced
rates of fetuses with appropriate weight for gestational age and decreased dams body
weight. However, in this study, the diabetes was induced at birth and the adult female
rats presenting with lower glycemia than 120 mg/dL received more 20mg STZ/kg (i.p.)
at day 7 of pregnancy (2" induction) a protocol that increases the negative impact of
GDM for pregnant. In another experimental study, Sinzato et al. (2012) demonstrated
that mild diabetes, induced neonatally in female Wistar rats altered maternal glycemia at
the beginning of pregnancy, affecting the initial development of the embryo and its

implantation. Interestingly, these authors demonstrated no changes in the fetal weight at
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term and attributed this result to the maintenance of the labyrinth, a region of maternal-
fetal exchange, which contributed to appropriate fetal development. In our study, as the
mild-GDM was induced in the latter-half of pregnancy, period in which the
implantation and the early intrauterine development had finished, we did not observe
the change in the reproductive performance function of dams nor in the litter birth

weight as observed by the others.

The AGD has been used as a good external biomarker for correct prenatal
androgen exposure because it is regulated by testosterone from fetal testes (Graham &
Gandelman, 1986; Swan et al., 2005). Our results demonstrated no statically difference
in this parameter between male offspring in all experimental groups. This result is in
accordance with the levels of testosterone quantification, which did not change,
although a tendency towards decreased testosterone levels was observed in the D and a
restoration in GDI groups of both ages. Despite, we did not find data in the literature on
the effect of mild-GDM on anogenital in male offspring, Rinaldi et al., (2013)
demonstrated that male pups subjected to maternal malnutrition, another model to
induce adverse intrauterine condition, presented decreased in AGD at PNDL. In these
animals, the testosterone levels were reduced until PND30, returning to the control
levels afterward. Amorim et al. (2011), demonstrated delay in testicular descent,
preputial separation and decrease in reproductive organs in a model GDM-induced
approximately 10 days before mating. Despite these results, no changes in the
testosterone levels were observed by these authors in male offspring measured from
PND40 until PND90. Thus, we believe that changes in hormonal status caused by mild-
GDM or insulin replacement were not sufficient to interfere with androgenic-

determination of AGD in male offspring.
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In adulthood, clinical studies have shown that male reproductive function is
impaired by diabetes mellitus, mainly due to decreased serum androgen levels (Kelly et
al.,, 2013; Spitzer et al., 2013). These include impotency, decrease in libido,
spermatogenesis and infertility (Kolodny et al., 1974; Bartak et al., 1975; Handselman
et al., 1985; Vignon et al., 1991; Ali et al., 1993; Niven et al., 1995; Baccetti et al.,
2002; Ryu et al., 2003). In experimental models of STZ-induced diabetes mellitus in
adult rats, there are a body of evidences indicating impairment in the reproductive
functions, such as testicular and ejaculatory dysfunctions, decrease in reproductive
organs weight, in sperm counts and fertility (Kuhn-Velten et al., 1984; Murray et al.,

1983; Scarano et al., 2006; Amorim et al., 2011; Phillips et al., 2014).

The prostate is also affected by diabetes mellitus during aging. Experimental
studies demonstrated that diabetes leads to prostatic involution (Cagnon et al., 2000;
Ikeda et al., 2000; Ribeiro et al., 2006), a imbalance between proliferation and cell death
in the secretory epithelium (Burke et al., 2006; Favaro et al., 2008), extracellular matrix
remodeling and functional and phenotypic changes in stromal cells adult rats (Ribeiro et

al., 2006; Arcolino et al., 2010).

In spite of the evidences about the effects of diabetes on prostate, there are no
data focusing the effects of mild-GDM on prostate morphophysiology. Our
morphometric-stereological results demonstrated that mild-GDM induced decrease in
the glandular lumen associated with increase in the stromal compartment in D group at
PDN60 and 120, even we have not found changes in the cellular proliferation and
apoptotic indexes. These changes in VP structure can be attributed to the low androgen
receptor expression in the D group at PND60. We believe that decreasing in androgenic

signaling, observed at PND60 can lead to lower growth in the glandular parenchyma,
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since its plays a major role in the VP growth (Marker et al., 2003; Shidaifat et al., 2004;
Justulin et al., 2010). Furthermore, we cannot exclude the possible interference of mild-
GDM on genes-controlling cell proliferation and differentiation during fetal
development and lactation, which could lead to change in prostate morphology and

function (Qasem et al., 2012).

On the other hand, insulin replacement (GDI groups) was able to revert the
effect of mild-GDM on parenchyma growth, as well as the tendency of decrease
testosterone levels in both ages. We did not find in the literature data on the hormonal
status of male offspring of diabetic mothers that have received insulin replacement.
However, the effects of insulin replacement on androgenic signaling in adult diabetics
rats were controversial. Some studies demonstrated that insulin replacement restores the
testosterone levels in STZ-induced in male rats (Sudha et al., 2000) while others showed
partial recovery of testosterone after insulin administration in adult diabetic rats
(Suthagar et al., 2009; Porto et al., 2011). As reviewed by Steger and Rabe (1997),
differences in results between studies on experimental diabetes are mainly due to
variations in the severity and duration of diabetes and in the degree of glycemic control
achieved with insulin replacement. Moreover, Porto et al. (2011) demonstrated that
although testosterone levels remains lower than observed in control after insulin
replacement, the rat ventral prostate weight and morphology were completely
recovered. Our results are in accordance with those proposed by Porto et al. (2011) and
demonstrate the growth-promoting effects of insulin in the prostate (Vikram et al.,

2010).

Most importantly, although the prostate structure have been recovered, the

androgen-induced secretory activity, as determined by the expression of prostatein, an
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androgen-regulated secreted protein, remained lower in both D groups at PND60 and
120, as compared to the CT groups. The insulin replacement was able to restore the VP
secretory activity in both ages. These results demonstrate that the prostate physiology
has been impaired by mild-GDM in both puberty and adulthood. Furthermore, our
results reinforce the role of insulin as an important hormone for prostate

morphophysiology.

In conclusion, mild gestational diabetes mellitus impairs the ventral prostate
maturation during puberty leading to decreasing of secretory activity in adulthood.
Insulin replacement during lactation is able to restore the glandular morphophysiology
of male offspring. Thus, the adverse effects of mild-GDM on prostate physiology may

lead to an impairment of reproductive potential in these animals.
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Table 1. Biometric and morphological parameters of dams and male pups from different

experimental groups.

Experimental Groups

Parameters
CT D GDI
Data of pregnant rat
Body Weight (g) at GDO 234.21 +14.83 236.32 +12.35 242+16.31
Body Weight (g) at GD21 358.42 + 11.61 328,53 +11.91 346+12.47
Blood gl level /dL
ood glucose levels (mg/dL) 87.41+7.08° 246+41.23" 248.33+50.06°
at GD12
Blood gl level /dL
ood glucose fevels (mg/dL) 86.1618,04° 244.83+38.14" 99.16+11.76°
at PND21
Data of pups
Birth weight (g) 6.55+0.17 6.42+0,21 6.44+0.25
Anogenital distance (mm) 2.38+0.25 2.40+0.12 2.44+0.14
Male serum testosterone (ng/dL) at
155.4+94.42 60.8+20.45 117.5+£78.11
PND60
Male serum testosterone (ng/dL) at 1424100 85.9167.83 123.1449.14
PND120 N R R
Male blood gl level /dL
ale blood glucose fevels (mg/dL) 82.3+7.97 81.3+10.64 80.3+13.28
at PND60
Male blood glucose levels (mg/dL) at
PND120 85+6.75 87.4+7.35 93.2+£16.41
Male serum insulin (ng/mL) at PND60 0.98+0.50 1.26+0.64 0.89+0.71
Male serum insulin (ng/mL) at PND120 1.04+0.56 1.41+0.82 1.05+0.664
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Values expressed as mean + standard deviation. Different superscript letters indicate significant
differences among experimental (p<0.05). GD: gestational day; PND: post-natal day; CT,
control; D: mild gestational diabetes; GDI: gestational diabetes plus insulin
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Table 2. Biometric and morphological-stereological parameters of rat and ventral prostate from different

experimental groups.

Experimental Groups

Parameters

CT60 D (PND60) GDI(PND60) CT(PND120) D(PND120) GDI(PND120)
Biometric Data (n=12)
Body weight (g) 276.2+27.5 257.0+19.9 259.0+20.1 389.7437.2  351.74#458  335.1+29.1
Ventral Prostate (n = 8)
VP absolute weight (g) 222.4+80.9 223.0+34.4 231.9435.4 354.3451.0  392.24534  405.1+29.1
VP relative weight (g) 0.78+0.22° 0.85+0.069° 0.91+0.15° 0.93+0.12*  1.05+0.10° 1.13+0.03°
Collagen  fibers  volume 4.4+15° 5.7+1.02° 4.9+0.9° 3.320.7° 3.91+0.8° 45+1.1°
fraction (%)
Epithelial Proliferation index 2.45+0,49 2.7+0.82 3.42+0.47 1.65+0.43 1.4140.5 1.94+0.71
(%)
Epithelial apoptotic index (%) 0.35+0.46 0.72+0.53 0.49+0.6 1.51+0.18 1.430.72 1.34+0.51
Relative frequency of VP
compartment
Lumen 58.90+7.29° 43,58+7.81° 54.1345.75°  66.96+4.60° 56.93+11.71° 61.14+5.48°
Epithelium 28.5145.48° 38.14+4.44° 30.96+44.44%  24.20+3.00° 28.08+2.67°  30.11+7.76°
Stroma 11.96+2.10° 15.25+1.56"° 12.41+#1.58%  8.82+1.98%  13.01+4.67° 11.77+2.93"

Values expressed as mean + standard deviation. Different superscript letters indicate significant
differences among experimental (p<0.05). PND: post-natal day; CT, control; D: mild gestational
diabetes; GDI: gestational diabetes plus insulin; VVP: ventral prostate.
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Legend of Figures

Figure 1. Representative sections of the ventral prostatic lobe from the CT, D and GDI
groups at PND60 and 120 stained with hematoxylin-eosin. s= stroma, ep= epthelium L=

lumen.

Figure 2. Representative sections of the Picrosirius stained ventral prostatic from the
CT, D, and GDI groups at PND60 and 120 stained by Picrosirius and analyzed under

normal and polarized light. Collagen fibers (arrows).

Figure 3. Representative sections of the ventral prostatic lobe from the CT, D and GDI
groups at PND60 and 120, immunostained for Ki-67. The arrows point to nuclei
positive for Ki-67 cells that were used to determine the proliferation index. s= stroma,

ep= epthelium L= lumen.

Figure 4. Representative images of TUNEL reaction in sections of the rat ventral
prostatic lobe from the CT, D and GDI groups at PND60 and 120. The arrows indicate
typical positively stained apoptotic epithelial cells that were used to determine the

TUNEL index. s= stroma, ep= epthelium L= lumen.

Figure 5. Representative sections of the ventral prostatic lobe from the CT, D and GDI
groups at PND60 and 120 immunostained for androgen receptor. Intense reaction was
pointed by arrows in all groups and weak reaction was pointed by arrowheads in the

group D at PNDG60. s= stroma, ep= epthelium L= lumen.

Figure 6. Representative sections of the ventral prostatic lobe from the CT, D and GDI
groups at PND60 and 120 immunostained for prostatein pointed in the cytoplasm of

epithelial secretory cells (arrows). s= stroma, ep= epthelium L= lumen.
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Figure 7. Representative Western blotting analyses of PCNA expression in the rat
ventral prostate from the control (CT), gestational diabetes (D) and gestational diabetes
plus insulin replacement (GDI) groups at PND60 and PND120. B) Densitometric
analysis of the PCNA bands revealed no statistical difference between experimental

groups.

Figure 8. Representative Western blotting analyses of androgen receptor (AR)
expression in the rat ventral prostate from the CT, D and GDI groups. B) Densitometric
analysis of the AR bands. Asterisks (*) means statistical difference in relation to CT

group with p<0.05.

Figure 9. Representative Western blotting analyses of prostatein expression in the rat
ventral prostate from the control (CT), gestational diabetes (D) and gestational diabetes
plus insulin replacement (GDI) groups at PND60 and PND120. B) Densitometric
analysis of the prostatein bands. Asterisks (*) means statistical difference in relation to

CT group with p<0.05.
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