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RESUMO 

 

Chiroptera é a segunda maior ordem de mamíferos. Esta apresenta diferentes estratégias 

e características reprodutivas únicas. Entretanto, são raros os relatos relacionados com 

as glândulas reprodutivas acessórias (GRAs) masculinas de morcegos brasileiros. 

Artibeus planirostris (Phyllostomidae: Chiroptera) apresenta um complexo prostático 

compacto composto por duas regiões (ventral e dorsal) e um par de glândulas 

bulbouretrais. O complexo prostático desta espécie apresenta variações durante o ano: 

no peso, na altura de epitélio, na porcentagem dos componentes glamdulares (lúmen, 

epitélio e estroma), na quantidade de células receptor de andrógeno positiva e células 

em processo de proliferação e morte, bem como variações hormonais. Indicando assim 

que o nível de testosterona influencia nessas variações. A castração (supressão de 

testosterona) e a subsequente suplementação deste hormônio podem elucidar a relação 

das GRAs com a testosterona. Assim, o objetivo deste estudo foi avaliar o efeito da 

castração e suplementação de testosterona nas GRAs de A. planirostris. Os animais 

foram coletados na cidade de São José do Rio Preto, no noroeste do Estado de São 

Paulo, Brasil. As capturas foram realizadas no verão (21 de dezembro – 21 de março), a 

fim de minimizar as variações decorrentes da sazonalidade. Foram utilizados apenas 

machos adultos, com a determinação da idade dos animais baseada no peso corporal, 

ossificação completa das epífises metacarpo-falange, desgaste dos dentes, o 

posicionamento dos testículos e na presença de espermatozoides no testículo, cauda do 

epidídimo e/ou na uretra. Neste trabalho foram analisados quarenta e seis espécimes 

machos sexualmente maduros, os quais foram divididos em oito grupos: I) 3 dias 

castrado (CA3d, n = 7); II) controle três dias (CO3d, n = 4); III) 15 dias castrado 

(CA15d, n = 7); IV) 15 dias controle (CO15d, n = 5); V) 15 dias castrado com 

suplementação de cipionato de testosterona (1 ug / kg / dia) durante 3 dias (T3d, n = 7); 

VI) 15 dias castrado com suplementação de cipionato de testosterona (1 ug / kg / dia) 

durante 7 dias (T7d, n = 7); VII) controle da suplementação durante 3 dias (O3d, n = 4); 

e VIII) controle da suplementação durante 7 dias (O7d, n = 5). Os últimos dois grupos 

receberam injeção de óleo mineral no lugar do hormônio. Os resultados indicaram que 

ambas as regiões prostáticas são afetadas pela ablação de testosterona, apresentando 

queda na proliferação celular e aumento na apoptose. Já a glândula bulbouretral 

apresentou uma pequena redução na altura do epitélio e no número de células AR + e 



 

 

um aumento no número de células basais no grupo CA15d. Nos grupos castrados por 

mais tempo (O3d; O7d), essa regressão fica acentuada, tendo também um aumento no 

número de células apoptóticas. A suplementação hormonal ocasionou um retorno da 

morfologia normal em ambas as glândulas. Os dados demonstraram que a região ventral 

foi mais sensível a alterações na testosterona do que a dorsal, apresentando uma maior 

renovação celular. Observou-se que a glândula bulbouretral leva mais tempo para 

responder a ablação de testosterona do que o complexo prostático, já que apresentou 

regressão evidente apenas no grupo com 22 dias de castração. 

 

Palavras-chave: morcego, castração, suplementação hormonal, testosterona, glândula 

bulbouretral, próstata. 



 

 

ABSTRACT 

 

Chiroptera is the second largest order of mammals. This presents different reproductive 

strategies with some unique characteristics. However, there are very few reports related 

to the accessory reproductive glands (GRAs) of Brazilian bats. Artibeus planirostris 

(Phyllostomidae: Chiroptera) has a prostatic complex comprised of two regions 

(ventral and dorsal) and a pair of bulbourethral glands. The prostatic complex of this 

species shows variations during the year in: weight, epithelial height, percentage of 

components glands (lumen, epithelium and stroma), the amount of cells: positive 

androgen receptor and proliferation and death, as well as variations hormonal. 

Indicating that testosterone levels influence these variations. Castration (testosterone 

suppression) and subsequent supplementation of this hormone may elucidate the 

relationship of the GRAs with testosterone. Thus, the aim of this study was to evaluate 

the effect of castration and testosterone supplementation in GRA of A. planirostris. The 

animals were collected in the city of São José do Rio Preto, in the northwest of São 

Paulo State, Brazil. The captures were concentrated in the summer (21st December to 

21st March) in order to minimize variations arising from seasonality. The bats were 

aged as adults based on body weight, complete ossification of the metacarpal-

phalangeal epiphyses, wear of the teeth, positioning of the testes and the presence of 

sperm inside the testes, cauda epididymis and/or urethra. Thus, forty-six sexually male 

mature specimens were analyzed. Eight groups were formed: I) 3 days castrated (CA3d, 

n=7); II) 3 days control (CO3d, n=4); III) 15 days castrated (CA15d, n=7); IV) 15 days 

control (CO15d, n=5); V) 15 days castrated with testosterone cypionate (1µg/Kg/day) 

repositioned for 3 days (T3d, n=7); VI) 15 days castrated with testosterone cypionate 

(1µg/Kg/day) repositioned for 7 days (T7d, n=7); VII) Control of the reposition for 3 

days (O3d, n=4); and VIII) Control of the reposition for 7 days (O7d, n=5). The last 

two groups received mineral oil instead of testosterone.The results indicated that both 

prostatic regions were affected by the ablation of testosterone, presenting a decrease in 

cell proliferation and an increase in apoptosis. Already the bulbourethral glands 

showed a small decrease in epithelium height and amount of AR + cells and an increase 

in the amount of basal cells in CA15d group. In groups castrated fora longer period 

(O3d; O7d), this regression is accentuated, and there is also an increase in amount of 

apoptotic cells. Hormone supplementation caused a return to normal morphology in 



 

 

both glands. The data have shown that the ventral region was more sensitive to changes 

in testosterone than the dorsal, presenting greater cell renewal. And the BG takes 

longer to respond to ablation of testosterone than other reproductive glands, since it 

showed evident aspects of regression only in the animals castrated for 22 days. 

 

Keywords: bat, bulbourethral gland, castration, hormone supplementation, prostate, 

testosterone. 
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I- INTRODUÇÃO 

 

A Ordem Chiroptera 

 

Os morcegos compõem uma das ordens mais diversa e distinta no grupo dos 

mamíferos, sendo os únicos que possuem estruturas que permitem voo verdadeiro. O 

nome Chiroptera deriva do grego “cheir” e “pteron” os quais significam mão e asa, 

respectivamente, o que indica que a asa do morcego é uma mão altamente modificada 

(PERACCHI et al., 2006). 

Chiroptera é a segunda maior ordem de mamíferos, com 18 famílias, 202 

gêneros e aproximadamente 1.116 espécies vivendo amplamente distribuídas pelo 

planeta (Fig. 1), ocorrendo em regiões tropicais e temperadas, com exceção de algumas 

ilhas oceânicas remotas e a Antártica (SIMMONS, 2005). 

Figura 1. Mapa da distribuição geográfica da Ordem Chiroptera no mundo; as áreas em 
negro representam a distribuição das espécies. 

 

No Brasil, a quiropterofauna está representada por aproximadamente 164 

espécies de morcegos, pertencentes a nove famílias: Emballonuridae, Furipteridae 

Molossidae, Mormoopidae, Phyllostomidae, Natalidae, Noctilionidae, Thyropteridae e 

Vespertilionidae (PERACCHI et al., 2011), as quais habitam todo o território brasileiro, 

ocorrendo desde a Amazônia, o Cerrado, a Mata Atlântica, o Pantanal, o nordeste, até os 

pampas gaúchos, em regiões rurais e também em áreas urbanas (REIS et al., 2007). 

Dentre as famílias de Chiroptera, Phyllostomidae é a mais representativa, 

com 89 espécies de 40 gêneros registrados em território brasileiro (PERACCHI et al., 
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2011), a qual é subdividida em 5 subfamílias: Carollinae, Desmodontinae, 

Glossophaginae, Phyllostominae e Stenodermatinae (REIS et al., 2007). Phyllostomidae 

é um clado endêmico do Novo Mundo, com registros que se estendem do sudoeste dos 

Estados Unidos da América até o norte da Argentina (PERACCHI et al., 2006). Este 

grupo é caracterizado por apresentar um apêndice nasal em forma de folha ou ponta de 

lança, exceto em Desmodontinae, que apresenta esse apêndice nasal reduzido e em 

forma de ferradura (Fig. 2). 

 
Figura 2. Representantes da família Phyllostomidae. Destaque para a 
característica que define a família, o apêndice nasal. A. Artibeus lituratus, 
subfamília Stenodermatinae, apresenta o apêndice nasal em forma de folha 
(seta negra). B. Diphylla ecaudata, subfamília Desmodontinae a qual difere 
das outras subfamílias e apresenta o apêndice nasal em forma de ferradura 
(seta branca). 
 

Stenodermatinae é um grupo monofilético e compõe a subfamília mais 

abundante com 68 espécies, 42,2% das espécies descritas para Phyllostomidae 

(SIMMONS, 2005). Nesta subfamília, Simmons (2005) reconhece duas tribos: Sturniri 

e Stenodermatini; a primeira representa os morcegos do gênero Sturnira, e a segunda as 

demais espécies. De todos os 17 gêneros conhecidos dentro da subfamília, 12 ocorrem 

no Brasil, num total de 33 espécies. 

Os estenodermatíneos são predominantemente frugívoros, mas algumas 

espécies complementam a dieta com outros itens, tais como: recursos florais, insetos e 

folhas. Essa preferência por frutos, juntamente com o comportamento de retirá-los da 

planta mãe para consumi-los em abrigos, faz destes animais excelentes dispersores de 

sementes de plantas da região Neotropical.  
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Apesar dos poucos estudos encontrados na literatura, este grupo apresenta 

padrões reprodutivos diversificados, com espécies monoéstricas, poliéstricas bimodais e 

espécies que se reproduzem ao longo de todo o ano (REIS et al., 2007). 

Artibeus planirostris [Stenodermatinae: Phyllostomidae (Figura 3)] é uma 

espécie abundante e endêmica da região Neotropical, apresenta massa corporal entre 40 

e 69 g (BÁRQUEZ et al., 1993) e comprimento do antebraço de 62-73 mm (HOLLIS, 

2005). Esta espécie ocorre em praticamente todas as regiões de florestas tropicais e 

subtropicais (EISENBERG, 1989; HOLLIS, 2005), no Cerrado e Cerradão, e também 

nas Caatingas (MARES et al., 1981; WILLIG; MARES, 1989), mas é mais abundante 

em florestas de transição (BÁRQUEZ et al., 1991). 

 

Figura 3. Artibeus planirostris, espécie da 
família Phyllostomidae, Sub-família: 
Stenodermatinae. (Fonte:www.morcegosdobra
sil.blogspot.com.br) 
 

Essa espécie se abriga em árvores, e muitas vezes é capturada perto de 

árvores frutíferas ou na proximidade de rios (BÁRQUEZ et al., 1991; BÁRQUEZ et al., 

1993). Apresenta uma dieta predominantemente frugívora, mas com plasticidade, 

também, por vezes, consumindo pólen, néctar e/ou insetos (REIS et al., 2007). Os 

espécimes são solitários ou formam pequenas colônias de 5-16 indivíduos. O período 

gestacional é de aproximadamente 3,5 meses, sendo normalmente um único jovem 

produzido em cada gestação (TADDEI, 1976). De acordo com Willig (1985), esta 

espécie apresenta poliestria bimodal, com picos de reprodução em fevereiro-março e 

outubro-novembro. No entanto, Taddei (1976) e Graham (1987) postulam que essa 

espécie pode ser capaz de produzir jovens a qualquer momento ao longo o ano, 

principalmente pela observação durante todo o ano de fêmeas simultaneamente prenhes 

e lactantes, e machos escrotados com espermatozoides na cauda do epidídimo. 
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Reprodução de Chiroptera 

 

A ampla distribuição geográfica da ordem Chiroptera permite que os 

morcegos sofram considerável influência de fatores abióticos sobre suas estratégias 

reprodutivas, as quais são detectadas através do comportamento ou da avaliação 

funcional das gônadas e das glândulas anexas (SWAMI; LALL, 1982). Morcegos 

hibernantes de zonas temperadas são reprodutores sazonais, enquanto que aqueles de 

zonas tropicais apresentam padrões reprodutivos diversos, influenciados diretamente 

por variações da temperatura, pluviosidade e disponibilidade de alimento (FLEMING et 

al., 1972; TADDEI, 1976). 

Um grande número de estudos morfofuncionais tem mostrado, em algumas 

espécies de morcegos, características interessantes relacionadas às estratégias 

reprodutivas, tais como o armazenamento de espermatozoides por longos períodos em 

prolongamentos da cauda do epidídimo nos machos e na região do corno uterino nas 

fêmeas, além do atraso na implantação embrionária no trato reprodutor feminino 

(RACEY, 1972, 1973; KRUTZSCH, 1975; KRUTZSCH et al., 1976; RACEY, 1979; 

KRUTZSCH; CRICHTON, 1987; HAPPOLD; HAPPOLD, 1989; HOOD; SMITH, 

1989; VAN DER MERWE; RAUTENBACH, 1990; HEIDEMAN et al., 1992; 

ENCARNAÇÃO et al., 2004; SHARIF et al., 2004). A avaliação da espermatogênese 

em nível morfológico, especialmente de espécies neotropicais, também tem sido 

abordada (SINGWI; LALL, 1983; McGUCKIN; BLACKSHAW, 1987; SAIDAPUR; 

PATIL, 1992; MORIGAKI et al., 2001; KUROHMARU et al., 2002; LEE, 2003; 

BEGUELINI et al., 2009). Alguns autores observaram uma assincronia no ciclo do 

epitélio seminífero de espécies de Vespertilionidae (WILSON; FINDLEY, 1971; LEE, 

2003; BEGUELINI et al., 2009). 

As glândulas reprodutivas acessórias (GRA) masculinas são órgãos que 

compõem o sistema reprodutor masculino, e são de suma importância por secretarem 

produtos que garantem a sobrevivência, viabilidade e a motilidade dos espermatozoides 

(ROCHEL et al., 2007), fato este que tem grande influência no sucesso reprodutivo dos 

mamíferos. Crichton e Krutzsch (2000), ao compilarem dados sobre reprodução de 

morcegos, afirmam que a estrutura, tanto anatômica quanto microscópica, dos órgãos 

reprodutivos, testículos e glândulas acessórias, seguem o padrão de mamíferos, ou seja, 

apresentam um par de testículos e glândulas acessórias, tais como: próstata, vesículas 

seminais, glândulas ampulares e glândulas bulbouretrais, as quais não estão presentes 
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juntamente em todas as famílias, ou seja, a ausência ou presença dos tipos glandulares 

estão relacionados à nível de família. 

Puga et al. (2013, 2014) observaram que, macroscopicamente, as GRA de 

Artibeus planirostris (Fig. 4) apresentam um complexo glandular prostático (CGP) 

compacto, o qual apresenta duas regiões distintas: uma ventral e outra dorsal, as quais 

circundam a uretra. 

Figura 4. Anatomia e histologia do complexo glandular prostático de Artibeus 
planirostris. A. Vista ventral do complexo prostático, observe a relação da região 
ventral com a uretra. B. Vista dorsal do complexo prostático. C. Secção do complexo 
glandular no plano indicado em A (Coloração: Hematoxilina-eosina), note a relação 
entre a região ventral e dorsal, bem como destas com a uretra. DR, Região Dorsal; Ur, 
uretra; UV, vesícula urinária; VR, região ventral. 

 

Puga et al. (2014) observaram que o CGP de A. planirostris apresenta 

variações ao longo do ano. Os dados hormonais corroboraram os dados biométricos 

(peso do CGP e peso testicular), já que ambos apresentaram aumento do outono até o 

verão, sendo no verão o maior pico que ocorre na estação de maior reprodução, 

indicando assim que o nível de testosterona influencia tanto na variação de peso do 

CGP quanto testicular. A maioria dos dados existentes referentes às dosagens 

hormonais está relacionada a espécies hibernantes (GUSTAFSON; SHEMESH, 1976; 

GUSTAFSON; DAMASSA, 1985) e relatam de um a três picos de testosterona, os 

quais variam conforme a espécie e o ambiente ao qual a mesma está inserida. 

Em análises dos receptores de andrógeno, Puga et al. (2014) mostraram que 

ambas as regiões expressam esses receptores, porém na região ventral não há variação 

significativa ao longo do ano. Já a região dorsal apresenta a menor porcentagem de 

células receptor de andrógeno (AR) positivas no verão. Quando estes dados são 

correlacionados com a dosagem hormonal observaram que são inversamente 

proporcionais, ou seja, quanto menor número de células AR-positivas observa-se maior 

nível de testosterona no sangue. Puga et al. (2014) inferiram que isto tem relação com o 
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fato de que no momento que o CGP está se preparando para a secreção, os níveis 

hormonais estão baixos. Este nível baixo estimula, por feedback positivo, a síntese de 

receptores de andrógeno para que as células prostáticas captem a pouca testosterona 

circulante. Na estação do verão o organismo desta espécie necessita de um alto nível de 

testosterona para as atividades reprodutivas, porém o CGP não precisa captar toda essa 

testosterona. Então a testosterona estimula por feedback negativo, a redução de síntese 

desses receptores. Esses autores afirmam que a região dorsal sofre influência direta da 

testosterona, porém ainda não concluíram se as mudanças da região ventral são 

mediadas por este hormônio. Assim, os níveis hormonais podem estar intimamente 

relacionados com diferentes respostas destas glândulas ao longo do ano. 

 

A próstata e sua dependência hormonal. 

 

O crescimento normal, a diferenciação e a manutenção da integridade 

funcional (secretora) e estrutural da próstata e dos demais órgãos acessórios do sistema 

reprodutor masculino são dependentes de níveis constantes de andrógenos circulantes 

produzidos pelos testículos e pelas adrenais (PRICE, 1963; ORTIZ, 1976; CUNHA et 

al., 1987; DOUNJACOUR; CUNHA, 1988; AUMULLER; SEITZ, 1990; COOKE et 

al., 1991; PRICE; ROSAI, 1996; HAYWARD et al., 1997; THOMSON et al., 1997). 

Desses andrógenos, 95% correspondem à testosterona sintetizada pelas células 

de Leydig dos testículos sob estimulação do hormônio luteinizante (LH) da hipófise, 

que por sua vez, é regulado pelo hormônio liberador de gonadotrofina (GnRH) do 

hipotálamo. Os outros 5% de andrógenos são sintetizados nas adrenais como resposta a 

ação do hormônio adrenocorticotrófico (ACTH) da hipófise e liberados principalmente 

na forma de androestenediona, que é perifericamente convertida nos tecidos prostáticos 

em testosterona (TAPLIN; HO, 2001). 

A estimulação das células epiteliais prostáticas é dada pela transformação da 

testosterona em di-hidrotestosterona (DHT), que é catalisada pela enzima 5α-redutase 

presente principalmente no citoplasma das células epiteliais (SÁNCHEZ et al., 2013). 

Esta conversão é importante porque DHT tem maior atividade excitatória por ter grande 

afinidade ao AR (CUNHA et al., 1987). A ligação do DHT ao AR das células epiteliais 

desencadeia diferentes cascatas de reações e sinalizações que regulam principalmente a 

produção e secreção prostáticas. Do mesmo modo, a estimulação através de células 

estromais é fornecida pela conversão da testosterona em estradiol (E2), a qual é 
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catalisada pela aromatase, presente principalmente no citoplasma das células estromais 

(ELLEM et al., 2004; ELLEM; RISBRIDGER, 2010; BEGUELINI et al., 2015). 

O estradiol é essencial para a homeostase do tecido normal dentro da próstata, 

e tem papel duplo no tecido prostático: ativação do receptor de estrógeno tipo alfa (ER-

α) levando à proliferação, e ativação do receptor de estrógeno tipo beta (ER-β) 

mediando efeitos antiproliferativos (apoptose), que equilibra a ação proliferativa de 

andrógenos no epitélio (HELDRING et al., 2007; ELLEM; RISBRIDGER, 2009). 

A prolactina e o hormônio de crescimento (GH) também estimulam a produção 

de andrógenos, tanto nos testículos como nas adrenais, tendo a primeira um efeito 

mitogênico direto adicional sobre as células epiteliais da próstata (GALBRAITH; 

DUCHESNE, 1997). 

 

A castração e a morfofisiologia prostática. 

 

A remoção ou a redução de andrógenos de origem gonadal pode ser obtida por 

castração cirúrgica, administração de estrógeno ou inibição da síntese e liberação de LH 

(Hormônio Luteinizante) e FSH (Hormônio Folículo-Estimulante) por bloqueio na 

liberação de gonadotrofina. 

Na castração cirúrgica ocorre uma queda abrupta e significativa dos níveis 

séricos de andrógenos, e também a redução do fluxo sanguíneo para a próstata, já que 

este é controlado pelo nível de andrógeno. Esta redução induz apoptose nas células 

endoteliais e nas células secretoras prostáticas (KYPRIANOU; ISSACS, 1988). Em 

estudo realizado por Shabsigh et al. (1999) constatou-se que a apoptose inicia 24h após 

a castração, aumenta significativamente 48 e 72h após a castração e declina-se em 

seguida. 

Após a castração o epitélio regride e as células epiteliais restantes da próstata 

continuam sensíveis aos andrógenos. A reposição de testosterona regenera o epitélio 

prostático, restaurando a função e o número de células normais (RISBRINDGER et al., 

2001). As células da próstata ventral de rato respondem aos andrógenos pela alteração 

de uma vasta cadeia de processos bioquímicos, envolvidos na secreção e/ou proliferação 

celular, dependendo do estado funcional da glândula. A testosterona é bem conhecida 

por induzir alterações na síntese de DNA, RNA e proteínas na próstata ventral de rato 

(OKUDA et al., 1991). 
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A glândula bulbouretral: morfologia e função. 

 

A glândula bulbouretral (GB) é uma glândula par do sistema reprodutor 

masculino, sendo muito importante na função reprodutora de diferentes espécies de 

mamíferos. A secreção dessas glândulas normalmente limpa a uretra e, posteriormente, 

ajuda na lubrificação da vagina, já que é secretada antes da ejaculação (SAMUELSON, 

2007). 

A GB apresenta algumas diferenças entre espécies de mamíferos: ela está 

completamente ausente em toupeiras (RACEY, 1978), cães e mamíferos aquáticos 

(DYCE et al., 2002), é pouco desenvolvida no homem (JEQUIER, 1995), mas bem 

desenvolvida no porco (BADIA et al., 2006). A morfologia da GB tem sido estudada 

em vários mamíferos, especialmente roedores, tais como ratos, hamster, chinchilas, 

coelhos e ratazana-do-capim (JESIK et al., 1982; TOMA; BUZZELL, 1988; ADARO et 

al., 2001; VASQUEZ; DEL SOL, 2002; CAKIR; KARATAS, 2004; ADEBAYO et al., 

2015). 

Em estudos anteriores, observou-se que, macroscopicamente, a GB de Artibeus 

planirostris (PUGA et al., 2013), Platyrrhinus lineatus (PUGA et al., 2011; MARTINS 

et al., 2015) e Molossus molossus (CHRISTANTE et al., 2014) é uma glândula acinar 

em forma oval, sendo parcialmente revestida por tecido muscular. As células epiteliais 

colunares são preenchidas com muitas gotículas de secreção de densidade eletrônica 

variável. Essas vesículas são liberadas no ápice do epitélio, onde existem pequenas 

projeções da membrana celular. 

Os estudos relacionados a andrógenos e as glândulas reprodutivas acessórias, 

na maioria das vezes citam a influência desse hormônio apenas na próstata 

(KYPRIANOU; ISSACS, 1988; SHABSIGH et al., 1999; RISBRINDGER et al., 2001). 

Há na literatura, poucos estudos encontrados relacionando o efeito da castração na GB, 

e estes mostram diferentes respostas entre os mamíferos. Aykroyd e Zuckerman (1938) 

mostraram que havia regressão apenas na parte periférica da GB de machos adultos de 

macaco Rhesus castrados por cinco meses, o que está de acordo com Barrington (1913 

apud AYKROYD; ZUCKERMAN, 1938) que verificou pequena regressão na GB de 

cobaias com um ano de castração. Estes resultados são muito diferentes daqueles 

encontrados para ratos (HELLER, 1932), que mostram rápidas e acentuadas mudanças 

após castração. 
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Dessa forma, a castração (consequente ablação do nível de testosterona) e 

posterior reposição hormonal poderá elucidar a relação desses dois tipos glandulares 

prostáticos e da glândula bulbouretral com a testosterona. 
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II- OBJETIVOS 

 

- Geral 

 

O presente trabalho objetivou avaliar o efeito da castração e suplementação de 

testosterona nas glândulas reprodutivas acessórias de Artibeus planirostris (Chiroptera: 

Phyllostomidae). 

 

 

- Específicos 

 

1. Avaliar o padrão histológico, morfométrico, estereológico, histoquímico e 

imunohistoquímico da próstata na espécie A. planirostris, objetivando a avaliação das 

possíveis influências da depleção e posterior suplementação hormonal. 

 

 

2. Avaliar o padrão histológico, morfométrico, estereológico, histoquímico, 

ultraestrutural e imunohistoquímico da glândula bulbouretral na espécie A. planirostris, 

objetivando a avaliação das possíveis influências da depleção e posterior suplementação 

de testosterona. 
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Esta tese foi escrita na forma de dois artigos científicos, os quais foram preparados nas 

normas e serão submetidos às revistas internacionais. 

 

 

Artigo 1: The effects of castration followed testosterone supplementation in 

prostatic complex of Artibeus planirostris (Chiroptera: Phyllostomidae). 

 

 

 

Artigo 2: The effects of bilateral orchiectomy followed testosterone 

supplementation on the bulbourethral gland of Artibeus planirostris (Chiroptera: 

Phyllostomidae). 
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Abstract 

The prostatic complex (ventral and dorsal regions) of Artibeus planirostris exhibits 29 

seasonal variations throughout the year. Circulating testosterone was correlated with 30 

prostate weight, showing an increase from autumn to summer, with the highest peak in 31 

summer corresponding to the largest breeding season. This indicates that the level of 32 

serum testosterone influences variations in both testicular and prostatic weights. Serum 33 

testosterone levels seem to be closely related to the different responses of these glands 34 

throughout the year. The castration (consequent suppression of testosterone) and 35 

subsequent hormone supplementation may elucidate the relationship of these two 36 

glandular types with testosterone. Thus, the aim of this study was to evaluate the effect 37 

of castration and the testosterone supplementation in the male prostatic complex of A. 38 

planirostris. The results indicated that both prostatic regions were affected by the 39 

ablation of testosterone, presenting a decrease in cell proliferation and an increase in 40 

apoptosis. Similarly, the prostate was responsive to hormonal supplementation, having a 41 

recovery of the active morphophysiological pattern with testosterone supplementation. 42 

However, data have shown that the ventral region was more sensitive to changes in 43 

testosterone than the dorsal, presenting greater cell renewal. 44 

 45 

Keywords: Bat, Castration, Hormone supplementation, Testosterone, Prostate. 46 
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1. Introduction 47 

 48 

The male reproductive accessory glands (RAGs) are organs that compose the 49 

male reproductive system and are of great importance for secreting products that ensure 50 

the survival, viability and motility of spermatozoa (Setchell and Breed 2006), a fact that 51 

has a great influence on the reproductive success of mammals. Crichton and Krutzsch 52 

(2000) compiled the existing data on reproduction in bats and stated that both the 53 

anatomy and histology of their reproductive organs (testes and accessory glands) 54 

followed the mammalian pattern, with a pair of testis and epididymis and accessory 55 

glands, such as: prostate, seminal vesicles, ampullary glands and the bulbourethral 56 

glands, which may or may not be present in the reproductive system. 57 

Studies demonstrated that the RAGs of the phyllostomid bats Artibeus 58 

planirostris (Puga et al. 2013) and Platyrrhinus lineatus (Puga 2011; Martins et al. 59 

2014) were composed of a compact prostatic complex (PC), which had two distinct 60 

regions (ventral and dorsal) with associated paraurethral glands, and a pair of extra-61 

abdominal bulbourethral glands. The ventral region completely surrounded the urethra 62 

in P. lineatus; however, in A. planirostris, the urethra was partially exposed. On the 63 

other hand, in both species, the bulbourethral glands had similar locations and 64 

morphology. 65 

The PC of A. planirostris exhibited seasonal variations throughout the year. 66 

Circulating testosterone was correlated with prostate weight, as they showed an increase 67 

from autumn to summer, with the highest peak in summer corresponding to the largest 68 

breeding season. This indicates that the level of serum testosterone influences variations 69 

in both testicular and prostatic weights (Puga et al. 2014). 70 

Analyses of androgen receptors (AR) indicated that both regions expressed 71 

these receptors; however, the ventral region had no significant variation throughout the 72 

year, while the dorsal had the highest expression in the autumn and lowest in the 73 

summer. Data showed that the expression pattern of AR in the dorsal region was 74 

inversely correlated to the testosterone dosage, presenting a small number of AR-75 

positive cells when the level of serum testosterone was high in summer and the reverse 76 

was seen in the autumn (Puga et al. 2014). In summer, the body requires a high level of 77 

testosterone to directly stimulate the reproductive activities, but in both region of PC, 78 

already fully developed, did not need to capture all of this testosterone, resulting in a 79 

negative feedback that reduced the synthesis of these receptors. On the other hand, in 80 
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autumn, the PC, undeveloped, needs to prepare itself for the subsequent secretion of 81 

substances for the breading season; as the testosterone level was low in this period, the 82 

PC needs to increase the synthesis of AR to capture the low circulating testosterone and 83 

appropriately induce production and secretion in the prostatic epithelium (Puga et al. 84 

2014). This study showed that the dorsal region suffered the direct influence of 85 

testosterone; however, the impact of this hormone in the ventral region was not fully 86 

elucidated. Thus, testosterone levels may be related to the different responses of these 87 

glands throughout the year. 88 

Experiments of castration (consequent suppression of testosterone) and 89 

subsequent supplementation were a general process to evaluate the impact of 90 

testosterone in different organs and types of treatments (Huttunen et al. 1981; Kiplesund 91 

et al. 1988; Carvalho et. al. 1997; Shabisgh et al. 1999; Nishino et al. 2004; Góes et al. 92 

2007). Thus, castration and subsequent testosterone supplementation may elucidate the 93 

relationship between this hormone and variation in these two prostatic regions. 94 

Therefore, the aim of this study was to evaluate the effect of castration and posterior 95 

testosterone supplementation in the two prostatic regions of A. planirostris. 96 

 97 

2. Materials and methods 98 

 99 

2.1. Species, ageing and experimental design 100 

The species analyzed was Artibeus planirostris (Spix 1823), which is an 101 

exclusively Neotropical species of phyllostomid bat that is not listed as endangered on 102 

the International Union for Conservation of Nature (IUCN) Red List of Threatened 103 

Species. The bats were aged as adults based on body weight, complete ossification of 104 

the metacarpal-phalangeal epiphyses, wear of the teeth (Knegt et al. 2005), positioning 105 

of the testes and the presence of sperm inside the testes, cauda epididymis and/or 106 

urethra (Puga et al. 2013; Puga et al. 2014; Beguelini et al. 2013a; Beguelini et al. 107 

2013b; Beguelini et al. 2014a; Beguelini et al. 2014b). 108 

Artibeus planirostris is a wild species that is protected by federal laws in Brazil 109 

(IBAMA). Adding to these, its harem structure (with a single male mated to multiple 110 

females) means that the collection of male specimens directly influences the structure 111 

and dynamics of the populations. Thus, the number of specimens used in this study was 112 

the maximum number obtained from a balance between the minimum number required 113 
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for relevant statistical analyses and the maximum number of individuals that could be 114 

collected without destroying or disrupting the colonies of bats. 115 

Thus, forty-six sexually male mature specimens were analyzed. Eight groups 116 

were formed (Figure 1): I) Uncastrated animals kept in captivity for 3 days (CO3d, 117 

n=4); II) Castrated animals kept in captivity for 3 days (CA3d, n=7); III) Uncastrated 118 

animals kept in captivity for 15 days (CO15d, n=5); IV) Castrated animals kept in 119 

captivity for 15 days (CA15d, n=7); V) Castrated animals kept in captivity for 15 days, 120 

thereafter treated with 0,1 µl mineral oil (on alternate days) for 3 days (O3d, n=4); VI) 121 

Castrated animals kept in captivity for 15 days, thereafter treated with 0,1 µl 122 

testosterone cypionate (dose: 1µg/Kg on alternate days) for 3 days (T3d, n=7); VII) 123 

Castrated animals kept in captivity for 15 days, thereafter treated with 0,1 µl mineral oil 124 

(on alternate days) for 7 days (O7d, n=5) and VIII) Castrated animals kept in captivity 125 

for 15 days, thereafter treated with 0,1 µl testosterone cypionate (dose: 1µg/Kg on 126 

alternate days) for 7 days (T7d, n=7). 127 

 128 

2.2. Study area, capture and ethics statement 129 

The animals were collected in the city of São José do Rio Preto, in the 130 

northwest of São Paulo State, Brazil, (49W22'45", 20S49'11"), which is located 500 131 

meters above sea level. This is a semi-flat region, set in a degraded Cerrado biome, with 132 

meso-thermal climate with rainy summers and dry winters. 133 

The captures were concentrated in the summer (21st December to 21st March) 134 

in order to minimize variations arising from seasonality (Puga et al. 2014) and to focus 135 

on changes caused by treatments. The captures were performed at night using mist nets 136 

(3m x 6m), which were positioned to intercept bats flying 1–3 m above the ground. The 137 

nets were precisely placed on possible flight routes or exits from shelters. 138 

The experimental procedures were approved by the Ethics Committee of 139 

IBILCE-UNESP (Process: 036/2010 – CEUA), and the capture of animals was 140 

authorized by the Brazilian Institute of the Environment, IBAMA (Process: 21707-1). 141 

The animals were treated according to the recommendations of the Committee on Care 142 

and Use of Laboratory Animals from the Institute of Laboratory Animal Resources, 143 

National Research Council, “Guide for the Care and Use of Laboratory Animals” 144 

(Committee on Care and Use of Laboratory Animals, 1980). 145 

146 
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2.3. Castration and maintenance of the animals 147 

To standardize the study, after capture, the animals were kept in cages (40 cm x 148 

20 cm x 20 cm) with water and food (pieces of papaya, banana or other fruit) ad libitum, 149 

in a specific room in darkness at 25–30oC. These conditions were only used in the 150 

period between the end of the capture and the next morning, at which point the bats 151 

were anesthetized with a mixture of ketamine (Dopalen-Vertebrands, Paulínia, SP, 152 

Brazil; 370 mg/kg) and xylazine (Rompun – Bayer S.A., São Paulo, SP, Brazil; 16 153 

mg/kg), which was applied at an amount of 0.1 ml per 50g of body weight (0.08 ml 154 

ketamine plus 0.02 ml of xylazine). After anesthesia, bilateral orchidectomy was 155 

performed, with a small incision in the inguinal region, in which the testicle and 156 

epididymis were removed after cutting the deferent duct.  Finally the animals were 157 

sutured. After castration, the animals were maintained in the Laboratory of Microscopy 158 

and Microanalysis of the Department of Biology (IBILCE/UNESP) in a specific room 159 

in darkness at 25–30oC. They were accommodated in cages (100cm length x 50cm 160 

width x 30cm height) dotted with grids at the superior portion to facilitate aeration, 161 

proper positioning of the animal (upside down) and feeding. Only 2 or 3 animals were 162 

placed per cage to avoid the stress of overpopulation. The animals received water ad 163 

libitum and the feeding corresponded to fresh and tender fruits (papaya, banana, etc.), 164 

which were changed every day, since it is a frugivorous species. The cages were cleaned 165 

every day, with the water exchange and the supplementation of the feed being 166 

performed simultaneously in order to cause the lowest possible stress to the animal, 167 

with these processes occurring without the direct manipulation of the animals. All 168 

animals were manipulated only for the performance of the treatments (injections of 169 

testosterone). 170 

 171 

2.4. Processing of the animals 172 

To standardize, all specimens were euthanized by deep anesthesia (mixture of 173 

ketamine and xylazine), administered subcutaneously, and positioned in dorsal 174 

decubitus on the dissection board. After the body weight was measured, blood samples 175 

were collected by endocardial puncturing. A longitudinal incision in the skin and 176 

subcutaneous tissues was performed, from the xiphoid process to the pubic symphysis, 177 

with the PC and adrenal glands removed, weighed and fixed for analysis. 178 
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All specimens are archived in the Chiroptera Collection of the Laboratory of 179 

Chiroptera at the Univ. Estadual Paulista, UNESP; Instituto de Biociências, Letras and 180 

Ciências Exatas, IBILCE. 181 

 182 

2.5. Serum hormone dosage 183 

The blood, collected by endocardial puncture, was immediately centrifuged at 184 

1,200 g, to separate the serum, and frozen at -80°C for subsequent analysis of 185 

testosterone levels. The testosterone dosages were performed by ELISA 186 

Capture/Sandwich (antibody-antigen-antibody), using specific commercial kits 187 

(Cayman Chemical Company, Ann Arbor, Michigan, USA - Item # No. 582701) of high 188 

sensitivity (6.0 pg/ml), with coefficients of variation for an inter-assay of 32.0 pg/ml. 189 

Readings were taken using an Epoch™ Multi-Volume Spectrophotometer System 190 

(BioTekInstruments, VT, USA) reader. 191 

 192 

2.6. Histology 193 

The PC was fixed by immersion in Metacarn fixative solution (methanol: 194 

chloroform: acetic acid – 6:3:1) for 3 h at 4oC, dehydrated in ethanol, diaphanized in 195 

xylene and embedded in paraffin (Histosec – MERK, Darmstadt, Germany). Sections of 196 

4μm were stained with hematoxylin-eosin (HE [Ribeiro and Lima 2000]), periodic acid-197 

Schiff (PAS [Behmer et al. 1976]) and Picrosirius (Junqueira et al. 1979) or submitted 198 

to immunostainings. Microscopic analyses were performed using an Olympus BX60 199 

microscope (Olympus Optical Co., Ltd., Tokyo, Japan) with coupled image analyzer 200 

(Image Pro Plus version 6.1 for Windows - Copyright © 1993-2006 Media Cybernetics, 201 

Inc.). 202 

 203 

2.7. Stereological analysis and morphometry 204 

The following measurements were performed on cross sections of the PC 205 

(ventral and dorsal regions) using the Image Pro-Plus-Media Cybernetics, version 6.1 206 

for Windows computer software for image analysis: the relative percentage of glandular 207 

compartments (epithelium, lumen and stroma), the epithelium height and the cell 208 

population census. 209 

Stereology: for this analysis, 50 fields of the slides stained by HE (dorsal 210 

region) and Picrosirius (Ventral region) were randomly selected from each experimental 211 
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group. The relative frequency of glandular components (epithelium, lumen and stroma) 212 

was calculated by applying an M130 multipoint test system (Weibel 1963). 213 

Morphometry: to measure the epithelium height, random fields were captured 214 

from each animal, with three measurements performed in each field, accumulating a 215 

total of 300 measurements for each experimental group. 216 

The cell population census was conducted on histological sections submitted to 217 

p63 immunohistochemistry (protocol described below). For this analysis, 50 fields of 218 

the slides submitted to p63 immunohistochemistry were selected from each 219 

experimental group. In each field, the amounts of basal and other cells were measured 220 

by direct counting of nuclei. 221 

 222 

2.8. Immunohistochemistry and TUNEL analysis 223 

After microwaving for antigen retrieval, non-specific binding was blocked 224 

prior to incubation with primary antibodies against: androgen receptor (AR) – rabbit 225 

polyclonal IgG (sc-816/Santa Cruz Biotechnology, Santa Cruz, CA, USA, dilution 226 

1:75); p63 – mouse monoclonal IgG2a (sc-25268/Santa Cruz Biotechnology, Santa 227 

Cruz, CA, USA, dilution 1:100); proliferating cell nuclear antigen (PCNA) – mouse 228 

monoclonal IgG2a (sc-56/Santa Cruz Biotechnology, Santa Cruz, CA, USA, dilution 229 

1:100); and apoptosis (TUNEL – TdT-Fragel-Calbiochem, second manufacturer's 230 

instructions, Oncogene Research Products, Boston). The sections were submitted to a 231 

reaction with diaminobenzidine (DAB) and counterstained with Harris hematoxylin. 232 

Negative controls were used, omitting the incubation step with the primary antibody or 233 

enzyme (in the case of TUNEL). 234 

The relative percentage of positive and negative cells in the acinar epithelium 235 

was determined using measurement fields of the entire length of the slides. The ratio 236 

between the proliferation and cellular apoptosis of the acinar epithelium was also 237 

calculated by dividing the percentage of PCNA-positive by that of TUNEL-positive 238 

cells (% cell PCNA-positive/% cell TUNEL-positive). 239 

 240 

2.9. Statistical analysis 241 

All numerical data were expressed as means and standard error, and analyzed 242 

initially by analysis of variance (One-way ANOVA) and, subsequently, by a Tukey test 243 

for multiple comparisons (p ≤ 0.05 = significant), using the Statistica 7.0 program 244 

(Statsoft Inc., Tulsa, USA). 245 
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3. Results 246 

 247 

3.1. Body, adrenal and PC weights and testosterone hormone levels 248 

Biometric data (Table 1) showed no significant differences between the initial 249 

and final values of body and adrenal weights in all experimental groups, despite the 250 

increased weight of all animals held in captivity. The PC weights of the CO3d, CA3d 251 

and CO15d groups also did not differ statistically; however, the CA15d group had a 252 

significant reduction. The PC weights of the O3d and O7d groups had similar values to 253 

that of the CA15d group. Similarly, the T3d group did not show any significant 254 

difference when compared to the CA15d group. On the other hand, the T7d group 255 

presented an increase in PC weight, which displayed similar values to the normal 256 

pattern (control animals). These data indicated that the short-term treatments (3 days: 257 

CA3d and T3d) had weak effects on PC; however, the long-term treatments had a direct 258 

impact on PC. In the same way, they demonstrated the importance of testosterone for 259 

normal PC physiology, where its absence triggered a regression of the glandular 260 

complex and its supplementation promoted a recovery in function, observed in the 261 

increased weight. 262 

The serum hormone dosage (Table 1) showed a decrease in the level of 263 

testosterone in the CA3d and CA15d groups when compared with the CO3d and CO15d 264 

groups, but this decrease was not statistically significant. The O3d and O7d groups 265 

showed even lower values and the groups with hormone supplementation (T3d and 266 

T7d) had high values. 267 

 268 

3.2. Histology, stereological and morphometric analyses 269 

 270 

3.2.1. Castration effect 271 

The ventral region of the CO3d and CO15d groups showed normal 272 

morphology (epithelium with basal nuclei, lumen filled with globular secretion and a 273 

little of stroma - Figs. 2A-B, G-H) and the CA3d group (Figs. 2D-E) had no changes in 274 

morphology compared to these controls (Figs. 2A-B, 2G-H). However, the CA15d 275 

group presented a pronounced glandular regression with a large cell concentration (Figs. 276 

2J-K), regions with cellular debris (Fig. 2J) and changes in the glandular secretion (Fig. 277 

2K). Similarly, the dorsal region had no morphological differences between the CO3d 278 

(Fig. 2C), CA3d (Fig. 2F) and CO15d (Fig. 2I) groups; however, the CA15d group also 279 
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presented glandular regression, with increases in the stromal areas and in the epithelium 280 

height at the more peripheral regions (Fig. 2L). 281 

Stereologically, the ventral region presented no significant difference in the 282 

amount of epithelium between groups; however, the lumen and stroma varied inversely 283 

(Fig. 4A). The lumen presented higher values in the CO3d, CA3d and CO15d groups 284 

and a significant reduction in the CA15d group, while the stroma had lower values in 285 

the CO3d, CA3d and CO15d groups and a significant increase in the CA15d group 286 

(Figs. 2J-K). Similarly, the dorsal region showed similar behavior in relation to the 287 

lumen and stromal components (Fig. 3C). 288 

The morphometry of the dorsal region showed a small decline in the epithelium 289 

height in castrated groups (CA3d and CA15d - Fig. 4E). 290 

 291 

3.2.2. The effect of hormone supplementation 292 

The ventral region of the O3d (Figs. 3A-B), T3d (Figs. 3D-E) and O7d (Figs. 293 

3G-H) groups showed a similar morphology to the CA15d group (Figs. 2J-K), 294 

presenting pronounced glandular regression with regions indicative of a higher cell 295 

concentration, cellular debris, a change in the pattern of glandular secretion and also an 296 

increase in stromal areas. However, the long-term treatment with testosterone (T7d) 297 

showed a return to normal glandular morphology (Figs. 3J-K). Similarly, the dorsal 298 

region had no morphological differences between the O3d (Fig. 3C), T3d (Fig. 3F) and 299 

O7d (Fig. 3I) groups and the CA15d group (Fig. 2L); however, the long-term treatment 300 

with testosterone (T7d) showed a return to normal glandular morphology, with a decline 301 

in stromal areas (Fig. 3L). 302 

Stereologically, the ventral region presented no significant difference in the 303 

amount of epithelium between groups; however, the lumen and stroma varied inversely 304 

(Fig. 4B). The stroma was higher than the lumen in the O3d, T3d and O7d groups; 305 

however, the T7d group had a significant increase in the lumen and a consequent 306 

significant decrease in the stroma (Fig. 4B). Unlike the ventral region, the dorsal region 307 

showed a significant increase in the amount of epithelium in the groups treated with 308 

testosterone (T3d and T7d - Fig. 4D). However, it had a similar behavior in relation to 309 

the lumen and stromal components (Fig. 4D). 310 

The morphometry of the dorsal region showed an increase in the epithelium 311 

height in groups treated with testosterone (T3d and T7d - Fig. 4F). 312 

 313 
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3.3. Cell population census 314 

 315 

3.3.1. Ventral region 316 

The cell population census revealed a significant increase in the number of 317 

basal and the other cells in the CA15d group (Figs. 5A, D), in relation to the CO3d, 318 

CA3d and CO15d groups (Figs. 5A, C). This number remained high in the O3d, O7d 319 

and T3d groups (Figs. 5B, E), and returned to normal in the T7d group (Figs. 5B, F). 320 

 321 

3.3.2. Dorsal region 322 

The dorsal region presented a significant increase in the number of basal and 323 

other cells in the CA15d group (Figs. 5G, J) in relation to the CO3d, CA3d and CO15d 324 

groups (Figs. 5G, I). This number remained high in the O3d, O7d and T3d groups (Figs. 325 

5H, K), and was normal in the T7d group (Figs. 5H, L). 326 

 327 

3.3.3. Index p63-positive cell/p63-negative cell 328 

Dividing the number of basal cells by the other cells enabled the development 329 

of an index, which indicates that the CA15d group has a large number of basal cells, 330 

which was not found in the other groups (CA3d, CO3d and CO15d, Table in Figure 5). 331 

The groups with hormonal supplementation had similar patterns between the 332 

groups. The dorsal region of the T7d group showed a similar index to the control group 333 

on 3 and 15 days; however, the ventral region, even with supplementation, continued to 334 

have a higher index than the CA15d or control groups (Table in Figure 5). 335 

 336 

3.4. Immunohistochemistry 337 

 338 

3.4.1. Androgen receptor (AR) 339 

The AR immunohistochemistry showed, in both regions, a small decrease in 340 

AR-positive cells in the CA3d and CA15d groups in relation to the control groups 341 

(CO3d and CO15d); however, this decrease was not statistically significant (Ventral: 342 

Figs. 6A-E; Dorsal: Figs. 6G-K). On the other hand, in the hormone supplementation 343 

groups, there was a significant decrease in AR-positive cells in the O7d group (Figs. 6F, 344 

L).345 
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3.4.2. Cell proliferation (PCNA) 346 

PCNA showed a significant decrease of cell proliferation in the ventral region 347 

of the CA15d group (Figs. 7A, D) when compared with the CO3d (Fig. 7C), CO15d and 348 

CA3d groups. 349 

Groups submitted to hormone supplementation [T3d (Figs. 7B and 7G-H) and 350 

T7d] showed a recovery in cell proliferation, especially in the first days of the 351 

application of the hormone. This result indicates that the glandular remodeling is 352 

mediated by testosterone and this remodeling has a peak in the first application of the 353 

hormone (T3d, Figs. 7G-H). 354 

The dorsal region showed no significant differences in the number of PCNA-355 

positive cells in any of the studied groups (Figs. 7I-M). 356 

 357 

3.4.3. Apoptosis (TUNEL) 358 

The ventral region showed a significant increase in apoptosis in the CA15d 359 

group (Figs. 8A, D) when compared with the CO3d (Figs. 8A, C), CA3d and CO15d 360 

groups (Fig. 8A). O3d and O7d (Figs. 8B, E) had high rates of cell death, which were 361 

slightly lower than that of the CA15d group. The testosterone supplementation (T3d and 362 

T7d groups) caused a decline in cellular apoptosis (Figs. 8B, F). 363 

Similarly, the dorsal region also showed a significant increase in apoptosis in 364 

the CA15d group (Figs. 8G, J) when compared with the CO3d, CA3d (Figs. 8G, I) and 365 

CO15d groups (Fig. 8G). O3d (Figs. 8H, K) and O7d (Figs. 8H and 8L) had high rates 366 

of cell death, but they were lower than that of the CA15d group, and the T3d and T7d 367 

groups had a decline in cellular apoptosis (Fig. 8H); however, the values did not differ 368 

significantly. 369 

 370 

3.4.4. Rate of Cell Proliferation (PCNA/TUNEL) 371 

The PCNA/TUNEL ratio showed similar results for both regions (Figs. 8): a 372 

decline in castrated groups (CA15D, O3D and O7d) compared to control groups (CO3d 373 

and CO15d) and an increase in the groups treated with testosterone (T3d and T7d) 374 

compared to castrated groups (O3d and O7d). 375 

376 
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4. Discussion 377 

 378 

Aumuller and Seitz (1990) confirmed that the depletion of androgens in 379 

castration caused atrophy of the androgen-responsive organs, with a remarkable 380 

reduction in size and weight. In our work, the reduction in hormone levels caused 381 

changes in glandular morphology, such as increases in the cellular debris, percentage of 382 

stroma and modifications in their secretory pattern. The authors, together with 383 

Risbridger et al. (2001), postulated that this morphology returned to the normal pattern 384 

when testosterone was injected, since this hormone regenerated the prostatic epithelium, 385 

restoring the function and number of normal cells. Despite the fact that the decrease in 386 

the levels of serum testosterone in castrated groups (CA3d and CA15d) was not 387 

statistically significant, several similar morphological and physiological changes in the 388 

prostatic complex were related to castration, as was a return to the normal pattern in 389 

groups with hormone supplementation (T3d and T7d). Thus, the reduction in circulating 390 

testosterone (castration) caused a decrease in prostatic weight (Ca15d), which returned 391 

to the initial state with hormone supplementation (T7d), showing that the testosterone 392 

actively regulated the prostatic morphophysiology in A. planirostris, a pattern also 393 

observed in seasonal analyzes (Puga et al. 2014). 394 

Stereologically, we observed that the CA3d group maintained the morphology 395 

of the control groups (CO3d and CO15d), which indicates that both prostatic regions 396 

take longer than three days to respond to decreased levels of testosterone. Rochel-Maia 397 

et al. (2011) observed a similar pattern in gerbils, indicating significant differences in 398 

these parameters only in the 21 day castrated group; this pattern was also observed in 399 

the present study, where an increase in the stroma and the lumen regression occurred 400 

after 15 days of castration, with this morphology remaining altered in the groups treated 401 

with oil (O3D and O7d). The data also indicated that short-term treatments (injection of 402 

testosterone) have little effect on both prostatic regions, with the gland presenting 403 

patterns of reactivation only after a longer period (T7d) of testosterone administration. 404 

The cell population census indicated an increase in the density of basal and 405 

other cells in groups with reduced testosterone (castrated and oil injected groups) as 406 

expected due glandular regression and acini atrophy. Despite this, the Index p63-407 

positive/p63-negative, which is not affected by a decrease in the glandular area, 408 

furthermore showed the increase in the index in long-term castrated groups (CA15D, 409 

O3d and O7d), indicated the marked cell death and loss of secretory cells.  410 
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The data showed that the AR expression was directly related to the levels of 411 

serum testosterone, where it decline in castrated and increased in treated groups, as 412 

described in the literature (Cordeiro et al. 2008). However, Puga et al. (2014) identified 413 

that the dorsal region of A. planirostris had fewer AR-positive cells in the season with a 414 

higher level of testosterone in the blood. This divergence can be explained by the 415 

situation to which each study was subjected. In the first case, the AR-positive cells 416 

increased with testosterone level, because this gland was atrophied and needed to return 417 

to the normal activity pattern due to testosterone stimulation. In the second case, the 418 

gland was already morphologically active, so it did not need to increase the expression 419 

of AR. 420 

Similarly, there was a decline in cell proliferation in the CA15d group and a 421 

tendency to increase in the hormone supplementation groups, which indicated that 422 

testosterone was related to the rate of cell proliferation. However, when there was 423 

supplementation, the proliferation remained low, indicating that the testosterone was not 424 

the principal factor causing cell proliferation and the consequent glandular 425 

reestablishment. The data showed that the factor which most influenced the glandular 426 

restructuring was cell death, as it significantly increased in the castrated group (CA15d) 427 

along with a decline of cell proliferation, causing glandular regression. With hormone 428 

supplementation, cell death declined, which allowed a return of glandular activity, even 429 

in a low proliferation state. 430 

Cunha et al. (1996) affirmed that the morphology and function of the adult 431 

prostate tissue were maintained by the stimulation of the androgenic hormones, which 432 

regulated a balance between a very low proliferation rate and cell death. Pereira et al. 433 

(2006), studying the rat ventral prostate, also observed a decline in the rate of cell 434 

proliferation in castrated animals. In addition, Puga et al. (2014) had observed that the 435 

decrease in cellular proliferation in animals collected in the fall was related to the 436 

decline in testosterone levels. Therefore, we can conclude that, in A. planirostris, 437 

testosterone levels were more closely related to maintaining a low mortality rate than to 438 

promoting cellular proliferation. 439 

Kyprianou and Issacs (1988) claimed that surgical castration caused an abrupt 440 

and significant decrease in serum androgen levels, also causing a reduction in the 441 

prostate, as this is controlled by the level of androgens. This reduction induces apoptosis 442 

in prostatic secretory cells. Although our hormone data did not show significant 443 
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differences, we still observed a decline in testosterone, which directly influenced the 444 

prostatic morphology of the CA15d group. 445 

In the castrated group observed a higher rate of cellular death, which decreases 446 

in the castrated groups for prolonged periods (O3D and O7d), a fact that indicate that 447 

the bats have a response to the lack of testosterone slower than in rodents, in which the 448 

apoptosis process began after 24 hours of castration, increased significantly between 48 449 

and 72 hours and declined thereafter (Shabisgh et al. 1999). 450 

The decline in cellular apoptosis, observed in the ventral region of the hormone 451 

supplementation groups, was in agreement with that postulated by Puga et al. (2014), 452 

who showed that there was a decline in cellular apoptosis in the summer, which was the 453 

season with the highest hormone level. On the other hand, the dorsal region of the 454 

CA15d group showed an increase in apoptotic cells when compared to the control 455 

groups (CO3d and CO15), which was clearly explained by the surgical castration that 456 

caused an abrupt and significant decrease in serum androgen levels and also a reduction 457 

in blood flow to the prostate, thus inducing apoptosis in prostatic secretory cells 458 

(Kyprianou and Issacs 1988). 459 

Our data indicated that both prostatic regions were responsive to the ablation 460 

and supplementation of testosterone; however, the ventral region was more sensitive to 461 

changes in testosterone than the dorsal, having a higher cell renewal, which may be 462 

explained by its holocrine pattern. The prostatic regulation by testosterone seemed to be 463 

more closely related to maintaining a low mortality rate than to the promotion of 464 

cellular proliferation, with an accentuated decrease in proliferation and an increase in 465 

apoptosis in the castrated groups and inhibition of apoptosis and only a small increase in 466 

proliferation in the groups treated with testosterone. 467 
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Figure 2. Histological general pattern of castration effects in the prostatic complex 

of Artibeus planirostris. Ventral region: A-B. Three days control group (CO3d); D-E. 

Three days castrated group (CA3d); G-H. Fifteen days control group (CO15d); J-K. 

Fifteen days castrated group (CA15d): observe the larger number of cells in the 

glandular epithelium, the occurrence of cellular debris (J, arrow) and the modification 

of the glandular secretion (K, asterisk). Dorsal region: C. Three days control group 

(CO3d); F. Three days castrated group (CA3d); I. Fifteen days control group (CO15d); 

L. Fifteen days castrated group (CA15d): note the increase in stromal areas (#) and in 

the epithelium height (insert). (Ep, epithelium; St, stroma; L, lumen). Stained: A-D-G-

J: Picrosirius, details HE; B-E-H-K: PAS; C-F-I-L: Picrosirius, details HE. Scale bar: 

All figures= 50 µm; all details = 10 µm. 
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Figure 3. Histological general pattern of the hormonal supplementation effects in 

the prostatic complex of Artibeus planirostris. Ventral region: A-B. Castrated - three 

days oil injected group (O3d); D-E. Castrated - three days testosterone injected group 

(T3d); G-H. Castrated - seven days oil injected group (O7d), the arrows indicated 

cellular debris (inserts); J-K. Castrated - seven days testosterone injected group (T7d): 

note the decline in stromal areas (J) and the restoration of the full secretory activity (K, 

asterisk). Dorsal region: C. Castrated - three days oil injected group (O3d); F. Castrated 

- three days testosterone injected group (T3d); I. Castrated - seven days oil injected 

group (O7d). L. Castrated - seven days testosterone injected group (T7d). (Ep, 

epithelium; St, stroma; L, lumen). Stained: A-D-G-J: Picrosirius, details HE; B-E-H-K: 

PAS; C-F-I-L: Picrosirius, details HE. Scale bar: All figures= 50 µm; all details = 10 

µm. 
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Figure 4. Stereology and morphometry of the prostatic complex of the eight 

experimental groups of Artibeus planirostris: three days control group (CO3d); three 

days castrated group (CA3d); fifteen days control group (CO15d); fifteen days castrated 

group (CA15d); castrated - three days oil injected group (O3d); castrated - three days 

testosterone injected group (T3d); castrated - seven days oil injected group (O7d); and 

castrated - seven days testosterone injected group (T7d). (A-B. Ventral region; C-F. 

Dorsal region; A-C-E. Castrated groups; B-D-F. Hormonal supplementation groups). 
a,b,c Different superscript letters indicate significant differences between groups 

(ANOVA at p < 0.05). 
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Figure 5. Cell population census analyses of the prostatic complex of Artibeus 

planirostris submitted to p63 immunohistochemistry. A-F. Ventral region. G-L. 

Dorsal region. A-B. Graphics corresponding to the quantification of the basal (p63 

positive) and secretory cells of the ventral region. C. CO3d. D. CA15d. E. O7d. F. T7d. 

G-H. Graphics corresponding to the quantification of the basal (p63 positive) and 

secretory cells of the dorsal region. I. CO3d. J. CA15d. K. O7d. L. T7d. TABLE. Index 

p63-positive/p-63-negative. a,b,c Different superscript letters indicate significant 

differences between groups (ANOVA at p < 0.05). Scale bar: All figures= 50 µm; 

details Figs, C, D and I= 10 µm; detail Fig. E= 20 µm. 
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Figure 6. Immunostaining of the androgen receptor (AR) in all experimental 

groups of Artibeus planirostris. A-F. Ventral region. G-L. Dorsal region. A. CO15d; 

B. T3d; C. T7d; D. Negative control of ventral region; E-F. Graphics corresponding to 

the quantification of AR-positive cells of the ventral region; G. CO15d; H. CA15d; I. 

T3d; J. Negative control of dorsal region; K-L. Graphics corresponding to the 

quantification of AR-positive cells of the dorsal region. Counter-staining: Hematoxylin. 
a,b,c Different superscript letters indicate significant differences between groups 

(ANOVA at p < 0.05). Scale bar: All figures= 10 µm 
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FIGURE 6. 
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Figure 7. Expression of the PCNA in all experimental groups of both glandular 

regions of Artibeus planirostris. A-B. Graphics corresponding to the quantification of 

PCNA-positive cells of the ventral region. C-H. Ventral region: C. CO3d. D. CA15d. 

E-F. O3d. G-H. T3d. I-J. Graphics corresponding to the quantification of PCNA-

positive cells of the dorsal region. K-M. Dorsal region: K-L. CO3d. M. T7d. (Arrows, 

PCNA-positive cells; Ep, epithelium; St, stroma; L, Lumen). Counter-staining: 

Hematoxylin. a,b,c Different superscript letters indicate significant differences between 

groups (ANOVA at p < 0.05). Scale bar: Figs. G, K and M= 50 µm; Figs. C,D, E and 

L=20 µm; Figs. F, H and detail M= 10 µm. 

 



53 

 

FIGURE 7. 
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Figure 8. Apoptotic cell (TUNEL) in all experimental groups of both glandular 

regions of Artibeus planirostris. A-B. Graphics corresponding to the quantification of 

TUNEL-positive cells of the ventral region. C-F. Ventral region. C. CO3d. D. CA15d. 

E. O7d. F. T7d. G-H. Graphics corresponding to the quantification of TUNEL-positive 

cells of the dorsal region. I-L. Dorsal region. I. CA3d. J. CA15d. K. O3d. L. O7d. 

(Arrows, TUNEL-positive cells; Ep, epithelium; St, stroma; L, lumen). Counter-

staining: Hematoxylin. TABLE. Index PCNA/TUNEL. a,b,c Different superscript letters 

indicate significant differences between groups (ANOVA at p < 0.05). Scale bar: Fig. 

E= 50 µm; Figs. C, D, F, I, J, K and L=20 µm; detail Figs. E and K= 10 µm. 
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FIGURE 8. 



 

 

 
 
 
 
 
 
 
Table 1. Biometric and hormonal data in the eight experimental groups. 

a,b,c
 Different superscript letters indicate significant differences between experimental groups (ANOVA at p < 0.05). 

 

 

 

 

BIOMETRIC AND HORMONAL DATA 
 Group Initial Weight (g) Final Weight (g) Adrenal (mg) Prostatic Complex (mg) Testosterone (ng/dL) 

Castration 
Effect 

CO3d 47.7±1.0 51.2±1.7 8.6±0.9 64.5±19.2a,b 68.8±29.9a 

CA3d 47.1±1.5 48.7±1.5 8.9±0.6 70.6±8.7a,c 29.9±2.1a 

CO15d 45.7±1.5 50.2±2.2 6.7±0.6 77.6±14.8a 63.5±5.0a 

CA15d 47.8±1.1 52.2±2.6 6.6±0.6 26.9±2.8b 21.7±0.9a 

Supplementation 
Effect 

O3d 47.0±2.0 52.0±1.7 8.2±0.6 32.2±9.3b,c,d 7.2±3.5a 

T3d 47.3±1.5 51.0±1.6 7.4±0.6 35.9±3.2b 463.7±103.6b 

O7d 48.5±1.5 50.4±1.5 7.0±0.4 32.6±2.7b 8.3±3.9a 

T7d 47.6±1.2 48.3±1.1 8.1±0.9 70.9±5.8a,d 489.5±76.5b 

5
6
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IV- Artigo 2: The effects of bilateral orchiectomy followed testosterone 1 

supplementation on the bulbourethral gland of Artibeus planirostris (Chiroptera: 2 

Phyllostomidae). 3 

 4 
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Les effets de la castration suivies supplémentation en testostérone sur la glande 6 

bulbo du Artibeus planirostris (Chiroptera: Phyllostomidae). 7 
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ABSTRACT 26 

This study evaluated the effects of testosterone in the bulbourethral glands (BG) of the 27 

bat, Artibeus planirostris, performing the castration and posterior hormonal 28 

supplementation of the animals. The results showed a decrease in testosterone levels in 29 

animals 15-days castrated (CA15d), which induced a small reduction in epithelium 30 

height and in AR+ cells percentage and an increase in amount of basal cells. This 31 

regression became more severe in longer castrated groups (O3D; O7d), where there was 32 

also an increase in apoptotic cells. Moreover, the hormonal supplementation increased 33 

testosterone levels (T3; T7), causing a glandular reactivation that increased the 34 

epithelium height and AR expression. In conclusion, observed that the BG takes longer 35 

to respond to ablation of testosterone than other reproductive glands, since it showed 36 

evident aspects of regression only in the animals castrated for 22 days. 37 

 38 

KEYWORDS: Bat, Castration, Hormone supplementation, Testosterone, bulbourethral 39 

 40 

MOTS-CLÉS: chauve-souris, castration, suppléments hormonaux, testosterone, glande 41 

bulbo 42 

43 
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INTRODUCTION 44 

 45 

The bulbourethral gland (BG), one of the reproductive accessory glands, is 46 

very important in the male reproductive function of different mammalian species. The 47 

secretion of these glands usually cleans the urine from the urethra, and subsequently 48 

helps in the lubrication of the vagina, as this is released before ejaculation [1]. 49 

The BG structurally differs in different species of mammals. It is completely 50 

absent in moles [2], in dogs and in aquatic mammals [3], is poorly developed in man 51 

[4], but well developed in the pig [5]. The morphology of the BG has been studied in 52 

various mammals, especially rodents such as hamster, rat, chinchillas, rabbits and the 53 

cane rat [6,7,8,9,10,11]. 54 

Despite the few studies about the reproductive glands of bats, Puga et al. 55 

[12,13,14] and Christante et al. [15] observed that, macroscopically, the BG of Artibeus 56 

planirostris, Platyrrhinus lineatus and Molossus molossus, respectivelly, is an oval-57 

shaped acinar gland, which was partially surrounded by muscular tissue and contained a 58 

columnar epithelium with basal nuclei. The columnar epithelial cells were filled with 59 

many secretory droplets of variable electron density, which are released at the apex of 60 

the epithelium, where there are small projections of the cell membrane. 61 

The literature related to the influence of androgens in the reproductive glands is 62 

always related to the prostate gland. These studies show that surgical castration cause an 63 

abrupt and significant decrease in serum androgen levels and a reduced blood flow to 64 

the prostate, which induces apoptosis in endothelial and secretory cells [16,17]. After 65 

castration, the epithelium regresses, but the epithelial cells remain sensitive to 66 

androgens. Thus, testosterone replacement regenerates the prostatic epithelium by 67 

restoring the function and number of normal cells [18]. 68 

There are few studies related to the effect of castration on BG, with these 69 

showing different responses among mammals. Aykroyd e Zuckerman [19] showed that 70 

there was regression only in the peripheral part of the BG of mature male Rhesus 71 

monkey, which had been castrated for five months. Similarly, Barrington (1913 apud 72 

[19]) noticed little regression in the first year after castration in guinea pigs. On the 73 

other hand, these results are very different from those found in rats [20], which show 74 

quick and marked changes post-castration. 75 

Thus, based on the conflicted relationship of the BG with testosterone in 76 

mammals and the wide variation in reproductive patterns of bats, the aim of this study 77 



60 

 

was to evaluate the testosterone effect in BG of A. planirostris, through castration and 78 

posterior hormone supplementation. 79 

 80 

MATERIALS AND METHODS 81 

 82 

Species, ageing and experimental design 83 

The species analyzed was Artibeus planirostris [21], which is an exclusively 84 

Neotropical species of phyllostomid bat that is not listed as endangered on the 85 

International Union for Conservation of Nature (IUCN) Red List of Threatened Species. 86 

The bats were aged as adults based on body weight, complete ossification of 87 

the metacarpal-phalangeal epiphyses, wear of the teeth [22], positioning of the testes 88 

and the presence of sperm inside the testes, cauda epididymis and/or urethra 89 

[12,23,24,25,26,27]. 90 

Artibeus planirostris is a wild species that is protected by federal laws in Brazil 91 

(IBAMA). Adding to these, its harem structure (with a single male mated to multiple 92 

females) means that the collection of male specimens directly influences the structure 93 

and dynamics of the populations. Thus, the number of specimens used in this study was 94 

the maximum number obtained from a balance between the minimum number required 95 

for relevant statistical analyses and the maximum number of individuals that could be 96 

collected without destroying or disrupting the colonies of bats. 97 

Thus, forty-six sexually male mature specimens were analyzed. Eight groups 98 

were formed (Fig. 1): I) 3 days control (CO3d, n=4); II) ) 3 days castrated (CA3d, n=7); 99 

III) 15 days control (CO15d, n=5); IV) 15 days castrated (CA15d, n=7); V) 15 days 100 

castrated with injection of mineral oil for 3 days (O3d, n=4); VI) 15 days castrated with 101 

testosterone cypionate (1µg/Kg/day) supplementation for 3 days (T3d, n=7); VII) 15 102 

days castrated with injection of mineral oil for 7 days (O7d, n=5) and VIII) 15 days 103 

castrated with testosterone cypionate (1µg/Kg/day) supplementation for 7 days (T7d, 104 

n=7). 105 

 106 

Study area, capture and licenses 107 

The animals were collected in the city of São José do Rio Preto, in the 108 

northwest of São Paulo State, Brazil, (49W22'45", 20S49'11"), which is located 500 109 

meters above sea level. This is a semi-flat region, set in a degraded Cerrado biome, with 110 

meso-thermal climate (rainy summers and dry winters). 111 
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The captures were concentrated in the summer (21st December to 21st March) 112 

in order to minimize variations arising from seasonality [23] and to focus on changes 113 

caused by treatments. The captures were performed at night using mist nets (3m x 6m), 114 

which were positioned to intercept bats flying 1–3 m above the ground. The nets were 115 

precisely placed on possible flight routes or exits from shelters. 116 

The experimental procedures were approved by the Ethics Committee of 117 

IBILCE-UNESP (Process: 036/2010 – CEUA), and the capture of animals was 118 

authorized by the Brazilian Institute of the Environment, IBAMA (Process: 21707-1). 119 

The animals were treated according to the recommendations of the Committee on Care 120 

and Use of Laboratory Animals from the Institute of Laboratory Animal Resources, 121 

National Research Council, “Guide for the Care and Use of Laboratory Animals” 122 

(Committee on Care and Use of Laboratory Animals, 1980). 123 

 124 

Castration and maintenance of the animals 125 

To standardize the study, after capture, the animals were kept in cages (40 cm x 126 

20 cm x 20 cm) with water and food (pieces of papaya, banana or other fruit) ad libitum, 127 

in a specific room in darkness at 25–30oC. These conditions were only used in the 128 

period between the end of the capture and the next morning, at which the bats were 129 

anesthetized with a mixture of ketamine (Dopalen-Vertebrands, Paulínia, SP, Brazil; 130 

370 mg/kg) and xylazine (Rompun – Bayer S.A., São Paulo, SP, Brazil; 16 mg/kg), 131 

which was applied at an amount of 0.1 ml per 50g of body weight (0.08 ml ketamine 132 

plus 0.02 ml of xylazine). After anesthesia, bilateral orchiectomy was performed, with a 133 

small incision in the inguinal region, in which the testicle and epididymis were removed 134 

after cutting the deferent duct.  135 

After castration, the animals were maintained in the Laboratory of Microscopy 136 

and Microanalysis of the Department of Biology (IBILCE/UNESP) in a specific room 137 

in darkness at 25–30oC. They were accommodated in cages (100cm length x 50cm 138 

width x 30cm height) dotted with grids at the superior portion to facilitate aeration, 139 

proper positioning of the animal (upside down) and feeding. Only 2 or 3 animals were 140 

placed per cage to avoid the stress of overpopulation. The animals received water ad 141 

libitum and, since it is a frugivorous species, the feeding corresponded to fresh and 142 

tender fruits (papaya, banana, etc.), which were changed every day. The cages were 143 

cleaned every day, with the water exchange and the supplementation of the feed being 144 

performed simultaneously in order to cause the lowest possible stress to the animal, 145 
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with these processes occurring without the direct manipulation of the animals. All 146 

animals were manipulated only for the performance of the treatments (injections of 147 

testosterone). 148 

 149 

Processing of the animals 150 

To standardize, all specimens were euthanized in the morning by deep 151 

anesthesia (mixture of ketamine and xylazine), administered subcutaneously, and 152 

positioned in dorsal decubitus on the dissection board. After the body weight was 153 

measured, blood samples were collected by endocardial puncturing. A longitudinal 154 

incision in the skin was performed, from the anus to the penis, thereby exposing the 155 

penile root, allowing the BG removed and fixed for analysis. 156 

All specimens are archived in the Chiroptera Collection of the Laboratory of 157 

Chiroptera at the Univ. Estadual Paulista, UNESP; Instituto de Biociências, Letras e 158 

Ciências Exatas, IBILCE. 159 

 160 

Serum hormone dosage 161 

The blood, collected by endocardial puncture, was immediately centrifuged at 162 

1,200g to separate the serum, and frozen at -80°C for subsequent analysis of 163 

testosterone levels. The testosterone dosages were performed by ELISA 164 

Capture/Sandwich (antibody-antigen-antibody), using specific commercial kits 165 

(Cayman Chemical Company, Ann Arbor, Michigan, USA - Item # No. 582701) of high 166 

sensitivity (6.0 pg/ml), with coefficients of variation for an inter-assay of 32.0 pg/ml. 167 

Readings were taken using an Epoch™ Multi-Volume Spectrophotometer System 168 

(BioTekInstruments, VT, USA) reader. 169 

 170 

Histology 171 

The BG was fixed by immersion in Metacarn fixative solution (methanol: 172 

chloroform: acetic acid – 6:3:1) for 3 h at 4oC, dehydrated in ethanol, clarified in xylene 173 

and embedded in paraffin (Histosec – MERK, Darmstadt, Germany). Sections of 4μm 174 

were stained with hematoxylin-eosin (HE [28]), periodic acid-Schiff (PAS [29]) and 175 

Picrosirius [30]) or submitted to immunostainings. Microscopic analyses were 176 

performed using an Olympus BX60 microscope (Olympus Optical Co., Ltd., Tokyo, 177 

Japan) with coupled image analyzer (Image Pro Plus version 6.1 for Windows - 178 

Copyright © 1993-2006 Media Cybernetics, Inc.). 179 
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Stereological analysis and morphometry 180 

The following measurements were performed on cross sections of the BG 181 

using the Image Pro-Plus-Media Cybernetics, version 6.1 for Windows computer 182 

software for image analysis: the relative percentage of glandular compartments 183 

(epithelium, lumen and stroma), the epithelium height and the cell population census. 184 

Stereology: for this analysis, 50 fields of the slides stained by HE (dorsal 185 

region) and Picrosirius (Ventral region) were randomly selected from each experimental 186 

group. The relative frequency of glandular components (epithelium, lumen and stroma) 187 

was calculated applying an M130 multipoint test system [31]. 188 

Morphometry: to measure the epithelium height, 20 random fields were 189 

captured from each animal, with three measurements performed in each field, 190 

accumulating a total of 300 measurements for each experimental group. 191 

The cell population census was conducted on blades submitted to P63 192 

immunohistochemistry (protocol described below). For this analysis, 50 fields of the 193 

slides submitted to P63 immunohistochemistry were selected from each experimental 194 

group. In each field, the amounts of basal and secretory cells were measured by direct 195 

counting of nuclei. 196 

 197 

Transmission electron microscopy 198 

The BG were processed for transmission electron microscopy (TEM) as 199 

follows. First, the BG was fixed 24 h by immersion in a solution of 3% glutaraldehyde 200 

plus 0.25% tannic acid in Millonig buffer (pH 7.3) containing 0.54% glucose [32]. After 201 

washing with same buffer, the samples were post-fixed with 1% osmium tetroxide for 2 202 

h, dehydrated in a graded series of acetone and embedded in Araldite 502 Resin 203 

(Electron Microscopy Sciences, Hatfield, PA, USA). Ultrathin sections (50 nm) were 204 

made using diamond knives, stained with 2% uranyl acetate for 30 min [33] followed by 205 

2% lead citrate in sodium hydroxide for 10 min [34] and then analysed using TEM 206 

(906; Leo-Zeiss, Cambridge, UK) at the Prof. Dr Celso Abbade Mourão Center for 207 

Microscopy (IBILCE-UNESP). 208 

 209 

Immunohistochemistry and TUNEL analysis 210 

After microwaving for antigen retrieval, non-specific binding was blocked 211 

prior to incubation with primary antibodies against: androgen receptor (AR) – rabbit 212 

polyclonal IgG (sc-816/Santa Cruz Biotechnology, Santa Cruz, CA, USA, dilution 213 



64 

 

1:75); p63 – mouse monoclonal IgG2a (sc-25268/Santa Cruz Biotechnology, Santa 214 

Cruz, CA, USA, dilution 1:100); proliferating cell nuclear antigen (PCNA) – mouse 215 

monoclonal IgG2a (sc-56/Santa Cruz Biotechnology, Santa Cruz, CA, USA, dilution 216 

1:100); and apoptosis (TUNEL – TdT-Fragel-Calbiochem, second manufacturer's 217 

instructions, Oncogene Research Products, Boston). The sections were submitted to a 218 

reaction with diaminobenzidine (DAB) and counterstained with Harris hematoxylin. 219 

Negative controls were used, omitting the incubation step with the primary antibody or 220 

enzyme (in the case of TUNEL). To confirm the results, immunostainings were 221 

performed in triplicate sets. 222 

The relative percentage of positive and negative cells in the acinar epithelium 223 

was determined using measurement fields of the entire length of the slides. The ratio 224 

between the proliferation and cellular apoptosis of the acinar epithelium was also 225 

calculated by dividing the percentage of PCNA-positive by that of TUNEL-positive 226 

cells (% cell PCNA-positive/% cell TUNEL-positive). 227 

 228 

Statistical analysis 229 

All numerical data were expressed as means and standard error, and analyzed 230 

initially by analysis of variance (One-way ANOVA) and, subsequently, by a Tukey´s 231 

test for multiple comparisons (p ≤ 0.05 = significant), using the Statistica 7.0 program 232 

(Statsoft Inc., Tulsa, USA). 233 

 234 

RESULTS 235 

 236 

Biometrics and hormonal data 237 

Although there has been an increase in body weight of all animals held in 238 

captivity, no significant differences were observed between the initial and final values 239 

of body (Fig. 2A) in all experimental groups. The serum testosterone dosage (Fig. 2B) 240 

showed the decrease in the level of testosterone in CA3d (29.9±2.1ng/dL) and CA15d 241 

(21.7±0.9ng/dL) groups, when compared with the CO3d (68.8±29.9ng/dL) and CO15d 242 

(63.5±5.0ng/dL) groups. The O3d (7.2±3.5ng/dL) and O7d (8.3±3.9ng/dL) groups 243 

showed even lower values (Fig. 2B) and the groups with hormone supplementation 244 

[T3d (463.7±103.6ng/dL) and T7d (489.5±76.5ng/dL)] had high values (Fig. 2B). 245 

246 



65 

 

Histology, stereological and morphometric analyses  247 

The BG of the CO3d and CO15d groups showed normal morphology, (Figs. 248 

3A-B, E-F) contained a columnar epithelium with basal nuclei and secretion granular 249 

and PAS positive. The CA3d group (Figs. 3C-D) had no changes in morphology 250 

compared to these controls (Figs. 3A-B, E-F). However, the CA15d group presented a 251 

small glandular regression with an acinar reduction (Fig. 3G-H). The groups O3d (Figs. 252 

4A-B) and T3d (Figs. 4C-D) showed a similar morphology to the CA15d group (Figs. 253 

3C-D), presenting a small glandular regression. 254 

The long-term treatment without testosterone (O7d) showed a great glandular 255 

regression (Figs. 4E-F), with a change in the pattern of glandular secretion and also an 256 

increase in stromal areas. However, the long-term treatment with testosterone (T7d) 257 

showed a return to normal glandular morphology, with a decline in stromal areas (Fig. 258 

4G-H). 259 

Stereologically, the BG did not show significant changes in groups CO3d, 260 

CA3d, CO15d and CA15d. Observes a tendency to a small reduction in the epithelium 261 

and increased stromal in CA15d group (Fig. 5A). In the supplementation of testosterone 262 

the epithelium decreased significantly in the group O7d; the lumen increased in groups 263 

treated with testosterone (T3d and T7d) and stroma decreased in the T7d (Fig. 5B). 264 

The morphometry showed a small significant decline in the epithelium height 265 

in the CA15d group (Fig. 5C). Oil-treated groups (O3d and O7d) showed a decrease in 266 

epithelium height. The groups treated with testosterone (T3d and T7d - Fig. 5D) showed 267 

an increase in the epithelium height, being more pronounced in group treated with 268 

testosterone for a longer time (T7d). 269 

 270 

Ultrastructural data 271 

The BG did not present differences in the ultrastructure in the groups CO3d, 272 

CA3d, CO15d and CA15d (Fig. 6A-L). The BG had a columnar epithelium, with basal 273 

nuclei (Fig. 6A-D-G-J). The columnar epithelial cells were filled with many secretion 274 

droplets of variable electron density (Fig. 6). These vesicles are released at the apex of 275 

the epithelium, where there are small projections of the cell membrane (Fig. 6C-F-L and 276 

detail in the Fig. 6I). In all groups, the cells presented a cytoplasm with large volume of 277 

endoplasmic reticulum and Golgi complexes (Fig. 6B-E-H-K). 278 

The groups O3d (Fig. 7A-B-C) and T3d (Fig. 7D-E-F) showed ultrastructure 279 

similar to the groups already described. Moreover, O7d group (Fig. 7G-HI) showed a 280 
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decrease in secretory vesicles, which were concentrated at the apex of the cell and also 281 

of cellular components, such as reticulum and Golgi complex. And the group treated 282 

with testosterone for 7 days (T7d) showed a return of the glandular activity, with many 283 

secretory vesicles, with large volume of endoplasmic reticulum and Golgi complexes 284 

(Fig. 7J-K-L) 285 

 286 

Cell population census 287 

The cell population census revealed a significant increase in the number of 288 

basal and the other cells in the CA15d group (Figs. 8A, D), in relation to the CO3d, 289 

CA3d and CO15d groups (Figs. 8A, C). In the groups treated with testosterone for long 290 

period (T7d) has a decreased in the number of other cells in relation to the O3d, T3d and 291 

O7d groups (Figs. 8B, E), but the basal cell remains constant (Figs. 8B, E, F). 292 

 293 

Index p63-positive cell/p63-negative cell 294 

Dividing the number of basal cells by the other cells enabled the development 295 

of an index, which indicates that the BG did not show significant changes in groups 296 

CO3d, CA3d, CO15d and CA15d. Observes a tendency for an increase in the index in 297 

the group CA15d (Table in Figure 8). In the supplementation of testosterone observed 298 

that the O3d showed a decline in the index, and a return to the initial index in T7d group 299 

(Table in Figure 8). 300 

 301 

Immunohistochemistry 302 

Androgen receptor (AR) 303 

The AR immunohistochemistry showed an increase in AR-positive cells in the 304 

CO15d group in relation to CO3d, CA3d and Ca15d groups (Figs. 9A, C and D). On the 305 

other hand, in the hormone supplementation groups, there was a significant increase in 306 

AR-positive cells in the groups treated with testosterone (T3d and T7d), and a decrease 307 

in the groups private of testosterone to long periods (O3d and O7d) (Figs. 9B, E and F). 308 

309 
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Cell proliferation (PCNA) 310 

PCNA did not show significant differences in the castrated groups (CO3d, 311 

CA3d, CO15d and CA15d, Figs. 10A, C, D). The groups O3d and O7d showed a 312 

decrease of PCNA-positive cells in comparison with CA3d and CA15d groups (Fig. 313 

10A-E). The groups submitted to hormone supplementation for 3 and 7 days [T3d (Figs. 314 

10B and 10E-H) and T7d] had an increase of the proliferation. 315 

 316 

Apoptosis (TUNEL) 317 

The BG showed significant increase in the number of apoptotic cells only in 318 

O7d group (Figs. 10H). In the other groups the values did not differ significantly. 319 

 320 

Rate of Cell Proliferation (PCNA/TUNEL) 321 

The PCNA/TUNEL ratio showed an increase in CA15d group compared to 322 

control groups (CO3d, CA3d and CO15d) and a decline in the group castrated for long 323 

period (O7d). 324 

 325 

DISCUSSION 326 

 327 

This study represents the first evaluation of the relation of testosterone and the 328 

BG in bats. The BG is a gland very important of the reproductive system of the different 329 

mammalian species.  Its secretion is released before ejaculation, its function is to clear 330 

the urethra and help the vagina lubrication [1]. 331 

There are few studies related to the effect of castration on BG, with these 332 

showing different responses among mammals [19,20]. The literature related to the 333 

influence of androgens in the reproductive glands is always related to the prostate gland. 334 

Thus, based on the importance of this gland, in the absence of work related to the 335 

subject, conflicted relationship of the BG with testosterone in mammals and the wide 336 

variation in reproductive patterns of bats. Emphasize the importance of this study, in 337 

which to evaluate the effect of testosterone in BG of A. planirostris, through castration 338 

and posterior hormone supplementation. 339 

In this study did not observe significant differences between the initial and 340 

final values of body parameters in all experimental groups, although the increased body 341 

weight of all animals held in captivity. Thus showing that castration and subsequent 342 

hormone supplementation does not influence significantly the weight of the animals. 343 
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The testosterone dosage showed a tendency of decrease in CA3d and CA15d 344 

groups, when compared with the CO3d and CO15d groups, but the BG presented only a 345 

small regression in the CA15d. Only in the O7d there was a great glandular regression, 346 

indicating that the BG of the A. planirostris is less dependent on testosterone, as its 347 

regression happened after 22 days of castration, when testosterone levels is very low. 348 

However, the long-term treatment with testosterone (T7d) showed a return to normal 349 

glandular morphology, with a decline in stromal areas, thus showing that there is a fast 350 

return of the gland when injected testosterone. 351 

The cell population census indicated an increase in the number of basal and 352 

others cells in CA15d group; however, this increase is closely associated with the initial 353 

glandular regression itself, as there was an accentuated decrease in the acini and 354 

decrease of epithelial height. 355 

The androgen receptor showed little marking of epithelial cells in the control 356 

groups. This may be related to a delay in response of this gland to testosterone. When 357 

the testosterone level decreases, the number of AR-positive cells also decreases, causing 358 

the glandular regression confirmed in morphology. Cordeiro et al. [35] observed that, in 359 

prostate, the AR expression was directly related to the levels of serum testosterone, 360 

where it decline in castrated and increase in groups treated with testosterone, as 361 

described here for the GB. 362 

The cell proliferative and apoptotic rate changed significantly only in long-363 

term castrated group (O7d), showing that the BG has a smaller dependency to the lack 364 

of testosterone than other male reproductive glands The prostate for example presents a 365 

significant regression in animals castrated for at least 15 days [36]. 366 

There are few studies related to the effect of castration on BG, with these 367 

showing different responses among mammals. In these studies the effect of castration 368 

was observed over long periods. Aykroyd e Zuckerman [19] showed that there was 369 

regression only in the peripheral part of the BG of mature male Rhesus monkey that had 370 

been castrated for five months and Barrington (1913 apud [19]) noticed little regression 371 

in the first year after castration in guinea pigs. These results are very different from 372 

those found for rats [20], which show quick and marked changes post-castration. 373 

In conclusion, the present study provides the first information on the 374 

histological and ultrastructural features of BG in the bat (Artibeus planirostris) 375 

subjected to castration and hormone supplementation. The study showed that the BG 376 
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takes longer to respond to ablation of testosterone than other reproductive glands, as 377 

evident regression was observed only in the group with 22 days of castration (O7d). 378 

 379 
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FIGURE 1. 
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Figure 2. Biometric and hormonal data. A. Graphs of the initial and final corporal 

weight of eight experimental groups of Artibeus planirostris. B. Testosterone levels of 

eight experimental groups of Artibeus planirostris. 
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FIGURE 2. 

 



78 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Histological general pattern of the bulbourethral gland of four 

experimental groups of Artibeus planirostris. A-B. Three days control group (CO3d); 

C-D. Three days castrated group (CA3d); E-F. Fifteen days control group (CO15d); G-

H. Fifteen days castrated group (CA15d). (Ep, epithelium; St, stroma; L, lumen). 

Stained: A-C-E-G: HE, details Picrosirius; B-D-F-H: PAS. Scale bar: A-C-E-G= 50 

µm; all details = 20 µm; B-D-F-H= 10 µm. 
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FIGURE 3. 
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Figure 4. Histological general pattern of the bulbourethral gland of four 

experimental groups of Artibeus planirostris. A-B. Castrated - three days oil injected 

group (O3d); C-D. Castrated - three days testosterone injected group (T3d); E-F. 

Castrated - seven days oil injected group (O7d); G-H. Castrated - seven days 

testosterone injected group (T7d). (Ep, epithelium; St, stroma; L, lumen). Stained: A-C-

E-G: HE, details Picrosirius; B-D-F-H: PAS. Scale bar: A-C-E-G= 50 µm; all details 

= 20 µm; B-D-F-H= 10 µm. 
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FIGURE 4. 
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Figure 5. Stereology (A and B) and morphometry (C and D) of the bulbourethral 

gland of the eight experimental groups of Artibeus planirostris:  three days control 

group (CO3d); three days castrated group (CA3d); fifteen days control group (CO15d); 

fifteen days castrated group (CA15d); castrated - three days oil injected group (O3d); 

castrated - three days testosterone injected group (T3d); castrated - seven days oil 

injected group (O7d); and castrated - seven days testosterone injected group (T7d). A-B. 

Stereology: percentage of the glandular components (epithelium, lumen and stroma). C-

D. Morphometry: epithelial height (µm). a,b,c Different superscript letters indicate 

significant differences between groups (ANOVA at p < 0.05). 
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Figure 6. Ultrastructural data of the bulbourethral gland of four experimental 

groups of Artibeus planirostris. A-B-C. Three days control group (CO3d); D-E-F.  

Three days castrated group (CA3d); G-H-I. Fifteen days control group (CO15d); J-K-

L. Fifteen days castrated group (CA15d). Note the nuclei basal and the vesicle secretion 

in the apex (A-D-G-J) and the large amount of endoplasmic reticulum in the cellular 

cytoplasm (B-E-H-I-K and detail of F), in C-F-L and detail of I, note the apex of the 

cell with secretory surface (arrows). (CG, Golgi complex; m, mitocrondria; N, nucleo; 

RER, endoplasmic reticulum; V, vesicle). Scale bar: 2000nm (D-G-J); 1000nm (A-B-

E-H-I-K-L); 250nm (C-F). 
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FIGURE 6. 
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Figure 7. Ultrastructural data of the bulbourethral gland of four experimental 

groups of Artibeus planirostris. A-B-C. Castrated - three days oil injected group (O3d). 

D-E-F. Castrated - three days testosterone injected group (T3d), note that both groups 

are similar to the groups already described. G-H-I. Castrated - seven days oil injected 

group (O7d), note decreased secretory vesicles, which were concentrated at the apex 

cell and also of cellular components. J-K-L. Castrated - seven days testosterone injected 

group (T7d), note the return of the gland activity: with many secretory vesicles, with 

large volume of endoplasmic reticulum and Golgi complex apparent. (Arrow, Apex 

secretion; Ep, epithelium; CG, Golgi complex; L, lumen; m, mitocrondria; N, nucleo; 

RER, reticulum endoplasmatico; St, stroma; V, vesicle). Scale bar: 5µm (G); 4000nm 

(J); 2000nm (A-B-D-F-H-I); 1000nm (C-K); 500nm (detail of C-L). 
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FIGURE 7. 
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Figure 8. Cell population census analyses of the bulbourethral gland of Artibeus 

planirostris submitted to p63 immunohistochemistry. A-B. Graphics corresponding 

to quantification of the basal (p63 positive) and others cells. C. CO15d. D. CA15d. E. 

O7d. F. T7d. Table: Index p63-possitive/p63-negative cell. Counter-staining: 

Hematoxylin. a,b,c Different superscript letters indicate significant differences between 

groups (ANOVA at p < 0.05). Scale bar: 50 µm. 
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Figure 9. Immunostaining of the androgen receptor (AR) in all experimental 

groups of bulbourethral gland of Artibeus planirostris. A-B. Graphics corresponding 

to the quantification of AR-positive cells. C. CO3d. D. CA3d. E. O3d. F. T3d. Counter-

staining: Hematoxylin. a,b,c Different superscript letters indicate significant differences 

between groups (ANOVA at p < 0.05). Scale bar: 10 µm. 
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Figure 10. Amount of proliferation (PCNA) and apoptotic cell (TUNEL) in all 

experimental groups of bulbourethral gland of Artibeus planirostris. A-F. PCNA 

analysis. G-L. TUNEL analysis. A-B. Graphics corresponding to the quantification of 

PCNA-positive cells. C. CA3d. D. CO15d. E. O7d. F. T7d. G-H. Graphics 

corresponding to the quantification of TUNEL-positive cells. I. CO3d. J. CA3d. K. 

O7d. L. T3d. Table: Index PCNA/TUNEL positive cell. Counter-staining: 

PCNA=Hematoxylin; TUNEL=metil green. a,b,c Different superscript letters indicate 

significant differences between groups (ANOVA at p < 0.05). Scale bar:10 µm. 
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FIGURE 10. 
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VI- CONSIDERAÇÕES FINAIS 

 

Quanto aos animais no cativeiro... 

Este trabalho objetivou avaliar a dependência das glândulas reprodutivas 

acessórias de machos de Artibeus planirostris (Chiroptera: Phyllostomidae) pelo 

hormônio testosterona. E para que esse objetivo fosse alcançado havia a necessidade de 

fazer a cirurgia (castração) e manter os morcegos em cativeiro por um maior período. 

Este foi o primeiro desafio deste trabalho, como manter esse tipo de animal de forma 

que o experimento não fosse afetado? 

No intuito de minimizar o efeito do cativeiro nos animais, esse trabalho 

começou com um projeto piloto, no qual se verificou como os animais seriam tratados e 

como eles reagiriam ao cativeiro. E com as adequações esses animais 

supreendentemente não apresentaram sinais de estresse, se alimentaram durante todo o 

período de cativeiro. Assim, pode-se afirmar que o cativeiro não teve influência nos 

resultados mostrados neste trabalho. 

 

Quanto à relação das glândulas reprodutivas acessórias com a 

testosterona... 

Os resultados indicaram que ambas as regiões prostáticas são afetadas pela 

ablação de testosterona, apresentando uma queda na proliferação celular e um aumento 

na apoptose. Já a glândula bulbouretral apresentou uma pequena redução na altura do 

epitélio e na quantidade de células AR + e um aumento no número de células basais no 

grupo castrado por 15 dias. No entanto, nos grupos castrados por tempo maior (18 e 22 

dias), essa regressão foi mais acentuada com um aumento significativo do número de 

células apoptóticas. A suplementação hormonal ocasionou um retorno da morfologia 

normal em ambas as glândulas. Os dados demonstraram que a região ventral foi mais 

sensível a alterações na testosterona do que a dorsal, apresentando uma maior renovação 

das células. E observou-se que a BG leva mais tempo para responder a ablação de 

testosterona do que o complexo prostático, já que apresentou regressão evidente apenas 

no grupo com 22 dias de castração. 
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