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RESUMO

O tamandua-bandeira (Myrmecophaga tridactyla, Linnaeus 1758) € um mamifero
da ordem Pilosa e da familia Myrmecophagidae. O sistema reprodutor masculino
do tamandua-bandeira € constituido por testiculos, vesiculas seminais, ducto
seminal, prostata, glandula bulbouretral e pénis, todos os 6rgdos se encontram
dentro da cavidade abdominal com exce¢ao do pénis e uma parte da uretra.
Apesar de apresentarem funcdes semelhantes aos outros mamiferos, existem
algumas caracteristicas morfologicas adaptativas distintas como, por exemplo,
os testiculos que se localizam na cavidade abdominal. Apesar da importancia da
avaliacdo morfologica dessas glandulas para determinacdo de estratégias
reprodutivas, pouco se explora sobre a avaliacdo morfologica, histoquimica e
imuno-histoquimica em tamandud-bandeira. Foram coletadas amostras de
prostata, vesicula seminal, glandula bulbouretral e ducto de Muller de 28
espécimes, fixadas e processadas para as andlises histoquimicas e
imunoistoquimicas. Nas analises histoquimicas com coloracdes HE, PAS e
MASSON, foi possivel descrever a estrutura tecidual e a organizacao celular
desses tecidos. A préstata foi descrita como semelhante a de outros mamiferos
e possui duas partes distintas: a zona central e a periférica. Além disso, seu
epitélio glandular esta concentrado apenas na zona periférica, enquanto a uretra
pélvica esta em contato direto apenas com a zona central. A vesicula seminal &
uma glandula cheia de ductos que se esvaziam na uretra, caracterizada por
epitélio de transicdo, estroma de tecido conjuntivo e uma fina camada de
musculo que envolve o 6rgao. A glandula bulbouretral é repleta de glandulas
mucosas com uma distribuicdo mais homogénea quando comparada a prostata.
O epitélio colunar pseudoestratificado possui trabéculas que dividem os dois
lobos deste 6rgao. O ducto de Mller, que é a vagina remanescente nos machos
e nao involui em tamanduas, apresenta células colunares bem-organizadas e
estroma de tecido conjuntivo. Na imuno-histoquimica, observou-se que o0s
individuos jovens exibem uma pontuacdo de PCNA mais elevada em
comparacdo com os adultos, indicando uma atividade proliferativa aumentada
nos tecidos durante a juventude. COL IV apresentou uma pontuagdo mais alta

nos jovens, exceto na vesicula seminal, onde a matriz extracelular dos animais



mais jovens foi gradualmente substituida por colageno IV ao longo do
crescimento. PSA estava presente em todas as glandulas, especialmente nos
ductos prostaticos e na uretra. P63 demonstrou uma distribuicdo descontinua
semelhante a dos cées.. Finalmente, as estruturas do tamandua-bandeira possui
algumas peculiaridades quando comparadas as espécies domesticas, como a
permanecia de testiculo na cavidade abdominal e a vagina vestigial, mas
compartilham essas caracteristicas com os outros Xenarthras podendo ser
usado como modelo de estudo para essas outras espécies, que possuem poucos

ou nenhum relato na literatura.

Palavras-chave: Xenarthra; Glandulas sexuais acessorias; Histomorfologia;

Expresséao proteica;



ABSTRACT

The giant anteater (Myrmecophaga tridactyla, Linnaeus 1758) is a mammal of
the order Pilosa and the family Myrmecophagidae. The male reproductive system
of the giant anteater consists of testicles, seminal vesicles, seminal duct,
prostate, bulbourethral gland, and penis, all of which are located within the
abdominal cavity, except for the penis and a portion of the urethra. Despite having
similar functions to other mammals, there are some distinct morphological
adaptive characteristics, such as the location of the testicles within the abdominal
cavity. Despite the importance of morphological evaluation of these glands for
determining reproductive strategies, little has been explored regarding
morphological, histochemical, and immunohistochemical evaluation in giant
anteaters. Samples of the prostate, seminal vesicle, bulbourethral gland, and
Miuller's duct were collected from 28 specimens, fixed, and processed for
histochemical and immunohistochemical analyses. In histochemical analyses
using HE, PAS, and MASSON staining, it was possible to describe the tissue
structure and cellular organization of these tissues. The prostate was described
as similar to that of other mammals and has two distinct parts: the central and
peripheral zone. Additionally, its glandular epithelium is concentrated only in the
peripheral zone, while the pelvic urethra is in direct contact only with the central
zone. The seminal vesicle is a gland filled with ducts that empty into the urethra,
characterized by transitional epithelium, connective tissue stroma, and a thin
layer of muscle that surrounds the organ. The bulbourethral gland is full of
mucous glands with a more homogeneous distribution when compared to the
prostate. The pseudostratified columnar epithelium has trabeculae that divide the
two lobes of this organ. Miller's duct, which is the remaining vagina in males and
does not involute in giant anteaters, has well-organized columnar cells and
connective tissue stroma. In immunohistochemistry, it was observed that young
individuals exhibit a higher PCNA score compared to adults, indicating increased
proliferative activity in tissues during youth. COL IV showed a higher score in the
young, except in the seminal vesicle, where the extracellular matrix of younger
animals was gradually replaced by collagen IV over their growth. PSA was
present in all glands, especially in prostatic ducts and the urethra. P63
demonstrated a discontinuous distribution similar to that in dogs. Finally, the
structures of the giant anteater possess some peculiarities when compared to
domestic species, such as the retention of testicles in the abdominal cavity and
the vestigial vagina. However, they share these characteristics with other
Xenarthrans and can be used as a study model for these other species, which
have few or no reports in the literature.

Keywords: Xenarthra; Accessory sex glands; Histomorphology; Protein
expression.
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1. INTRODUCAO

O tamandua-bandeira é um mamifero da familia Myrmecophagidae,
considerado um dos mais antigos do planeta. Faz parte de uma ordem tao antiga
quanto que sdo os Xenarthras, mamiferos placentarios com caracteristicas
distintas. Dentro dessa ordem temos dois grupos principais: Cingulata (tatus) e
pilosa (preguicas e tamanduéas) (DELSUC e DOUZERY, 2008). Apesar do status
vulneravel da espécie e da falta de estudos sobre sua reproducdo, a analise
histoquimica pode ser uma técnica poderosa para entender a biologia
reprodutiva desta espécie fascinante e desenvolver estratégias eficazes de
conservacgao para sua protecao.

A espécie é classificada como vulneravel pela Lista Vermelha de Espécies
Ameacadas da Unido Internacional para Conservacao da Natureza (IUCN), onde
recebe a classificacdo A2c que significa que a espécie apresenta declinio
populacional, com evidéncias de extincdo em algumas regibes onde antes era
encontrada com continua degradacdo do habitat nos ultimos 40 anos
(BERTASSONI et al.,, 2017; MIRANDA et al., 2014). A principal ameaca a
espécie é o atropelamento, jA& que sua movimentacdo lenta e habito de
atravessar estradas em busca de cupinzeiros coloca-os em risco (MIRANDA,
2012). Estédo sendo feitos esforcos para a conservagado da espécie, incluindo a
instalacdo de placas de sinalizagdo, passagens subterraneas e limites de
velocidade em areas de grande trafego de animais selvagens.

E uma espécie fascinante, caracterizada por sua morfologia e
comportamentos Unicos. A reproducdo desta espécie é bastante desafiadora
devido a seus hébitos solitarios e a grande extensdo de seu territério, o que
aumenta as chances de falha na reproducdo (SUPERINA, 2012; DESBIEZ et al,
2020). Além disso, os tamandudas-bandeira possuem uma baixa taxa reprodutiva,
0 que aumenta sua vulnerabilidade a extingcdo, principalmente em decorréncia
das atividades humanas. O trato reprodutivo dos tamanduéas-bandeira apresenta
caracteristicas unicas, como a localizagdo abdominal dos testiculos, presenca
do ducto paramesonéfricos e presenca das glandulas sexuais acessorias:
bulbouretral, vesicula seminal e préstata (SOARES, 2016).

A literatura tras uma similaridade dos Xenarthras com algumas espécies,
em principal com os equideos em relacdo as suas caracteristicas reprodutivas e

apesar de ainda ndo estar descrito na literatura as fungdes e importancias das
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glandulas sexuais masculinas no tamandua-bandeira pode-se inferir essa
similaridade (LUBA et al., 2015). Em equideos as glandulas bulbouretrais sé&o
responsaveis pela producédo de um fluido alcalino e mucoso que é liberado antes
da ejaculag&o com objetivo de neutralizar a acidez residual na uretra, protegendo
0S espermatozoides. A vesicula seminal € quem produz o maior volume de
liquido seminal, esse liquido contém acgucares, enzimas e outras substancias
que fornecem a energia necessaria para 0s espermatozoides com objetivo de
melhorara sua motilidade. Ja a prostata secreta uma substancia que também
ajuda a ativar e manter essa motilidade, além de tambéem auxiliar na
neutralizacdo da acidez da uretra e no trato reprodutivo das fémeas (VERNER
et al., 1987; JEANNERAT et al., 2017).

Em equinos o ejaculado é dividido em trés fracBes, a primeira (também
chamada de porcdo pré-sinusal) consiste basicamente das secrecfes das
glandulas bulbouretrais, com funcdo de realizar essa limpeza na uretra e
preparar para receber os espermatozoides, a segunda fracdo (por¢éo sinusal) €
composta por liquido da vesicula seminal e da prostata, sendo a maior parte do
volume ejaculado. E por ultimo, a terceira fracdo (pos-sinusal) € composta pelos
fluidos prostaticos, ele vai ter funcdo de liquefacdo do coagulo seminal para
facilitar a motilidade espermatica (JEANNERAT et al., 2017; ABDEL-BAKY etal.,
2020).

Em tamanduas estudos trazem que o liquido seminal € dividido em duas
fracGes: a primeira tem uma coloracdo mais esbranquicada, com caracteristica
leitosa e grande nimero de células esperméticas. Ja a segunda apresenta uma
coloracdo translucida, com caracteristica mais condensada e auséncia de
células espermaticas, similar a outros animais como cavalos, cachacos, javalis
e catetos (LUBA et al, 2015). Este estudo ainda traz que a funcéo fisioldégica da
segunda fragdo se mantém sem esclarecimento e pode haver variagdes entre as
espécies.

Pouco ainda é conhecido sobre os aspectos histologicos (FROMME et al.,
2021; MOURA et al., 2021), histoquimicos (MOURA et al., 2021) e
imunoistoquimicos (MOURA et al., 2021) do trato reprodutor do tamandua-
bandeira. A imuno-histoquimica € uma técnica usada em pesquisa biomédica
para detectar proteinas especificas em amostras de tecido, permitindo entender

sua expressao, localizagdo e funcdo (MEYER e MEYER, 2010). Ela é
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especialmente util no estudo de animais selvagens, fornecendo informacdes
sobre a estrutura e funcao normal do tecido em diferentes espécies. Um exemplo
recente é um estudo realizado em ursos pretos americanos, que identificou uma
estrutura intestinal Gnica adaptada aos ciclos de hibernagdo desses animais
(EVANS et al., 2019). Outro exemplo € um estudo em jacarés americanos, que
descobriu que os andrégenos desempenham um papel importante no
crescimento e diferenciacédo da pele desses animais (GUILLETTE et al., 1995).
A imuno-histoquimica tem se mostrado uma técnica valiosa para entender a
funcdo normal do tecido e estados de doenca em humanos e animais, sendo util
em Varios campos da pesquisa biomédica.

Assim, a técnica de imuno-histoquimica pode ser aplicada para avaliacdo
de diferentes proteinas em amostras teciduais para melhor caracterizacdo
histomorfoldgica, e identificacdo de particulares nas espécies domeésticas e
selvagens. Para o tamandua-bandeira, apenas um estudo prévio investigou
proteinas teciduais da prostata do tamandué-bandeira (MOURA et al., 2021) e
nenhum outro estudo investigou perfil de expresséo de diferentes proteinas em
outras glandulas sexuais acessorias. Neste contexto, fazem necessarias novas
pesquisas para determinacdo das caracteristicas morfologicas e o perfil de
expressdo de diferentes proteinas nas glandulas sexuais acessoérias desta
espécie.

E possivel através da técnica de imuno-histoquimica identificar, localizar
e quantificar proteinas relacionadas a reproducédo animal, como horménios e
receptores hormonais. O estudo da expressdo génica também se mostra
importante durante diferentes estagios do desenvolvimento reprodutivo, como
por exemplo animais jovens e adultos. O entendimento dessas caracteristicas

auxilia no desenvolvimento de novas biotecnologias reprodutivas desta espécie.

2. REVISAO DE LITERATURA

O tamandua-bandeira (Myrmecophaga tridactyla, Linnaeus 1758) € um
mamifero da super-ordem Xenarthra, ordem Pilosa, subordem Vermilingua e da
familia Myrmecophagidae. Os Xenarthras em geral tem registro a mais de 65 mil
anos, surgindo no Terciario e é considerada o berco dos mamiferos, atualmente
consiste em 31 espécies vivas que sdo divididas em duas ordens, cinco familias

e 14 géneros. O tamandua-bandeira, também conhecido como tamandua-
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gigante, estad classificado como vulneravel e com indicacbes de declinio
populacional, pelo “Livro Vermelho da Fauna Brasileira Ameagada de Extingao”
(ICMBio, 2018), e pela “Red List of Threatened Species da International Union
for Conservation of Nature” (Uni&o Internacional de Conservagéo da Natureza —
IUCN) onde recebe a classificagdo como A2c que indica que a espécie esta em
declinio populacional e com reducéo do habitat natural (MIRANDA et al., 2014;
IUCN, 2014). O seu status de vulnerabilidade pode ser justificado por ser
constantemente alvo de atropelamentos, vitima em queimadas, ataques de caes,
além da interferéncia humana através na destruicdo de seu habitat natural em
areas agricolas e na caca ilegal (IUCN, 2014; VERSIANI, 2016; TORRES, 2019;
MIRANDA, 2012).

O tamandua-bandeira € predominantemente encontrado nas regides de
cerrado. Este bioma brasileiro € composto por uma vegetacdo de savana
intercalada com pequenas areas de floresta semidecidual, cujas caracteristicas
ambientais heterogéneas séo ideais para promover uma adequada
termorregulacdo a espécie (BERTASSONI et al., 2017).

A espécie é uma importante predador e controlador de populacbes de
insetos como os cupins e formigas e pode chegar a consumir 30 mil desses
insetos por dia. Esse controle é realizado através do comportamento alimentar
de voltar ao cupinzeiro ou formigueiro durante algumas semanas, sugerindo a
importancia do tamandua para a agricultura (MONTGOMERY e LUBIN, 1985;
BRAGA, 2010). Dentro da cadeia alimentar, o tamandua € uma fonte de alimento
para grandes felinos, como a oncga-pintada e o puma, podendo chegar a 8% de
ocorréncia na dieta desses animais (PORFIRIO 2009; BRAGA 2010).

A alimentacdo dos tamanduas é restrita a formigas e/ou cupins e suas
caracteristicas anatdbmicas, fisioldgicas e até comportamentais sdo diretamente
relacionadas a esse habito alimentar (NEVES e ROCHA-LIMA, 2019). Dentre as
adaptacdes anatdmicas e fisioloégicas que os tamanduas possuem, destacam-
se: o formato alongado do cranio; a lingua coniforme e longa que pode chegar a
atingir 60cm de comprimento; auséncia dos dentes; e glandulas salivares bem
desenvolvidas (MEDRI, MOURAO e HARADA, 2003; NEVES e ROCHA-LIMA,
2019).

Os parametros fisiologicos da espécie mudam de acordo com fatores

como o0 ambiente e a alimentagcdo (OLIVEIRA et al.,, 2018). Parametros
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fisioldgicos de animais em cativeiro devem ser comparados com outros animais
em cativeiro, e os de vida livre com animais de condi¢cdes similares, essa
restricdo associada a um metabolismo basal baixo, torna o estabelecimento de
valores de referéncia para esses animais dificil. Outro exemplo visto neles é o
testiculo intra-abdominal que ndo completa o descenso e instala-se no processo
vaginal, o que € incomum na maioria dos mamiferos — com excecéo dos outros
xenartras (ROSSI et al., 2012; SOARES, 2016; MIRANDA, 2012). Isso ocorre
devido a temperatura corpérea mais baixa desses animais comparados aos
outros mamiferos. Com isso, ndo ha riscos de interferéncia na
espermatogénese.

Durante a vida, machos e fémeas mantém-se solitdrios e apenas se
encontram no periodo de reproducdo. Dado o nascimento dos filhotes, estes
permanecem com as maes durante a amamentacao (JUNIOR e BERTASSONI,
2014). Eles séo considerados animais poligamicos e a época reprodutiva se
estende de dezembro a janeiro. Apesar disso, muitas vezes o encontro desses
animais é dificil, haja vista o comportamento de deslocamento por longas areas
das regifes que habitam (SUPERINA, 2012; DESBIEZ et al., 2020).

A reproducao do tamandua é lenta, tanto os machos quanto as fémeas
atingem a maturidade sexual aproximadamente entre 24 e 48 meses de idade,
mas ha relatos na literatura de animais precoces com maturidade sexual aos 16
meses (GAUDIN et al., 2017). As fémeas tém um longo periodo de gestacao de
170 a 190 dias, sendo aproximadamente um filhote por ano, que fica com a mae
por pelo menos seis meses (MIRANDA et al., 2014). Nesse contexto, 0 ato da
cOpula exige demasiada precisao e, para isso, todo o trato reprodutivo é
acionado.

O sistema reprodutor masculino do tamandua-bandeira é formado por
testiculos, vesiculas seminais, ducto seminal, prostata, ducto de Muller, glandula
bulbouretral e pénis, todos os 0Orgdos se encontram dentro da cavidade
abdominal com excecdo do pénis e uma parte da uretra (SOARES, 2016). A
funcdo de cada glandula no tamandua ainda néo esta bem esclarecida, mas
sabe-se que o ejaculado possui divisdo em duas fragbes, uma rica em
espermatozoides e outra com formacdo de um gel de dificil dissolugdo que
funciona como um tampéo e ndo permite o retorno do liquido seminal no trato
reprodutivo da fémea (LUBA et al., 2015).
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Apesar de possuirem funcdes semelhantes com os demais mamiferos,
existem algumas caracteristicas morfolégicas adaptativas diferentes entre os
estagios de desenvolvimento até a completa formacdo dos érgdos como por
exemplo os testiculos que permanecem em cavidade abdominal por néo
completarem a fase de descenso e espermatozoides com formato da cabeca
arredondado (ROSSI et al., 2012).

Além da reproducao ex situ, o conhecimento de tais estruturas anatdmicas
€ importante nos programas de reproducao in situ, auxiliando na manutencao da
espécie. Apesar da vulnerabilidade e do ciclo reprodutivo demorado, pesquisas
a respeito da reproducdo e biotecnologias reprodutivas para essa espécie ainda
séo escassas (ROSSI et al., 2012).

Estudos sobre as glandulas reprodutoras masculinas e os marcadores
imunoistoquimicos e histoquimicos para esses tecidos sdo amplamente
realizados na espécie humana (REIS et al., 2019), e em animais domésticos que
possuem, em comum com 0s tamanduas, algumas ou todas as glandulas
sexuais: prostata, vesicula seminal e glandula bulbouretral (Figura 1),
principalmente os cées por ser um animal modelo para o estudo de diversos
processos oncolégicos (LEIS-FILHO e FONSECA-ALVES, 2018).

Prostata
Vesicula seminal
Gléandula bulbouretral

FIGURA 1. Representacéo do Sistema Urogenital do cdo (Canis lupus familiaris).
(A), tamandud-bandeira (Myrmecophaga tridactyla) (B) e do homem (Homo
sapiens sapiens) (C). Adaptado de Van-De-Graaff (2003); Soares (2016); Konig
(2016). (*) Ducto de Muller.
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A maior glandula anexa a uretra do tamandua € a prostata (Figura 2), com
formato bilobado e irregular. Sua localizacéo € dorsal na parte cranial da uretra
pélvica. Macroscopicamente a préstata humana é dividida em trés zonas
(central, transicao e periférica) (Figura 3) enquanto a canina € dividida em duas:
corpo e parte disseminada (Figura 4) (BARONI et al., 2009; LEIS-FILHO e
FONSECA-ALVES, 2018) e segundo Moura et al. (2021) e Soares (2016) no
tamandua é sugerida a divisdo em zonas central ou corpo que é caracterizado
como uma massa compacta e periférica ou disseminada que circula a parede da

uretra.

@ Ilustragao esquematica da divisao da prostata do tamandua
Zona periferica

Zona central
Lumen uretral

FIGURA 2. Representacdo esquematica da préstata do tamandua-bandeira
(Myrmecophaga tridactyla). Adaptado de MOURA et al. (2021).

Ilustragao esquematica da divisdao da prostata do homem
Zona periferica
Zona de transicao
Zona central
Lamen uretral

FIGURA 3. Representacdo esquematica da prostata do homem (Homo sapiens
sapiens). Adaptado de BARONI et al. (2009).
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Ilustragao esquematica da divisao da prostata do cao
Corpo prostatico
Parte disseminada
- Ltmen uretral

FIGURA 4. Representacdo esquematica da préstata do cédo (Canis lupus
familiaris). Adaptado de SOUZA e TONIOLLO (2001).

Na estrutura histologica os tecidos encontrados nos animais podem ser
classificados de acordo com o a composicao das células e matriz extracelular e
formam o tecido epitelial, conjuntivo, muscular e nervoso. O epitélio € encontrado
nas superficies de revestimento e nas glandulas e é denominado de acordo com
sua forma e funcao (Figura 5) (ROSS et al., 2019; JUNQUEIRA e CARNEIRO,
2018).
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FIGURA 5. Representacao dos tipos de tecido epitelial. (A) Pseudo-estratificado;
(B) Simples cubico; (C) Estratificado escamoso; (D) Simples colunar; (E)
Estratificado colunar; (F) Estratificado de transi¢céo; (G) Simples pavimentoso.
Adaptado de ROSS et al., 2018.

O tecido conjuntivo € o que mais tem subtipos e é responsavel por fornece
0 suporte estrutural aos 6rgaos e tecidos do corpo e proteger contra lesées. Por
exemplo, ele pode ser composto por: fibroblastos que produzem as fibras de
colageno e elastina para dar suporte ao tecido; Adipdcitos que séo responsaveis
pelo armazenamento de energia em forma de lipidios, isolamento térmico e
protecdo mecanica; Condrdcitos que produzem uma matriz extracelular rica em
proteoglicanos e fibras de coldgeno e formam a cartilagem (ROOS et al., 2019).

De forma geral, histologicamente as glandulas acessoérias masculinas
(prostata, glandula bulbouretral e vesicula seminal) humanas e canina sao
compostas por epitélio cuboide ou pseudoestratificado, granulos de secrecéo,
estroma fibromuscular, lamina prépria, musculatura lisa e esquelética
(JUNQUEIRA e CARNEIRO, 2013).

A avaliacdo imuno-histoquimica em estudos classificados como ciclo
basico permite que através do entendimento de estruturas proteicas podemos
classificar o subtipo celular o que contribui para o entendimento da fisiologia da
espécie, possibilitando a correlagdo com espécies com estruturacdo bioldgica
simular ja estudadas.

A imuno-histoquimica (IHQ) € uma técnica amplamente utilizada na
identificacdo de proteinas especificas em tecidos ou células através da detec¢ao
de proteinas alvo que é realizada por meio da marcacéo do anticorpo com uma
molécula de deteccdo, que pode ser fluorescente, enzimética ou de outra
natureza (TAYLOR e LEVENSON, 2006; BUSSOLATI, 2008). A molécula de
deteccdo pode ser ligada ao anticorpo por meio de uma reacdo quimica
especifica ou por meio de ligagbes covalentes. Apds a marcacgéo do anticorpo, a
amostra € lavada para remover qualquer anticorpo ou molécula de detec¢do ndo

especifica, permitindo a analise dos resultados (Figura 6) (SHI et al., 1991).
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J )\,_/\:1

FIGURA 6. Representacdo das etapas da imunoistoquimica. (A) Antigenos
presentes da membrana celular. (B) Anticorpo primario (verde) se ligando aos
antigenos. (C) Polimero do anticorpo secundério se ligando ao priméario. (D)
Crémogeno se ligando ao polimero. Adaptado de BUCHWALOW e BOCKER
(2010).

Diversos marcadores imunoistoquimicos podem ser utilizados para
caracterizacao proteica das células de acordo com a composicdo estrutural das
células que a compdem e o conjunto tecidual. Alguns anticorpos como colageno,
vimentina, citoqueratina, receptor de andrégeno e uroplaquina lll ja estdo bem
caracterizados e descritos em diversos mamiferos domésticos e silvestres
(TOOM et al., 2019; ALMEIDA JUNIOR., 2004; FERREIRA & BARROS, 2020;
MAK e MEI, 2017; NASCIMENTO et al., 2018). No entanto, quando se trata dos
tamanduas, tais informacdes sdo pouco exploradas (LUNA et al., 2014; ROSSI
etal., 2012). AIHQ é amplamente usada desde pesquisas de base até pesquisas
clinicas complexas, a escolha dos marcadores em um estudo de caracteristica
descritiva é determinada pelo que se é esperado de presenca e distribuicdo de
um antigeno em um tecido saudavel (O’HURLEY et al., 2014). A partir desta

informagédo foram estabelecidos os seguintes marcadores com descricao e
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caracterizacdo na literatura dos mesmos tecidos, tanto em humanos quanto

animais:

Os receptores de andrégenos (AR) estdo presentes nos 6rgdos sexuais
de animais jovens e adultos, como por exemplo a préstata, tanto no
parénguima, quanto no estroma (COOKE et al., 1991). E ainda um
importante cofator de transcricdo desses oOrgdos e afeta diretamente o
desenvolvimento e a maturacdo desses 6rgaos, podendo também atuar
como potencial adjuvante no diagndéstico precoce de tumores celulares
nesses orgaos (TOOM et al., 2019). Sua expressdo vem sendo associada
a estudos comportamentais durante a reproducdo. Além de ser uma
ferramenta valiosa para compreender a funcdo normal dos tecidos e o0s
estados de doenca tanto em humanos quanto em animais. Seu uso em
animais selvagens oferece insights sobre a biologia reprodutiva e o
comportamento de diversas espécies, por exemplo, um estudo recente
utilizou imuno-histoquimica para detectar a expressao do AR nos
testiculos de veados-campeiros machos selvagens durante a temporada
de acasalamento (GALLEGO-CALVO et al., 2021).

P63 é um anticorpo com marcacao nuclear em células do tipo mioepitelial
que fica entre a membrana basal e as células epiteliais, ou em
diferenciacéo de células escamosas de algumas neoplasias (GURCUS et
al.,, 2019; SHIMADA et al., 2009). Alguns estudos associam esse
marcador com o indice reprodutivo, tendo comparado que em humanos o
p63 estd envolvido nos mecanismos precursores espermaticos e na
diferenciacéo e maturacéo das células presentes no Ducto de Muller das
fémeas (AMELIO et al., 2012; KURITA E CUNHA, 2001).

O Antigeno de proliferacdo celular nuclear (PCNA) € uma molécula
indispensavel para que o DNA consiga realizar os processos de
replicacéo e reparagéo que ocorrem por meio das interacdes das diversas
proteinas em replicacdo do DNA, sendo possivel acompanhar a regulagéo
do ciclo celular dos tecidos através dessa marcacdo (PRELICH et al.,
1987; STRZALKA e ZIEMIENOWICZ, 2011). Aléem disso é possivel
identificar o ciclo reprodutivo de espécies que segundo a literatura, a partir
da iniciagdo da espermatogénese mantem um nivel alto e constante da

concentracdo do gene PCNA, podendo inferir o inicio da vida fértil desses
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animais. Ao detectar a expressdao de PCNA, os pesquisadores podem
identificar quais células em uma amostra de tecido estdo passando por
divisao celular e obter insights sobre a dinamica da proliferagcédo celular
nesse tecido (MAGA e HUBSCHER, 2003). Em tecido normal, o estudo
da expressdo de PCNA pode auxiliar os pesquisadores a compreender
melhor os processos de crescimento e regeneracdo tecidual, como
durante o desenvolvimento embrionario ou a reparacao de tecidos ap6s
lesbes (FRANCO et al., 2010). Além disso, pode ajudar a identificar e
caracterizar populagdes de células-tronco em varios tecidos, uma vez que
as ceélulas-tronco frequentemente apresentam niveis elevados de
expressdo de PCNA (STRZALKA e ZIEMUENOWIZ, 2015)

Todas as membranas basais contém colageno do tipo IV (COL V), que é
uma fibra longa responsavel pela resisténcia e elasticidade tecidual, bem
como auxilia no processo cicatricial, fatos que a tornam um marcador
essencial na caracterizacao tissular (MAR e MEI, 2017; SOUZA et al.
2021). E particularmente importante em tecidos que necessitam de alta
resisténcia mecanica e resisténcia a deformacdo, como membranas
basais que separam e sustentam varios tecidos e 6rgdos. Além disso,
desempenha um papel importante na adesédo celular, migracéo,
diferenciacdo e sinalizacdo, e estd envolvido na regulacdo do
comportamento celular e na homeostase tecidual (KALLURI et el., 2004;
HOHENESTER et al., 2007).

O marcado para o0 antigeno especifico prostatico (PSA) que é
continuamente utilizado como primeira escolha quando se fala sobre a
prostata devido a sua utilizagdo no cancer de prostata (CHELI ET AL.,
1998). Mas além disso 0 PSA é importante pelo seu envolvimento na
degradagcdo pos-ejaculacdo das proteinas seminais que inibem a
motilidade em humanos (ROBERT ET AL., 1997).

4. OBJETIVOS
4.1 OBJETIVO GERAL

Avaliar e caracterizar morfologicamente, por histoquimica e imuno-

histoquimica, as glandulas sexuais acessoérias masculinas (prostata, bulbouretral

e vesicula seminal) do tamandua-bandeira.

23



4.2 OBJETIVO ESPECIFICO

Caracterizar a morfologia da prostata, bulbouretral e vesicula seminal de
tamanduas-bandeira, machos adultos e jovens;

Definir as caracteristicas tissulares das glandulas sexuais acessorias do
Tamandua-bandeira por meio de técnicas histoquimicas;

Identificar a expressao imuno-histoquimica de AR, P63, PCNA, Colageno
IV e PSA, nos diferentes componentes celulares das glandulas sexuais

acessorias do Tamandua-bandeira.
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Simple Summary: The giant anteater is classified as a vulnerable species, and
the development of new techniques and strategies for the conservation of these
individuals is necessary. However, little is known about the anatomical,
morphological, and gene expression aspects of the male reproductive tract.
Therefore, this study aimed to describe the morphology and
immunohistochemical characteristics of the male sexual glands of free-living
giant anteaters. Overall, we described the histological aspects of the male
reproductive tract and identified similar characteristics to other domestic animals,
but its main differences include the presence of the Millerian duct and skeletal
striated muscle tissue in the prostate. Immunohistochemistry revealed the
expression of the following proteins: AR, P63, PCNA, COL IV, and PSA in the
sexual glands.

Abstract: The giant anteater (Myrmecophaga tridactyla, Linnaeus 1758) is a
mammal of the superorder Xenarthra, along with the sloth and the armadillo.
Currently, it is classified as vulnerable by the conservation organization
responsible for this metric. The species’ natural habitat is in Central and South
America. As the species has slow reproduction, there has been a high population
decline. Males have an interesting reproductive tract due to some differences in
relation to other mammals, such as an intra-abdominal testicle, the presence of
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three sex glands, and a vestigial vagina. The objective of this study was to
describe the sexual glands and the Mullerian duct of a giant anteater. For this
purpose, samples of the prostate, seminal vesicle, bulbourethral gland, and
Mullerian duct were collected from 28 animals, among which 22 were adults and
6 were young. Samples were measured and processed for histological analysis.
In the histochemical analyses with HE, PAS, and MASSON staining, it was
possible to describe the tissue structure and cellular organization of these tissues.
The prostate was described as similar to that of other mammals and has two
distinct parts: the central and peripheral zone. In addition, its glandular epithelium
Is concentrated only in the peripheral zone, while the pelvic urethra is in direct
contact only with the central zone. The seminal vesicle is a gland filled with ducts
that empty into the urethra, characterized by transitional epithelium, connective
tissue stroma, and a thin layer of muscle that surrounds the organ. The
bulbourethral gland is full of mucous glands with a more homogeneous
distribution when compared to the prostate. The pseudostratified columnar
epithelium has trabeculae that divide the two lobes of this organ. Muller's duct,
which is the remaining vagina of males and does not involute in anteaters, has
well-organized columnar cells and connective tissue stroma. In
immunohistochemistry, it was observed that young individuals exhibit a higher
PCNA score compared to adults, indicating increased proliferative activity in
tissues during youth. COL IV showed a higher score in the young, except in the
seminal vesicle, where the extracellular matrix of younger animals was gradually
replaced by collagen IV over their growth. PSA was present in all glands,
particularly in prostatic ducts and the urethra. P63 demonstrated a discontinuous
distribution similar to that in dogs. These findings contribute to species
characterization and may be of interest for seasonal studies correlating with the
action of photoperiod.

Keywords:  Xenarthra; Accessory sex glands; Histomorphology; Protein
expression.

1. Introduction

The Giant Anteater (Myrmecophaga tridactyla, Linnaeus 1758) is a mammal from
the Myrmecophagidae family, Pilosa order, and Xenarthra superorder (REIS et
al., 2011). Xenarthras are considered one of the oldest mammals on the planet
and are commonly referenced in evolutionary studies because they have not lost
some characteristics that their ancestors had, unlike most other mammal species
(ABBA e CASSARO, 2015). The species is classified as vulnerable, and there is
an indication of a population decline in the “Red List of Threatened Species” from
the International Union for Conservation of Nature (IUCN) (SUPERINA e
MIRANDA, 2018). However, new studies predicted that this classification may be
changed soon due to evidence of this species population decline.

Geographic distribution of the giant anteater has been described in almost all
Central and South America, from Honduras to Argentina. However, due to the
reduction in the estimated population, some of these areas is considered extinct
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(MIRANDA, 2018). In Brazil, the giant anteater population estimation is about 160
to 320 specimens per 100km [6]. Unfortunately, roadkill is a constant threat to the
species. A report by the Brazilian Federal Highway Police showed that 60% of
roadkill accidents involving wild animals were caused by giant anteaters
(ASCENSAO et al., 2022). For this reason, studies investigating the basic
aspects of giant anteater reproductive tract can help future studies focused on
this species preservation.

For a better understanding of the organ physiology, it is important to
understanding its histological and histochemical components. Histochemical
analysis can be particularly useful for understanding normal tissue function of
tissues in wild animals, mechanisms underlying age-related changes in tissue
function and identifying potential sources of disease or dysfunction (CAPPELLI,
2016; HIDLE et al., 2010). Immunohistochemistry can provide insight into the
normal tissue structure and function of various species that can be used as a
baseline for comparison in the study of disease. In the reproductive system,
expression of androgen receptor (AR) in luminal cells is one of the most important
markers.

Evaluation of AR expression is pivotal for the stimulation of a androgen
stimulation by epithelial cells. The AR nuclear expression is critical for the
development and maintenance of male tissues, and the different cells can
express according to its dependency to androgen hormone, such as
testosterone. The evaluation of AR by immunohistochemistry can provide a
valuable information regarding cell morphophysiology (SAUTER, 2021). Besides
the epithelial cells, the parenchyma is very important, including the basal cell
membrane and stroma (REF). The basal cell membrane of the different glands
from the male reproductive system is highly varaiable regarding the expression
of different markers and its distribution (REF). For example, the human prostate
gland express P63 in a continuous distribution in the basal cell layer (Salvi et al.,
2023). On the other hand, in dogs, P63 is also expressed, but the basal cells are
scatted and randomly distributed, forming a discontinuous basal cell layer
(Fonseca-Alves et al., 2018).

The P63 protein is a member of the p53 family that plays an important role in the
development, maintenance, and differentiation of various tissues, particularly
those that give rise to epithelial cells (MILLS et al., 1999). P63 has been
implicated in various developmental processes, including limb and epidermal
morphogenesis, as well as in the maintenance of stem cell populations in various
tissues, such as the prostate, bladder, and colorectal epithelia (KOSTER et al.,
2004; ROMANO et al., 2012). The P63 positive cells are considered “reserve
cells” and understanding the expression pattern of these cells are pivotal. Our
research group previously investigated the P63 positive cells in giant anteater
prostate gland and identified a continuous basal cell layer in prostatic ducts and
urethra (Moura et al., 2021). However, P63 expression in other male reproductive
organs was not explored. Collagen IV is a protein that is a major component of
the extracellular matrix in tissues. Its role is to provide structural support and
integrity to tissues by forming a mesh-like network of fibers that interacts with
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other structural components such as laminin and other collagens (YURCHENCO
e PATTON, 2004; MYLLYHARJU e KIVIRIKKO, 2004; KALLURI, 2003).

Proliferating cell nuclear antigen (PCNA) is a protein that plays a crucial role in
DNA replication and repair processes in cells. It acts as a cofactor for DNA
polymerases, which are enzymes that catalyze the formation of new DNA strands
during DNA replication and repair (WARBICK, 1998). It is a commonly used
biomarker for cell proliferation in normal tissue because it is highly expressed in
actively dividing cells (MOLDOVAN et al., 2007). The marker for Prostate-
Specific Antigen (PSA) is consistently employed as the primary choice when
discussing the prostate, primarily due to its application in prostate cancer (CHELI
et al., 1998). However, PSA is not only significant for its role in prostate cancer;
it also plays a crucial part in the post-ejaculation degradation of seminal proteins
that inhibit motility in humans (ROBERT et al., 1997).

This research aimed to perform a morphological and immunohistochemical
analysis on giant anteater male reproductive organs for a better understading of
its morphophysiology.

2. Materials and Methods

28 necropsies were performed on animals that were killed on the road between
January 2018 and January 2023, within six hours of death, and received by the
Veterinary Pathology Service of Veterinary Hospital (FMVZ-UNESP). The genital
tract was collected, and the sexual glands (prostate, seminal vesicle,
bulbourethral gland, and Muller duct) were measured and processed. The age of
the animals was determined by their weight (kg), and they were classified as
adults when = 25kg and young when < 24.9kg (AGUILAR AND SUPERINA,
2015). The samples were fixed in 10% formalin for 24 to 48 hours, following the
searching group protocol (MOURA et al., 2021), and processed using a
histotechnic machine (TP1020, Leica Biosystems®, Nussloch, Germany) and
paraffin inclusion. The samples were cleaved using a semiautomatic microtome
(HistoCore AUTOCUT, Leica Biosystems®, Nussloch, Germany).

For the histochemistry process, the samples were cleaved into 4 um thickness in
the slides and stored in an oven at 58°C for 24 hours. Later, they were stained
with hematoxylin and eosin (HE), using the protocol used and standardized by
the research group (MOURA et al.,, 2021), Masson's trichrome (MASSON)
(EasyPath Code EP-11-20013), and Periodic Acid Schiff (PAS) (EasyPath
Diagnostics Code EP-11-20014).

For the immunohistochemistry process, the samples were cleaved into 3 um
thickness in polarized slides and stored in an oven at 58°C for 24 hours. Then,
they were dehydrated in alcohol and xylene. Antigenic recuperation was
performed with a citrate solution (pH 6.0) in a pressure cooker (Pascal, Dako,
Carpinteria, CA, USA) for approximately 45 minutes. Endogenous peroxidase
blocking was performed with commercial Peroxidase blocking blocker (DAKO®)
in a volume of 100 pL per slide and incubated in a humid dark chamber for 20
minutes at 27°C. After this step, nonspecific proteins were blocked with a solution
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of skimmed milk powder (Molico, Nestlé®) at a concentration of 10% in distilled
water for one hour at 27°C in an oven.

The primary antibodies used were Recombinant Polyclonal Rabbit Androgen
Receptor Antibody (Anti-AR, clone ab74272; abcam), Mouse P-63 Antibody
(Anti-P63, clone 4A4; DAKO), Collagen IV Antibody (Anti-CollV, clone orb6174;
Biorby) and Monoclonal Mouse Proliferating Cell Nuclear Antigen (Anti-PCNA,
clone PC10; DAKO; Denmark A/S). Each primary antibody was diluted at
concentrations of 1:50, 1:100, and 1:200 and homogenized with the specific
commercial diluent (EnVision FLEX Antibody Diluent, DAKO®) in eppendorf in
sufficient quantity for 100 yL per sample and stored in a refrigerator (4°C) for 18
hours (overnight). After overnight, a polymer detection system was applied to the
samples with a secondary antibody (EnVision+ Dual Link System-HPF; DAKO,
Denmark A/S) for one hour in an oven at 27°C. The chromogen (DAB, DAKO®)
was applied at 100 pL3.

3. Results

For this study, samples were collected from 28 male specimens between January
2018 and January 2023, and they were separated into two groups based on
weight: young (<24.9 kg) and adult (>25 kg), as illustrated in Figure 1 and
described in Table 1.

Figure 1. Giant anteaters (Mymercophaga tridactyla) received for necropsy at the
Department of Animal Pathology at FMVZ/UNESP, Botucatu campus. (A) Male,
adult, 26 kg. (B) Male, young, 8 kg.

Table 1. Age determination by weight in Giant Anteater (Myrmecophaga
tridactyla).
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Identification Weight (kg) Age determination

Subject 1 15 Young
Subject 2 25 Adult
Subject 3 28 Adult
Subject 4 19 Young
Subject 5 22 Young
Subject 6 10.1 Young
Subject 7 38 Adult
Subject 8 27.1 Adult
Subject 9 31 Adult
Subject 10 37 Adult
Subject 11 35 Adult
Subject 12 50 Adult
Subject 13 34 Adult
Subject 14 43.2 Adult
Subject 15 38 Adult
Subject 16 39 Adult
Subject 17 40 Adult
Subject 18 33 Adult
Subject 19 30 Adult
Subject 20 38 Adult
Subject 21 39 Adult
Subject 22 40 Adult
Subject 23 35 Adult
Subject 24 25 Adult
Subject 25 32 Adult
Subject 26 26 Adult
Subject 27 10 Young
Subject 28 8 Young

Based on the macroscopic and microscopic findings in the samples, the tissue
composition of the accessory sex glands and the muller duct of the males did not
differ between the younger and adult samples. However, there were differences
in the size and quantity of ducts, which were related to the age and development
of these males and were addressed for each of the structures (Figure 2 and 3).
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Figure 2. Macroscopy of the male urogenital organ of the giant anteater and
anatomical position. (A) adult animal. (B) young animal.
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Figure 3. Macroscopy of the male sexual glands of the giant anteater and the
Muller’s duct. (A) adult animal. (B) young animal.

The prostate is a gland located below the urinary bladder and surrounded by a
capsule. In adult males, this gland surrounds the pelvic urethra, while in younger
males, it doesn't fully develop due to their age. The prostate is divided into two
parts: the central zone and the peripheral zone.

The peripheral zone is the outermost part and is responsible for producing the
prostatic fluid. It has a fibrous connective tissue in the stroma, blood vessels, and
ducts that are lined with pseudostratified columnar epithelium. The glands
secrete mucus and have basally displaced nuclei. The central zone is in direct
contact with the urethra and has transitional epithelium. The prostate ducts in this
zone also have pseudostratified columnar epithelium. The stroma is composed
of fibromuscular tissue.

Histochemistry staining with Masson trichrome revealed that collagenous tissue
was colored blue, while muscular tissue was colored red. Periodic acid-Schiff
staining was positive in the prostatic glands in the peripheral zone. Periodic acid-
Schiff were positive in the prostatic glands in the peripheral zone (Figure 4).
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Figure 4. Histological image of the giant anteater (Myrmecophaga tridactyla)
prostate, (A, B, C and D) HE, (E) Masson and (F) PAS. Histological section
demonstrating the two zones of the prostate, in the central zone the stroma is
composed of connective tissue (black arrow) and transitional epithelium (black
arrowhead), in the peripheral zone the stroma is fiboromuscular (red arrow) and
has mucous glands with displacement of the nucleus to the periphery of the cell
(red arrowhead), these two zones are divided by a layer of skeletal muscle
(asterisk).

The seminal vesicle is a pair of thin and tortuous structures, located adjacent to
the prostate and in contact with the muller duct. This organ is surrounded by a
fine layer of muscle and the stroma is formed by dense connective tissue
including collagen fibers, elastic fibers, and blood vessels. It has a variety of
circular ducts formed by pseudostratified epithelial cells and basal cells. Masson
Trichrome shows the composition the composition of the stroma composed of
connective tissue (blue) and muscle tissue (red). In the special PAS staining, it is
possible to observe that in the stroma there are excretory glands that are stained
in pink (Figure 5).
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Figure 5. Histological image of the Seminal Vesicula of the Giant Anteater
(Myrmecophaga tridactyla), (A, B, C and D) HE. (B). Ducts are formed by
stratified squamous epithelium (black arrowhead) and dense connective stroma
(black arrow), small lumen in younger animals (red arrowhead), and dense
connective stroma (black arrow). Thin muscular layer that delimits the vesicle (red
arrow).

The bulbourethral gland is a pair of encapsulated and oval structures connected
by dense trabecular connective tissue. It is located under the prostate and
dorsally to the penile bulb and is connected to the final portion of the pelvic
urethra. The gland has two distinct parts: the first one is more extensive and
contains mucous tubuloalveolar glands with a fioromuscular stroma, while the
other one is more internal and composed of connective tissue with transitional
cells in the urethral ramification and mucous glands with simple columnar
epithelium. The PAS stain was negative for the bulbourethral tissue, and Masson
Trichrome stain was used to classify the fiboromuscular stroma (Figure 6).
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Figure 6. Histological image of the Bulbourethral Gland of the Giant Anteater
(Myrmecophaga tridactyla), (A, B, C and D) HE, (E) Masson and (F) PAS. Central
zone of the gland showing ducts of pseudostratified columnar ciliated epithelium
(black arrowhead), mucous glands with nucleus displaced to the periphery of the
cell (asterisk) and fibromuscular stroma (black arrow), peripheral zone of the
Bulbourethral Gland with lumen of the pelvic urethra with transitional cells (red
arrowhead), mucous glands with nucleus detached to the periphery of the cell
(asterisk) and dense connective tissue stroma (red arrow), transition zone
between the periphery and center of the bulbourethral gland, duct epithelium with
pseudostratified columnar ciliated cells (black arrowhead), mucous gland
(asterisk), dense connective tissue stroma (red arrow) and fioromuscular tissue
(black arrow), peripheral zone with mucous glands (asterisk), fioromuscular
tissue stroma (black arrow) and pseudostratified columnar ciliated epithelium
(black arrowhead.

The Muller duct, also known as the paramesonephric duct, is a vestigial vagina
present in male anteaters. It is located above the prostate and is a tubular organ
with a mucosal epithelium formed by columnar cells. The stroma is composed of
dense connective tissue, surrounded by a fine muscle layer and a serous
capsule. Masson Trichrome staining showed a dense connective tissue stroma
and a muscle layer surrounding the gland, while there was a negative reaction
for the PAS stain (Figure 7).
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Figure 7. Histological image of the Muller's duct of the giant anteater
(Myrmecophaga tridactyla), (A, B, C and D) HE, (E) Masson and (F) PAS. Duct
composed of columnar epithelial cells (black arrowhead), connective tissue
stroma (black arrow), columnar epithelial tissue in the duct (black arrowhead),
connective tissue (black arrow) and fiboromuscular (red arrow) stroma.

The immunochemistry was positive for PCNA, Collagen IV and AR. With
difference in the degree of marking between younger and younger animals.
Younger animals show stronger staining for collagen IV and PCNA compared to
adults. And the older ones have a stronger marking for AR when compared to the
younger ones (Figure 8).
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Figure 8. Immunohistochemistry of young and adult anteater.for anti-PCNA
antibody.
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Figure 9. Immunohistochemistry of young and adult anteater.for anti-collagen IV
antibody.
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Figure 10. Immunohistochemistry of young and adult anteater.for anti-PSA
antibody.

Figure 11. Immunohistochemistry of young and adult anteater.for anti-p63
antibody.

4. Discussion

Detailed descriptions of the male reproductive system in domestic species were
conducted more than a century ago, such as in cats, dogs, pigs, cattle, and
horses (DAVIES, 1978). Even within wild animals and unconventional pets, it is
possible to find well-established descriptions of anatomy, histology, and
physiology that have been published, such as in viscacha (CHAVES et al., 2011).
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As in other mammals such as horses and bulls, and even within the superorder
Xenarthra, the giant anteater also has three attached sex glands, both the
prostate, seminal vesicle, and bulbourethral gland empty into the pelvic urethra
and produce secretions that together make up the seminal fluid (MOURA et al.,
2021; FROMME et al., 2021). The species does not exhibit sexual dimorphism,
the testicle is attached inside the abdominal cavity, they do not have a scrotum,
and the penis is also almost entirely inside the cavity. To determine the sex of
these animals, it is necessary to contain and expose the penis or vagina, requiring
training, or through molecular tests (BARRAGAN-RUIZ et al., 2021).

The macroscopic morphology of the giant anteater's prostate is similar to that
described in dogs (LEIS-FILHO E FONSECA-ALVES, 2018; MOURA et al.,
2021). As in other animals, the giant anteater's prostate has two peripheral lobes
that do not surround the central lobe, which, in turn, does not completely surround
the urethra. But what draws the most attention is that the gland has striated
skeletal muscle interspersing the connective tissue, instead of smooth muscle as
seen in most species. Its shape also differs a little from other species, having a
shape similar to an arrowhead while in most other species this shape is a little
more globose.

In the histological analysis, it was possible to notice that this gland has two distinct
sites that were classified as the peripheral zone and central zone (MOURA et al.,
2021) with histological and histochemical distinctions. In the peripheral zone, it
was observed that it is the glandular area of the prostate, and these glands were
the only positive structure in the PAS stain, where it produced the prostatic fluid
by the glands and excreted it through the prostatic ducts, which is the portion of
the seminal fluid produced by the prostate. It is also where the skeletal muscles
are interspersed with the connective tissue, which raises questions about a
possible voluntary contraction of the gland and tubuloalveolar ducts. The central
zone has a denser stroma with the presence of blood vessels and prostatic ducts
with pseudostratified columnar cells, and the pelvic urethra, which is
differentiated by transitional epithelial cells (MOURA et al., 2021).

The bulbourethral gland is a small gland located in the pelvic region of male
anteaters. It is responsible for producing a clear, viscous fluid that is secreted into
the urethra during copulation. The epithelium is lined by pseudostratified
columnar ciliate cells with a secretory function (FROMME et al., 2021). The
glandular tissue of the bulbourethral gland is arranged in tubular structures, and
this group of cells is surrounded by a thin layer of connective tissue. The secretory
ducts are lined up by the epithelial cells and are surrounded by a thin layer of
connective tissue. The bulbourethral gland has the role of lubricating the urethra
during sexual activity and may also neutralize acidic urine in the urethra.

The seminal vesicle in giant anteaters is composed of two elongated and
lobulated structures located dorsally to the prostate and extending to the base of
the bladder, similar to the one described in horses (ABOU-ELHAMND et al.,
2020)). They are responsible for producing a significant portion of the fluid that
makes up semen, including fructose, prostaglandins, and proteins in mammal
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species. The epithelium consists of transitional cells and does not have a
secretory function. The muscle fibers in the walls of the seminal vesicle are
arranged in two layers: an inner circular layer and an outer longitudinal layer.
There was no marking for PAS in the epithelium and stroma, which indicates the
absence of excretion of glycoproteins, and histologically, there is no description
of glands in this tissue.

The Muller duct is a remnant organ that was formed during the male's embryonic
life, which forms from the paramesonephric tissue, next to the mesonephric
tissue. In other mammals, during embryonic development, the testis begins to
produce Anti-Mullerian Hormone through Sertoli cells, causing regression of the
Mullerian Duct, which leads to the inference that this mechanism does not occur
in the anteater or occurs differently. In anteaters, the Mullerian duct was well
described had a more detailed macroscopic and microscopic description for the
first time in 2021 (FROMME et al 2021). Although considered a congenital
alteration in other species, in giant anteaters, it is considered normal in the
species, considering that all reports in the literature and in this study, the organ
was found in all male animals necropsied. Histologically, it presents several folds
that communicate with the mucosa formed by columnar epithelium, similar to
what is reported in the vagina of females (FROMME et al., 2021).

Regarding immunohistochemistry, the PCNA marking demonstrates the ability of
cell division in tissues (STRZALKA e ZIEMIENOWIZ, 2015). Studies have shown
that in sexual glands, adult animals have a higher PCNA marking, associated
with the sexual maturity (FRANCO et al., 2010). But in these results showed the
opposite results, young one’s had a strong marker than adults. This difference
may be attributed to a series of factors, such as increased cell proliferation rate,
increased mitotic activity, and the gradual decrease in cell proliferation rate they
have at this stage of life and not directly connected with the sexual maturity
(GALLOL et al., 2020).

Despite showing more intense labeling in prostate and mullers duct in the
younger specimens, some studies suggest that this staining for collagen IV
antibody may be more intense due to an increase in collagen synthesis in the
extracellular matrix (USPENSKAIA et al., 2004). On the other hand, other studies
indicate that labeling may decrease with age due to a reduction in the production
of collagen IV by tissue cells or greater degradation of the extracellular matrix
(MAGRO et al.,, 1996). PSA exhibits uniformity in both young and adult
individuals, indicating a balance that may be considered when assessing
spermatic degradation in these animals during sexual maturation.

The p63 in mouse female are expressed in almost all reproductive tract with have
basal cells, less the undifferentiated epithelium of the Mullers duct (KURITA E
CUNHA, 2001). In this research had a stronger mark in young ones but was more
expanded in adult ones.

Conclusions
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In conclusion, this work constitutes a histochemical and immunohistochemical
description of the accessory sexual glands and Mullerian duct to complete the
limited information available regarding the species of Giant anteater, which may
serve as a basis for studies on other species belonging to the superorder
Xenarthra that share several peculiar characteristics.

*This study was financed in part by the Coordenacgéo de Aperfeicoamento de Pessoal de Nivel
Superior - Brasil (CAPES) - Finance Code 001
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