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RESUMO

A utilizacdo de espécies silvestre mostra-se importante para novas pesquisas, a fim de elucidar
detalhes da morfologia de seus sistemas, tais como o sistema reprodutor, visando auxiliar em
acOes voltadas ao entendimento morfoldgico destas espécies e a conservacgdo, tanto em vida
livre como em cativeiro. Descrever a formacdo do saco vitelino e da decidua em cutias da
espécie Dasyprocta leporina, na fase inicial de gestacao, associando as alteracdes morfologicas
das estruturas envolvidas durante essa fase. Seis fémeas oriundas do CEMAS-UFERSA foram
monitoradas 24 horas ap6s a copula, e o dia seguinte foi considerado o primeiro dia de gestacéo.
As coletas foram realizadas nos dias 13, 14 e 15 de gestacéo, sendo os uteros gravidicos fixados
em paraformaldeido a 8% por 72 horas. Apds processamento histologico, cortes de 5 um foram
corados com Hematoxilina-Eosina (HE) para todas as idades; para uteros com 15 dias de
gestacdo, também foi utilizada a reacdo do Acido Periodico de Schiff (P.A.S) e a imuno-
histoquimica, sendo, em seguida, analisados em microscopio de luz. No 13° dia, o blastocisto
se implantou no lado antimesometrial do uUtero, sendo envolto por células estromais uterinas
gue se organizaram ao seu redor. No 14° dia, a membrana intramural entre o Utero e o embrido
comegou a se romper. O saco vitelino parietal apresentou células fusiformes, enquanto o
visceral tinha células cuboides eosinofilicas. No 15° dia, a membrana intramural estava quase
completamente rompida, revelando um leito vascular entre o embrido e a decidua. O saco
vitelino visceral ainda ndo exibia suas vilosidades caracteristicas nessa fase. Com 15 dias de
gestacdo, observou-se o blastocisto envolto por células deciduais. Na regido decidual, as células
mostraram positividade na coloragdo com P.A.S. Quanto a marcacdo com anticorpos de
receptores de desmina e vimentina, verificou-se que na regido da decidua, o citoplasma celular
marcou de forma mais intensa para ambos os anticorpos. Nas células da regido decidual, a
progesterona marcou mais intensamente, enquanto para o estrégeno, a marcacao foi mais
intensa nas células da regido pré-decidual. Este estudo caracterizou a formacéo do saco vitelino
nas cutias, evidenciando o inicio da inversdo entre os dias 14 e 15 de gestacdo. Além disso,
identificou receptores hormonais de estradiol e progesterona, e filamentos intermediarios como
desmina e vimentina nas células deciduais, evidenciando as modificacGes das células uterinas
durante a decidualizacao.

Palavras-chave: Decidualizacdo. Imunomarcacdo. Membranas extra-embrionarias.
Morfologia. Roedores.



ABSTRACT

The use of wild species proves to be important for new research, aiming to elucidate details of
their morphology, such as the reproductive system, to assist in actions focused on understanding
the morphological aspects of these species and their conservation, both in the wild and in
captivity. Describe the formation of the yolk sac and decidua in agoutis of the species
Dasyprocta leporina in the early stage of gestation, associating it with morphological changes
in the structures involved during this phase. Six females from CEMAS-UFERSA were
monitored for 24 hours after mating, and the following day was considered the first day of
gestation. Collections were made on days 13, 14, and 15 of gestation, with gravid uteri fixed in
8% paraformaldehyde for 72 hours. After histological processing, 5 um sections were stained
with Hematoxylin-Eosin (HE) for all ages; for uteri with 15 days of gestation, Periodic Acid-
Schiff (P.A.S) reaction and immunohistochemistry were also used, and then analyzed under a
light microscope. On the 13th day, the blastocyst implanted on the antimesometrial side of the
uterus, surrounded by uterine stromal cells that organized around it. On the 14th day, the
intramural wall between the uterus and the embryo began to rupture. The parietal yolk sac
presented spindle-shaped cells, while the visceral had eosinophilic cuboidal cells. On the 15th
day, the intramural layer was almost completely ruptured, revealing a vascular bed between the
embryo and the decidua. The visceral yolk sac did not yet exhibit its characteristic villi at this
stage. With 15 days of gestation, the blastocyst was observed surrounded by decidual cells. In
the decidual region, cells showed positivity in staining with P.A.S. As for the staining with
desmin and vimentin antibodies, it was found that in the decidual region, the cellular cytoplasm
marked more intensely for both antibodies. In decidual region cells, progesterone marked more
intensely, while for estrogen, marking was more intense in the predecidual region cells. This
study characterized the formation of the yolk sac in agoutis, highlighting the onset of inversion
between days 14 and 15 of gestation. Additionally, it identified hormonal receptors for estradiol
and progesterone, and intermediate filaments such as desmin and vimentin in decidual cells,
evidencing the modifications of uterine cells during decidualization.

Keywords: Decidualization. Immunostaining. Extraembryonic membranes. Morphology.
Rodents.
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implanted in the uterus, 13th gestation day. The embryo is located in an
antimesometrial position and one of its poles contains an immature
subplacenta (arrow); (B) Note: Intramural membrane (black arrow), inner
cell mass (asterisk) and trophectoderm cells (red arrow). Cells are distributed
around the intramural membrane, forming a barrier limited by the intramural
membrane; (C) Beginning of the bilaminar embryo differentiation process
through the hypoblast (black arrow) and epiblast (red arrow) layers. Note the
blastocele (asterisk); (D) Indicates the distance between uterine cells (Ut)
and trophoblastic cells (T) (also highlighted in image C by the square), which
are limited by a thin layer of intramural membrane squamous cells (red
arrow). Staining: HE. Bars: 100 pm, 20 pm, 20 pm and 10 pm,
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(A) Red-rumped agouti (Dasyprocta leporina) embryo on the 14th gestation
day. The following are observed: the subplacenta (SP — red arrow) close to
the main placenta (P — yellow arrow), the blastocyst (B) at the beginning of
its differentiation process and the presence of extravasated maternal blood
(MB) around the implantation site. Note the presence of a tenuous membrane
delimiting the entire surroundings of this region (intramural membrane); (B)
Layer of cubic trophectoderm (TE) cells surrounding the blastocyst
(asterisk). Formation of the visceral yolk sac (VYS) and separation of the
maternal blood (MB) from the embryo through the intramural membrane
(IM); (C) Differentiation of the visceral (VYS) and parietal yolk sac (PYS)
and trophectoderm layer (TE) on the parietal layer of the yolk sac and the
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giant trophoblastic cells (circle); (D) Approximation of the subplacenta (SP).
The syncytiotrophoblast is arranged in the form of cords that return towards
the main placenta (P). Note: cells of a cytotrophoblastic nature (circle) and
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Figura 3

giant trophoblastic cells (arrow). Color: HE. Bars: 100 um, 20 pm, 20 pm
and 20 M, FESPECTIVEIY.....ocvieiiiieieee et

(A) Red-rumped agouti embryo (Dasyprocta leporina) implanted at 15 days
of gestation. The ectoplacental cone (EPC) is located at one of the poles and
the embryo (E), on the opposite pole. A large area filled with maternal blood
(MB) and the presence of an extensive area composed of cells making up the
decidua basalis (DB) and its relationship with the uterus (Ut) are noted
around the (EPC); (B) The embryonic pole containing the embryo (E) with
the amniotic cavity already present (AC) and the exocoelomic cavity (EXC)
formed by the trophectoderm (TE) can be seen towards the ectoplacental
cone. MB = maternal blood); (C) Formation of the vitelline cavity (CV)
composed of the visceral yolk sac (SVV) and parietal and chorionic cells
proper or the trophoblast (circle) differentiating to give rise to the placenta.
TE = trophectoderm. (D) Trophectoderm cells (TE) superimposed on the
parietal yolk sac (PYS), next to the visceral yolk sac (VYS), giving an
appearance of a trilaminar layer, in addition to the presence of decidua
capsularis cells (circle) between maternal blood cells. HE
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CAPITULO llI

Figura 1

Figura 2

Red-rumped agouti (Dasyprocta leporine) uterus on the 15th gestation day.
The embryo (E) implanted in the implantation site is evident around a blood
gap of maternal blood (MB) and surrounded by more eosinophilic decidua
basalis cells (DB), differentiated from other uterine stroma cells (Ut). The
embryonic pole is in the antimesometrial direction (*). HE
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(A and B) - Red-rumped agouti (Dasyprocta leporine) uterus on the 15th
gestation day. The pre-decidual region is evident, containing pre-decidual
cells (CPD). The the decidual region containing mature decidual cells (DC)
close to the implantation area; (C and D) Positive PAS staining is noted close
to decidual cell nuclei (Arrows). Bars: 100 pum, 20 um, 20 um and 10 pm,

respectively. HE StainiNg.......cccoovoviieiieie s
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Figura 3

Figura 4

(A) Red-rumped agouti (Dasyprocta leporine) decidual cells on the 15th
gestation day, stained for desmin. Note more evident staining in the decidual
region (arrows); (B) Strong vimentin staining was labeling in pre-decidual
(PDC) and mature decidual (DC) cells, located in the pre-decidual and
decidual regions, respectively; (C) Progesterone staining in mature decidual
cells, in the decidual region (arrows); (D) Estrogen staining in the pre-
decidual and decidual region, in pre-decidual (PDC) and decidual (DC) cells.
Insets in the photomicrographs represent negative controls. Bars: 100 um,

100 pm, 100 pm and 100 pm, reSpectively.........covveieiiiiiireeeee

(A) Red-rumped agouti (Dasyprocta leporine) decidual cells on the 15th
gestation day stained with hCG, with more evident staining noyted in the
decidual region (DC) compared to the pre-decidual cell region (PDC); (B-
D) Red-rumped agouti (Dasyprocta leporine) embryo (E) on the 15th
gestation day; (C and D) Embryonic trophoblastic cells (T) stained with
hCG, forming a trilaminar layer next to the visceral yolk sac (VYS). Bars:

100 pm, 100 pm, 20 pm and 10 pm, reSPectively........ccovvvverinininiesieiene,
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1 INTRODUCAO

A busca por novos conhecimentos sobre a anatomia, a fisiologia e sobre
comportamentos de novas espécies animais tornar-se necessario, uma vez que ainda ha muitas
informagdes sobre a biologia de mamiferos, ainda ndo completamente consolidadas. Com isso,
a utilizacdo de espécies silvestre mostra-se importante para novas pesquisas, a fim de elucidar
detalhes sobre morfologia dos seus sistemas, tais como os do sistema reprodutor, visando
auxiliar em acdes voltadas a caracterizacdo morfoldgica da espécie.

Por exemplo, algumas espécies de roedores tém sido estudadas por oferecerem ampla
variedade em suas fungdes, j& que sdo espécies com diversas adaptacdes ecoldgicas, que
permitem que estes suportem diferentes tipos de ambientes (ANVAROVNA et al., 2024).

Estudos realizados em roedores do continente sul-americano, mostram que ha
semelhancas entre a placenta desses animais com a de seres humanos (RODRIGUES et al.,
2003). Desta forma, pesquisas que abrangem estudos com a placenta e seus anexos fetais,
mostram-se importantes quando, principalmente, tém em vista estabelecer o uso da espécie
como modelos experimentais (CONCEICAO et al., 2008).

Os roedores representam vantagens para 0s pesquisadores, pois possuem periodo
gestacional curto e um nimero maior de filhotes em cada gestacdo. Além disso, requerem
espacos menores e um baixo custo para sua criacdo quando comparados com algumas espécies
domeésticas como ovelhas, gatos e cdes, que possuem alto custo de criacdo e uma legislacédo
mais rigorosa para seu uso como modelos experimentais (CARTER, 2007).

A cutia representa um roedor de facil reproducdo, que tem grande potencial para servir
como modelo experimental por apresentar uma placenta com caracteristicas de interesse para
estudos de placentacdo, somando-se a isto a facilidade de sua criacdo em cativeiro associado
aos baixos custos de manutencao.

A cutia (Dasyprocta leporina) € um roedor que pertencente a ordem Rodentia e a familia
Dasyproctidae. Identificada por ser um roedor de médio porte, possui uma distribuicdo ampla,
sendo encontrada em Vvarias regides do territério brasileiro. Sdo animais que apresentam cor
amarelo-alaranjada, corpo relativamente comprido, e membros pélvicos longos. (OLIVEIRA;
BONVICINO, 2011; LANGE; SCHIMIDT, 2014).

Quanto ao processo embrionario de algumas espécies animais, antes de ocorrer a
formacdo da placenta € preciso que o embrido implante no Gtero. Para que esse processo se
estabeleca, deve haver no Gtero condi¢Bes que garantam a sobrevivéncia do embrido. Para tanto,

o epitelio uterino sofre invasdo por células trofoblasticas com o intuito de garantir que o
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embrido seja implantado e se inicie a gestagdo (OLIVEIRA, 2004).

Roedores como cutias e pacas possuem uma placenta vermelha, relacionada
centralmente com a subplacenta e lateralmente com a decidua basal (CONCEICAO et al.,
2008). A decidua é formada por celulas modificadas do mesométrio, chamadas células
deciduais, que desempenham funcGes importantes no desenvolvimento da interface entre o
tecido decidual e a placenta, especialmente na vascularizagdo (FURUKAWA,; KURODA,;
SUGIYAMA, 2014).

Em roedores como os ratos, apds a implantacdo do embrido, as células estromais
proximas ao embrido na regido anti-mesometrial do Utero iniciam o processo de decidualizagéo,
facilitando a acomodacdo do embrido. Posteriormente, as células estromais na regido
mesometrial também passam por decidualizacdo, formando a area decidual mesometrial, que
ajuda a preparar o Utero para a placentacdo (ZHAO; ZHANG; LIU, 2017).

A decidualizacédo provoca alteragOes ultraestruturais nas celulas uterinas, moduladas por
hormonios reprodutivos que reestruturam tanto o citoplasma quanto o ndcleo, resultando em
células aumentadas, com menor espaco extracelular, acimulo de glicogénio, e organizacao de
filamentos intermediarios como vimentina e desmina, essenciais no processo de diferenciacdo
em células deciduais (FAVARO; ABRAHAMSOHN; ZORN, 2014).

Outro aspecto a ser levado em consideracdo no tocante aos roedores caviomorfos, sao
suas estruturas embrionarias anexas, no qual o saco vitelino tem aspectos distintos de outras
espécies mamiferas. Esse saco vitelino tem como fungdo primaria nutrir o embrido até o
momento em que esteja desenvolvido o suficiente para se manter, tanto nas espécies domésticas
com nos roedores. Além de ser considerado como o Unico local de troca placentaria até a
formag&o dos membros do feto, por volta da segunda semana de gestacdo em ratos. Em algumas
espécies de roedores, o0 saco vitelino sofre um processo de inversdo, em um determinado
periodo da gestacdo, em relacdo a placenta principal, no qual pode comecar antes mesmo de
iniciar o estagio de desenvolvimento embrionario (JOLLIE, 1990).

Esse tipo de inversdo ocorre na maioria dos roedores, onde 0 saco vitelino se inverte
sobre a placenta, resultando na adi¢do da parte visceral do saco vitelino ao lado fetal da placenta
corioalantdica, sobreposta pela parte parietal, formando um tipo de placenta vitelinica anexada
a placenta corioalantdica (CONCEICAO et al., 2008; MIGLINO et al., 2008).

Embora varios estudos tenham sido desenvolvidos sobre os a placentagédo de cutia e em
outros roedores em uso como modelos experimentais (RODRIGUES et al., 2003; OLIVEIRA
et al., 2008; OLIVEIRA et al., 2015; OLIVEIRA et al., 2017), ainda ndo foi completamente

elucidado como acontece a dinamica da inversdo do saco vitelino e suas fungdes nesta espécie.
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2 JUSTIFICATIVA

Com o intuito de auxiliar nos estudos sobre a biodiversidade e conservacdo de espécies
silvestres, estudos tém sido realizados para proporcionar a manutencdo dessas espécies tanto
em vida livre, como em cativeiro, respeitando as particularidades de cada espécie.

Estudos sobre a placentacdo de animais, em especial, com roedores como modelos
experimentais tém sido utilizados dada a grande similaridade desses animais com o modelo de
placentacdo humano.

Além disso, o saco vitelinico tem sido colocado como um anexo embrionario de
importancia secundaria na gestacdo mesmo em roedores caviomorfos. Contudo, representa uma
estrutura evolutivamente importante, pois em roedores permanecem como uma membrana
funcionalmente ativa até o final da gestacdo. Este aspecto, nos levou a investigar aspectos de
sua inversdo na espécie na tentativa de poder estabelecer vinculagdes evolutivas com outras
espécies.

Assim, tendo conhecimento de varios estudos com modelos de placentacédo de roedores,
mas poucos deles com nenhuma vinculagdo ao primeiro terco de gestacdo, logo apos a
implantacdo embrionéria e sua relagdo com a sintese de horménios relacionados a gestacao e a
modificagéo celular durante o processo de decidualizacéo uterina em roedores, buscou-se , com
base nestas proposi¢Oes desenvolver este trabalho que tem como finalidade descrever a
dindmica do desenvolvimento do saco vitelino e a expressdo de receptores hormdnios ovarianos
e marcadores teciduais durante o terco inicial de gestacdo, permitindo que se possa

correlacionar aspectos do desenvolvimento ontogénico da espécie com outras do mesmo grupo.
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3 HIPOTESES

O saco vitelino de cutias é formando por duas camadas, uma porc¢édo representada pelo
saco vitelino parietal e outra pelo saco vitelino visceral,

Em cutias, ocorre o processo de inversdo do saco vitelino e esse acontece antes do
décimo quinto dia de gestacao.

Receptores hormonais de progesterona e estrogénio estéo presentes nas células deciduas
durante o processo de decidualizacdo uterina na fase inicial da gestacdo em cutias;

As células uterinas sofrem influéncias de hormdnios gonadotroficos durante o processo
de decidualizacdo em cutias;

As ceélulas deciduais em cutias sdo modificadas por atuacdo de filamentos

intermediarios, como desmina e vimentina.
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CAPITULO |

1 FUNDAMENTACAO TEORICA

1.1 ASPECTOS BIOLOGICOS

A cutia (Dasyprocta leporina) é uma espécie de roedor pertencente a ordem Rodentia,
da familia Dasyproctidae e do género Dasyprocta (Figura 1). Esta espécie, segundo a Unido
Internacional para a Conservacdo da Natureza (IUCN), se encontra na categoria de menos
preocupacao (LC), devido a situacdo estavel na natureza e sua ampla distribui¢do no continente
americano (EMMONS; REID, 2016).

S&o animais terrestres encontrados em todo territdrio brasileiro, caracterizadas pelo seu
rapido povoamento na natureza, embora seja uma espécie que tem o costume de ndo se
afastarem muito do seu local de nascimento, e sdo bastante encontradas em regides de florestas
com coberturas menos densa, porém podem ser encontras em Varios outros tipos de vegetacao
e ndo muito perto de curso de agua (LANGE; SCHIMIDT, 2014; EMMONS; REID, 2016).

Figural: Cutia (Dasyprocta leporina).
Fonte: Centro de Multiplicacdo de Animais Silvestres - CEMAS/UFERSA.

No tocante aos seus habitos alimentares, as cutias sdo caracterizadas como frugivoros e
bons dispersores de sementes na mata por conta da sua dieta rica em alimentos como folhas,
raizes, frutos e sementes, encontrados sob o solo ou enterrados no interior da mata (LANGE;
SCHIMIDT, 2014; EMMONS; REID, 2016).
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Sao roedores de porte médio, com peso que varia de 4 a 7 kg, em alguns casos. Possuem
longos membros pélvicos, membros toracicos curtos, com unhas parecidas com cascos. Seu
dorso é curvado e provido de pelagem na regido mais caudal forte e hipertrofiada que em
situacOes de estresse ou fuga se ericam facilmente (OLIVEIRA; BONVICINO, 2011). Dispdem
de um longo par de dentes incisivos que auxiliam na hora da alimentacdo no momento de abrir
alimentos mais duros (HOSKEN; SILVEIRA, 2001).

O sistema reprodutor da cutia fémea é composto por um par de ovarios, duas tubas
uterinas, dois cornos uterinos, um Utero, parcialmente duplo, vagina e vulva com a presenca do
clitéris e de espiculas. Este Utero na regido do colo, na sua parte cranial, é septado dando origem
a dois Ostios cervical interno, entretanto, na sua parte mais caudal esse septo desaparece
formando apenas um 6stio cervical externo (OLIVEIRA et al., 2019). Essa caracteristica do
utero resultou em uma proposta de classificacdo feita por Moura et al. (2003) no qual o utero
da cutia ndo seria do tipo duplo, mas, parcialmente duplo pelo fato de ser septado apenas na sua
parte cranial.

S&o animais poliéstricas continua, pois se reproduzem ao longo de todo o ano, e as
fémeas jovens atingem o periodo de maturidade entorno dos 6 meses de idade (OLIVEIRA;
BONVICINO, 2011; LANGE; SCHIMIDT, 2014). Esses animais possuem um ciclo
reprodutivo que dura em média 30 dias, com fases caracteristicas de diestro, metaestro, proestro
e estro, seu periodo gestacional dura entre 104 e 120, e durante a sua gestacdo pode ocorrer
nascimento de 1 a 3 filhotes, as quais permanecem em lactacdo por 4 semanas (GUIMARAES:;
MOREIRA; VALE, 1997; OLIVEIRA; BONVICINO, 2011; LANGE; SCHIMIDT, 2014;
CAMPOS et al., 2015; CARREIRO et al., 2018; DINIZ et al., 2019).

1. 2 IMPLANTACAO EMBRIONARIA E DECIDUALIZACAO

Apobs a fecundacgdo, que marca o inicio da gestacdo, o zigoto comeca a passar por
sucessivas divisdes celulares chamadas clivagens. Logo apos ser fecundado e ocorrer a primeira
clivagem, que resulta na formacédo de células denominadas blastdmeros, o zigoto passa a ser
chamado de embrido, ainda envolto pela zona pellcida. Esse embrido passara por mais algumas
séries de divisfes mitoticas até formar uma massa celular com aproximadamente 32 células em
seu interior, fase correspondente a morula (CROSS; WERB; FISHER, 1994; TAO et al., 2002;
SETTl et al., 2018).

Durante o percurso que o embrido tem até chegar ao Utero outros processos acontecem

e ao longo dessas mudancas os blastdmeros comegam a se alinhar uns contra 0s outros em um
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processo de compactacdo celular. J& em seu estado de blastocisto inicial suas células tornam-se
mais especificas, circundado por uma camada extrema de células denominadas de trofoblastos
e no seu interior formando uma massa celular, os embrioblasto (CROSS, 1998). No momento
em gue 0 embrido entra na cavidade uterina um liquido presente no Utero atravessa a zona
pellcida e preenche a cavidade, com esse liquido é formado a cavidade blastocistica. Durante
esse periodo pré-implantacional o embrido permanece flutuando no liquido uterino até o
momento que perde a zona pelucida, o que possibilita 0 aumento de seu volume e o inicio da
aproximacéo do epitélio uterino (MOORE; PERSAUD; TORCHIA, 2013).

Este liquido uterino é produzido pelas glandulas uterinas que tém seu metabolismo
intensificada pela a atuacao da progesterona e do estrégeno, tornando-as maiores, mais ativas e
ramificadas que além de penetrar na cavidade do embrido, tem a funcdo de auxiliar na sua
nutricdo antes da implantacdo (RAMOS et al., 2015; MARTINS et al., 2020).

No periodo pré-implantacional, o Utero é preparado para que assegure boas condi¢Ges
para abrigar o embrido. Esse periodo pode estar relacionado a presenca de hormonios
(OLIVEIRA, 2004) como o estrogeno e a progesterona que sdo produzidos no ovario durante
as fases do ciclo estral (CROSS; WERB; FISHER, 1994). A progesterona atua estimulando
mudancas no endométrio reduzindo a atividade de contracdo da parede do Utero, permitindo
desta forma a fixacdo do embrido no Utero (PTASZYNSKA, 2010; BULLETTI et al., 2022).

A presenca do estrogeno na circulagdo embora esteja ligada principalmente a inducéao
do estro ao promover a secre¢do de GNRH na corrente sanguinea, o que por sua vez induz a
liberacdo de LH e estimulacdo da maturacdo do ovocito e a ovulacdo (D’AVILA et al., 2019),
a sua presenca na circulacdo durante o processo pré-implantacional estar relacionada a ativacao
dos blastocistos através da liberacdo de metabolitos do tipo catecolestrégenos que favorecem a
aproximacdo do embrido ao endométrio, facilitando a invasao trofoblastica no epitélio (PARIA;
DAS; DEY, 1997).

A progesterona € mantida na circulacdo devido aos estimulos do corpo lUteo, pela acéo
do LH na circulagdo. Em humanos a gonadotrofina coriénica humana (hCG) que é sintetizada
pela as células trofoblastica, tem uma acdo semelhante ao LH na manutencdo do corpo luteo,
assim como a sua presenca na circulagdo pode indicar que o embrido foi implantado (LA PAZ
etal., 2007; MEDEIROS; NORMAN, 2006; PAREJA et al., 2010)

Nos roedores a manuten¢do do corpo Idteo e a producéo de progesterona fica a cargo da
prolactina, horménio produzido pela a hipéfise anterior, que se mantem em altas taxas na
circulacdo até 12° dia de gestacdo com picos de secrecdo duas vezes ao dia, sendo muito

importante nessa manutencdo, no entanto decresce apds 12° de gestacdo e desta forma os
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hormdnios lactogénicos (PL-Is e PL-I1) ficam a cargo mantem o corpo l(teo para a secrec¢ao de
progesterona na circulagédo (SOARES, 2004).

A atuacdo hCG durante 0 momento pré-implantacdo e pds-implantacdo séo
fundamentais para o sucesso da implantacdo embrionaria. O hCG possui 15 variantes, dentre
estas, cinco séo sintetizadas pela a placenta durante a gravidez e pode-se destacar duas variantes
como fundamentais para a identificacdo da implantagdo embrionaria bem-sucedida, séo elas o
hCG regular e hCG-hiperglicosilada (hCG-H) (COLE, 2009; COLE; DUTOIT; HIGGINS,
2011). O hCG-H é produzido antes que ocorra a implantacdo o que pode identificar uma
gestacdo mais precocemente do que o hCG regular, sendo diferenciado deste nos exames pelo
seu peso molecular (SASAKI; LADNER; COLE, 2008).

Em uma revisdo sobre a biologia e deteccdo de hCG em humanos, Cole (2009) explica
a diferenca dos locais que em sdo produzidas essas variantes do hCG. A producdo de hCG
regular acontece pela as células vilosas do sinciciotrofoblastos, sendo a principal variante
produzida durante o periodo de gestacdo. JA 0 hCG-H é produzido pela as células extravilosas
invasivas do citotrofoblasto, sendo umas das principais células presente no momento
implantacional, além de ser a variante do hCG com maior producao durante a primeira semana
de gestacéo.

Além do fator hormonal estar relacionado as mudancas das caracteristicas morfoldgicas
do epitélio uterino, outros fatores também podem atuar nesse periodo pré-implantacional,
auxiliando num processo bem sucedido, tais como proteinas, citocinas e polimeros de
glicosaminoglicanos (MAS et al., 2008; SOARES; TORRES-PADILLA; ZERNICKA-
GOETZ, 2008; OLIVEIRA et al., 2015).

Entre o final da primeira e comec¢o da segunda semana de gestacdo a implantacéo
propriamente dita comeca através da interacdo de células do blastocisto com células do
endomeétrio uterino. As células trofoblasticas de forma invasiva iniciam uma degradacdo no
epitélio endometrial gerando uma invasao do tecido conjuntivo materno, ocorrendo assim uma
das primeiras interacGes feto/maternal (OLIVEIRA, 2004; CORTES, 2012; HYTTEL,;
SINOWATZ; VEJLSTED, 2012).

Em primatas e roedores, este processo de invasao acontece a partir da adesao das células
trofoblasticas do embrido no endométrio que comecam a se diferenciar e proliferar em duas
camadas de células. Uma camada celular sdo de citotrofoblasto que é a mais interna e uma outra
camada composta por células do sinciciotrofoblastos, mas externa, formada por uma massa
multinucleada originaria da fusdo de células (MOORE; PERSAUD; TORCHIA, 2013).
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J& as células do embrioblasto, no interior do blastocisto, passam também por uma
diferenciacdo originando uma placa bilaminar de células, formandas por uma camada de
hipoblasto, que correspondem a células pequenas e cuboides voltadas para a cavidade
blastocistica e que dardo origem a uma fina membrana que revestira a vesicula vitelinica
primitiva. A outra camada é formada por células epiblaticas de formato colunar que futuramente
se desenvolvera formando o assoalho da cavidade amniética (SADLER, 2016).

A concretizacdo da gravidez em tanto nos roedores como em primatas depende
crucialmente da implantacdo e decidualizacdo dos embribes. Apds a fixacdo do embrido, no
endomeétrio uterino, as células do estroma que envolvem o blastocisto comecam a proliferar e a
se diferenciar em células deciduais, facilmente diferenciada por serem grandes e redondas, um
processo conhecido como decidualizacdo (LIN et al., 2018). Essas células sdo produtoras de
proteinas, que apos esse processo 0 endométrio passa a ser chamado de decidua, na qual pode
ser separada em trés partes, a decidua basal que esta entre o embrido e 0 miométrio, a decidua
capsular entre 0 embrido e o limen uterino e por ultima a decidua parietal que esta em contato
com a mucosa uterina (ENDERS, 1991; ABRAHAMSOHN; ZORN, 1993).

Esse tecido decidual, estimulado por horm6nios como progesterona e estrogeno, auxilia
no processo de implantacdo. Apls esse estagio, ele envolve completamente o embrido,
formando uma decidua basal na regido mesometrial e uma decidua capsular na regido
antimesometrial. Esses eventos sdo essenciais na interface materno-fetal para um
desenvolvimento fetal adequado (ORWIG; RASMUSSEN; SOARES, 1997; SOARES, 2004;
LU et al., 2022).

A acao hormonal nas células uterinas resulta em uma readequacao ultraestrutural de sua
forma. Essas modificagcOes estdo relacionadas ao seu tamanho, deixando mais arredondadas,
assim como seu nucleo, reducdo do espaco extracelular, sintese de macromoléculas, acumulo
de glicogénio e lipidios e filamentos intermediarios (ABRAHAMSOHN; ZORN, 1993).

Dentre esses filamentos podemos destacar a vimentina como filamento principal,
derivado de células do mesoderma embrionario, e a desmina observada em células musculares
(KORGUN et al., 2007). Alem disse marcagOes de filamentos de vimentina e desmina séo
expressos em células deciduais de ratos e humanos (CAN; TEKELIIOGLU; BALTACI, 1995;
OLIVEIRA et al., 2000).

A desmina é um tipo de filamento que se acumula em corpos densos ao redor dos
nucleos. Ela pode ser identificada por seus longos filamentos isolados, os quais interagem com
outros filamentos da mesma classe, como a vimentina (COSTA, et al., 2004). Ja a vimentina é

amplamente difundida nas células do estroma uterino durante 0s estagios iniciais de
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implantacdo sendo um dos principais filamentos intermediarios desempenhando um importante

papel na estabilidade celular, integridade e receptividade uterina (KORGUN et al., 2007).

1.3 SACO VITELINO

Ap06s o processo da implantacdo, simultaneamente ao desenvolvimento embrionério
ocorre a formacdo dos seus anexos fetais, os quais incluem as membranas extraembrionarias, a
placenta e o corddao umbilical (OLIVEIRA, 2004). Essas membranas fetais colaboram com o
endomeétrio na formacéao da placenta, desta forma possibilitam trocas fisioldgicas entre o feto e
mae (ROBERTS; GREEN; SCHULZ, 2016).

Nas espécies animais, os aspectos morfolégicos das membranas fetais e da placenta
podem variar, embora em roedores haja uma persisténcia de estruturas extraembrionarias como
0 saco vitelino visceral, 0 &mnio e a placenta até o final da gestacdo (CROSS, 1998).

Apesar da persisténcia do saco vitelino nos roedores, em alguns mamiferos domesticos
como suinos, ruminantes e equinos essa estrutura tem um tempo de funcionalidade muito curto
e pode ser classificada como uma estrutura transitoria, pois regride logo apos a implantagédo
(HYTTEL; SINOWATZ; VEJLSTED, 2012) sendo considerada muito importante no periodo
poés-implantacional com a funcdo de absolver nutrientes vindos do sangue materno (CROSS;
WERB; FISHER, 1994).

Considerando a importancia dessa estrutura que se origina a partir da camada
endodérmica associada a um mesénquima vascularizado que inclui vasos vitelinos, o saco
vitelino em roedores desempenha um papel crucial. Esta estrutura substitui, no mesmo local, o
cérion, formando assim a placenta vitelina, que é reconhecida como a membrana embrionéria
mais externa. Ja em espécies como 0s primatas, essa estrutura é rudimentar e ndo participa de
trocas materno-fetais. Por sua vez, em carnivoros ocorre uma fusdo com o cério no qual se
utiliza dos vasos vitelinos para a troca materno-fetal (LEISER; KAUFMANN, 1994).

Em sua primeira conformagao celular, ainda no blastocisto, o saco vitelino dos roedores
é considerado uma estrutura bilaminar, composta de células trofoblasticas e uma Gnica camada
de células endodérmicas, o hipoblasto, que se proliferam da camada interna de massa celular
do polo embrionéario, mas que posteriormente torna-se uma estrutura trilaminar, com funcéo
primaria de nutrir o embrido até o0 momento em que ele esteja bem desenvolvido e tenha a
capacidade de se nutrir (JOLLIE, 1990).

Em estagios iniciais da gestacdo, em cutias, € visto a anexacdo do saco vitelino visceral

na placenta corioalantdica, do lado fetal, e sendo coberta por sua camada parietal. Além disto,
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0 saco vitelino abrange, em partes, a placenta corioalantdide e a zona de crescimento
citotrofoblastica. Estruturalmente a endoderme do saco vitelino tem caracteristica plana,
formada por células colunares e a sua localizacao, por conta da sua forma invertida, fica situada
adjacente ao epitélio luminal endometrial. Ja a vascularizacdo do mesoderma, na fase inicial,
ocorre pelos vasos fetais e um sistema de anel fibrovascular, que acontece proximo a placenta
corioalantdica (MIGLINO et al., 2008).

De acordo com Haar e Ackerman (1971) a camada de células endodérmicas do saco
vitelino parietal possuem células de ndcleos ovais e de contornos achatados e nucléolos
proeminentes, além de estarem ligados & membrana de Reichert formando um revestimento
descontinuo de células no decorrer da cavidade do saco vitelino. Enquanto que as células
endodérmicas presentes no saco vitelino visceral sdo mais colunares, com um nucléolo de
extensdo moderado e um ndcleo basal irregular. Ainda de acordo com os autores é visto que a
regido apical dessas células direcionadas para a cavidade do saco vitelino esta caracterizada por
indmeras microvilosidades.

Em espécies de roedores como o0 moco a fixacdo do saco vitelino visceral ocorre em
uma camada de tecido conjuntivo proximo ao disco placentario, e a parte do saco vitelino
parietal cobre lateralmente a placenta. Esse epitélio de células colunares, repousa em uma
membrana de Reichert e sob elas é encontrada uma camada de células do sincicio marginal e
espongiotrofoblatos (OLIVEIRA et al., 2006).

Em pesquisas sobre a placentacdo de capivaras, cutias e pacas, Miglino et al. (2002)
observaram que estruturalmente o saco vitelino possui vilosidades digitiformes que
ocasionalmente podem se ramificar, sendo observado nas cutias que essas vilosidades sdo
bastante alongadas. O epitélio dessas vilosidades, nessas trés espécies, estd recobrindo um
nacleo mesenguimal e o tipo de epitélio dessas vilosidades é do tipo colunar simples, na paca,
ja na capivara e cutias sdo células do tipo prismaticas com seus nicleos em posicdes apicais.

No inicio do desenvolvimento placentario dos mamiferos, forma-se uma placenta
coriovitelina pela fusdo do saco vitelinico com o corion, sendo vascularizada por vasos
sanguineos vitelinicos. Em varias espécies, incluindo roedores, essa estrutura é persistente e
pode sofrer inversao parcial ou total das camadas germinativas (CARTER et al., 2004).

Este processo de inversdo das camadas germinativas resulta em levar a camada
endodérmica, composta de hipoblasto embrionario, sobre a camada ectodérmica, de células
epiblaticas. Este processo ainda resulta na formacgdo, por cavitagdo, do disco embrionério
interno e da formag&o da cavidade amniética por conta da conversdo da massa celular interna
(JOLLIE, 1990).
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A inversdo do saco vitelino € uma caracteristica bem marcante no desenvolvimento das
membranas fetais nas espécies de roedores, sendo observadas em mais da metade das familias
desta ordem. Considerando seus aspectos evolutivos a ordem Rodentia apresenta uma maior
evolucdo no desenvolvimento e na sua forma de inversdo, sendo caracterizada como espécies
com uma inversdo completa ou total. Entretanto, em espécies de diferentes ordens, como
coelhos (Lagomorpha), tatus (Dasypodidae), morcegos (Microchiroptera) e algumas poucas
espécies da ordem Insectivora, apresentam uma forma mais primitiva no processo de inversao
do saco vitelino, ocorrendo apenas uma inversdo parcial desta membrana (MOSSMAN, 1987).

Dentre as espécies da ordem Rodentia o esquilo é o que apresenta um desenvolvimento
mais primitivo da inverséo do saco vitelino, sendo sua inversao caracterizada como incompleta
ou de forma parcial, das suas camadas germinativas, onde ndo had uma desintegracdo da
onfalopleura bilaminar, persistindo até o final da gestacdo (MOSSMAN; WEISFELDT, 1939;
MOSSMAN, 1987).

Em estudos a fim de elucidar fatores relacionados a dindmica de inversdo do saco
vitelino, Vale et al. (2013) com auxilio de técnicas morfoldgicas e analises por microscopia
eletrobnica de varredura e transmissao, estudaram sacos gestacionais de preas e nas suas
observacgdes verificaram que no décimo quarto dia de gestacdo ocorre a inversdo do saco
vitelino. Neste estudo foi possivel observar uma desorganizacdo da estrutura das células
parietais que revestiam a decidua capsular, uma degeneracdo da onfalopleura bilaminar
préximo a placenta principal e resquicios da membrana de Reichert justapondo-se ao tecido
uterino.

Fischer e Floyd (1972) em seus estudos sobre o desenvolvimento placentario do esquilo
da Mongédlia, um pequeno roedor da familia Muridae, observaram que a partir do vigésimo
terceiro dia inicia-se 0 rompimento da membrana de Reichert, que comeca a se contrair,
formando uma aglomerado de membranas com varias dobras, enroladas na circunferéncia do
disco placentario, que contem também nesse aglomerado, células endodérmicas parietal.
Observaram que desde 0 momento em que ocorre a degeneracao decidual até 0 momento em
que a camada endodérmica do saco vitelino visceral fica em aposi¢do ao limen uterino, é
caracterizado como uma inversdo completa das camadas germinativas do saco vitelino nesta
especie.

Por sua vez, em estudos realizados por Deren, Padykula e Wilson (1966) com coelhos
e ratos para observar o desenvolvimento e funcdo do saco vitelino na transferéncia de vitamina
B12, da mée para o feto, observaram a inversdo do saco vitelino e que o rompimento da parede

parietal do saco vitelino ocorreu por volta do décimo quinto dia de gestacdo, no qual exp6s a
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parede visceral do saco vitelino ao epitélio uterino. De modo que a superficie das células
absortivas da camada visceral do saco vitelino mostra capacidade na absorcdo de
macromoléculas.

Em observacdes feitas sobre a espécie de ratos saltadores (Zapodinae) e do jerboa
norte-africano (Dipodidae), por King e Mossman (1974) que estudaram as membranas fetais
dessas espécies através de técnicas de microscopia eletrdnica, conseguiram identificar a
inversdo completa do saco vitelino nessas espécies, devido ao desaparecimento da sua camada
parietal. Além disto, os autores mencionam o desaparecimento tardio desta camada quando
comparada as espécies Hystricomorpha e Myomorpha, entretanto, ndo € explicado o tempo
exato, em dias de gestacdo em que ocorre essa inversao, por conta dos estudos serem realizados
com espécies que foram doadas fixadas. Outro fato que foi evidenciado foi auséncia de

vilosidades no saco vitelino, ja invertido, na espécie dos ratos saltadores.



28

2 OBJETIVOS
2.1 OBJETIVO GERAL

Descrever a formacédo do saco vitelino e da decidua em cutias da espéecie Dasyprocta
leporina, na fase inicial de gestacdo, bem como identificar receptores de hormonios e de

filamentos intermediérios.

2.2 OBJETIVOS ESPECIFICOS

e Descrever o desenvolvimento do saco vitelino de cutias Dasyprocta leporina no
terco inicial da gestacdo;

e Caracterizar as alteragdes morfologicas que ocorrem no Utero e membranas
extraembrionarias em funcdo do processo de implantacéo;

e Verificar a presenca de receptores hormonais de estradiol, progesterona e
gonadotrofina coriénica (humana) nas células endometriais e deciduais em
cutias; e

e [Estabelecer a presenca de receptores de filamentos intermediarios como:

vimentina e desmina nas células do endométrio e da decidua em cutias.
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Abstract

Phylogenetically, the yolk sac is an ancient structure in vertebrate evolution and crucial in the
placentation of viviparous animals, playing an essential role in embryogenesis. Considering that
the yolk sac persists until birth in rodents, forming an active placenta, this study aimed to
describe the yolk sac development process in red-rumped agoutis (Dasyprocta leporina) during
the early gestation phase and associating the progression to morphological changes in other
structures. To this end, six female red-rumped agoutis obtained from CEMAS-UFERSA were
monitored for 24 h. The first gestation day was defined as 24 h post-copulation. Samplings were
carried out on the 13" 14" and 15" pregnancy days. Pregnant uteri were fixed in 8%

paraformaldehyde for 72 h and histologically processed, with 5 pm sections stained with
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Hematoxylin-Eosin (HE) and analyzed under a light microscope. On the 13" day, the blastocyst
is implanted on the antimesometrial side of the uterus, surrounded by uterine stromal cells
organizing themselves around this structure. On the 14" day, the intramural wall between the
uterus and the embryo begins to break down and the parietal yolk sac exhibits spindle cells,
while the visceral yolk sac presents eosinophilic cuboidal cells. On the 15 day, the intramural
layer is almost completely ruptured, revealing a vascular bed between the embryo and the
decidua. The visceral yolk sac did not yet contain its characteristic villi at this stage. This study
contributes significantly to the understanding of yolk sac development in rodents, highlighting

its role in embryonic development and placental formation in caviomorphs.

Keywords: Extraembryonic membranes - morphology - placentation - rodents

Introduction

Fetal membranes arose during the evolutionary vertebrate process to guarantee the
embryonic life of different species, whether in aquatic or terrestrial environments or within
female reproductive systems. In fish, reptiles and birds, the yolk sac contains nutritional
reserves, guaranteeing embryo nutrition (Stewart and Florian JR 2000; Shibata, Makihara and
Iwasawa 2023), although some fishes, amphibians and reptiles have developed a type of
placentation that assumes this function at a certain embryonic development stage (Stewart 1993;
Leiser and Kaufmann 1994). In mammals, this membrane is mainly associated with maternal-
fetal exchanges, although it assumes very similar functions to those observed in reptiles and
birds in monotremes (Hughes 1993).

In the phylogenetic context of extraembryonic membranes, the yolk sac emerges as one
of the oldest vertebrate structures, playing a fundamental role throughout embryogenesis (Ross
and Boroviak 2020). For decades embryological yolk sac assessments remained scarce, despite
its known importance in embryonic development and the fact that any changes during its
development may lead to etiological or pathogenic processes in many congenital malformations
(Ornoy and Miller 2023).

In rodents, the yolk sac's primary function is to nourish the embryo until is has
developed enough to maintain itself and is the only maternal-fetal exchange route in initial
development phases. In this group, the yolk sac undergoes an inversion process in relation to
the main placenta at a specific gestation phase, in some cases place prior to the embryonic
development stage (Jollie 1990), or during initial phases, as observed for cavies (Galea spixii)

and guinea pigs (Cavia porcellus) (Oliveira et al. 2012). This inversion occurs in most rodents,
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with the visceral portion of the yolk sac located over to the fetal side of the chorioallantoic
placenta and the parietal portion juxtaposed over the placenta (Oliveira et al. 2006; Conceicéo
et al. 2008; Miglino et al. 2008).

Embryonic attachments such as the yolk sac have been considered of secondary
importance during the gestation period (Shibata, Makihara and Iwasawa 2023), even in
caviomorph rodents. This structure, however, is evolutionarily significant, as it remains a
functionally active membrane until the end of gestation in rodents (Jollie 1984; Mossman 1987;
Ornoy and Miller, 2023). This led us to investigate the formation of this attachment in red-
rumped agoutis (Dasyprocta leporina) during the initial gestation phase, associated with
morphological changes in other structures, aiming to establish evolutionary correlations with

other species.

Material and methods

Samples were obtained from the Wild Animal Multiplication Center belonging to the
Federal Rural University of the Semiarid (CEMAS/UFERSA), in Mossoro, Rio Grande do
Norte, Brazil, registered by IBAMA as a scientific breeding site (n° 1478912). Sample
processing was carried out at the Applied Animal Morphophysiology Laboratory (UFERSA).

This study was submitted and approved by the Ministry of the Environment, through
the Biodiversity Authorization and Information System (SISBIO) n°® 77483-1, of the Chico
Mendes Institute (ICMBio) and the Ethics Committee on the Use of Animals
(CEUA/UFERSA) n° 09/2021.

Six non-pregnant nulliparous red-rumped agoutis females of reproductive age were
used. The animals were maintained in screened 5x5 m? boxes with a cemented floor at a 2:1
female/male ratio, respectively. The animals were fed commercial pelleted feed (minimum
crude protein-12%, etheric extract-1.5%, fibrous matter-12%, mineral matter-13%, calcium-
1.3% and phosphorus-0.4%), corn, seasonal regional fruits and vegetables and allowed water,
all ad libitum. Following group formation, females were marked with hair dye (Embelleze
Maxton - Cherry Red 6.66) for differentiation.

The animals were monitored 24 h a day by cameras to note the exact copulation moment.

The first day of gestation was established as 24 h from the copulation moment, and samples
were collected on the 13", 14" and 15" gestation days.
To sample the fetal attachment structures, animals were administered a pre-anesthetic
intramuscular medication combining ketamine (12 mg.kg™) and xylazine (2 mg.kg™), followed

by anesthetic induction with propofol (8 mg.kg'1) via the cephalic vein. After anesthetic



41

confirmation, the animals were euthanized by injecting potassium chloride solution (1 ml.kg™?)
through the same venous access, with death confirmed when no heartbeat was detected.

The animals were placed in dorsal decubitus and an incision was made in the pre-
umbilical direction immediately after local asepsis with 70% alcohol, exposing the pregnant
uterus, which was then sectioned at the probable embryo location (implantation site). The
uterine fragment where the embryo was located was then fixed in an 8% paraformaldehyde
solution buffered with 0.1 M sodium phosphate, pH 7.4 for 72 h.

The samples were histologically processed (Tolosa et al., 2003), initially dehydrated in
an increasing alcohol series (70%, 80%, 90%, 95%, absolute I, absolute 11, absolute II1) for 1 h
each, followed by clearing in two xylol baths for 45 min each. They were then immersed in two
histological paraffin baths set at 58°C in an oven, one for 12 h and the other for 1 h. Finally,
histological blocks were prepared and 5 pum thick sections were obtained with the aid of a Leica
RM2125 RT® microtome. The samples were then adhered to histological slides, subsequently
dewaxed in an oven at 58°C, stained with Hematoxylin-Eosin (HE) and analyzed under an
Olympus CX 31 RBSFA light microscope. Images were captured using a LEICA DM 500 HD
light microscope coupled to a LEICA ICC50W camera and analyzed using the LAS EZ Ink

program.

Results

The blastocyst is implanted on the antimesometrial side of the uterus on the 13" days of
gestation, surrounded by uterine stromal cells completely that enclose the embryo (Figure 1A).
A thin layer of spindle cells and an intramural membrane (Figures 1D) containing blood and
forming a barrier between the uterus and the blastocyst, is noted around the blastocyst (Figure
10).

The fetal membranes have not yet differentiated at this stage and are, therefore, not
present in the histological sections. A septate subplacenta, however, is noted the mesometrial
side of the blastocyst (Figure 1A), containing secretory content that extravasates between
endometrial cells. Giant trophoblastic cells and syncytiotrophoblast-type cells are also observed
in the subplacenta.

On the 13™ gestation day, a layer of cubic trophoblastic cells with a basal nucleus and
eosinophilic cytoplasm is observed in the blastocyst, lining the blastocystic cavity, called the

blastocele. These cells are both yolk sac and chorion precursors. The internal cell mass (ICM)
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begins to form at one of the poles, towards the antimesometrial direction, forming a bilaminar
cell layer that will differentiate into hypoblast and epiblast cells (Figures 1C and D).

¥y

Figure i. (A) mbryb (circl

7} 5
A3 .
e o a‘:‘ed-rumped agouti (Dasyprocta leporina)
implanted in the uterus, 13" gestation day. The embryo is located in an
antimesometrial position and one of its poles contains an immature subplacenta
(arrow); (B) Note: Intramural membrane (black arrow), inner cell mass (asterisk)
and trophectoderm cells (red arrow). Cells are distributed around the intramural
membrane, forming a barrier limited by the intramural membrane; (C) Beginning of
the bilaminar embryo differentiation process through the hypoblast (black arrow)
and epiblast (red arrow) layers. Note the blastocele (asterisk); (D) Indicates the
distance between uterine cells (Ut) and trophoblastic cells (T) (also highlighted in
image C by the square), which are limited by a thin layer of intramural membrane
squamous cells (red arrow). Staining: HE. Bars: 100 um, 20 pm, 20 pum and 10 pm,

respectively.

A well-structured blastocyst arrangement implanted in the uterus is observed from the
14" day of gestation onwards (Figures 2A and B). An immature main placenta with the presence
of blood lacunae and the approximation of the subplacenta in the placental cone are noted. Giant
trophoblastic cells, cytotrophoblasts and syncytiotrophoblasts can be identified in this area
(Figures 2C and D).
At this stage, the yolk sac already exhibits its characteristic morphology, with parietal and

visceral layers composed of fusiform squamous cells (Figures 2B and C). Trophectoderm layer
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cells remain cubic, covering the parietal yolk sac, giving the appearance of a bilaminar layer
(Figure 2C).

During this gestation phase, the hypoblast and epiblast cells begin to distinguish
themselves and form the amniotic cavity, located between embryoblast cells. The inner cell
mass is well delineated with cells exhibiting a small spacing with the mural trophectoderm,
which is differentiated by its rounded cellular appearance and an eosinophilic cytoplasm (Figure
2B). On the 14" day of gestation, the intramural membrane that separates the uterine cells from
the embryo proper begins to degrade, allowing the embryo to contact maternal blood cells.
Although this degradation is noted, it is still possible to observe maternal blood gaps forming
around the embryo (Figure 2AB).

Figure 2. (A) Red-rumped agouti (Dasyprocta leporina) embryo on the 14" gestation day.

The following are observed: the subplacenta (SP — red arrow) close to the main placenta
(P — yellow arrow), the blastocyst (B) at the beginning of its differentiation process and
the presence of extravasated maternal blood (MB) around the implantation site. Note the
presence of a tenuous membrane delimiting the entire surroundings of this region
(intramural membrane); (B) Layer of cubic trophectoderm (TE) cells surrounding the
blastocyst (asterisk). Formation of the visceral yolk sac (VYS) and separation of the
maternal blood (MB) from the embryo through the intramural membrane (IM); (C)
Differentiation of the visceral (VYS) and parietal yolk sac (PYS) and trophectoderm layer
(TE) on the parietal layer of the yolk sac and the presence of the main placenta (P) in its
initial development phase containing giant trophoblastic cells (circle); (D) Approximation
of the subplacenta (SP). The syncytiotrophoblast is arranged in the form of cords that
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return towards the main placenta (P). Note: cells of a cytotrophoblastic nature (circle) and
giant trophoblastic cells (arrow). Color: HE. Bars: 100 pum, 20 pum, 20 um and 20 pm,

respectively.

The yolk sac inversion process begins on the 14" gestation day, explained by the
beginning of the rupture of the intramural membrane that separates the uterus from the embryo,
since this membrane is still intact on the 13" day, forming a barrier. The parietal and visceral
yolk sac layers are well delimited from each other at this stage (Figures 2B and C), with parietal
yolk sac cells remaining fusiform, becoming cubic in some regions, unlike visceral yolk sac
cells, which remain fusiform.

On the 15" gestation day, the embryo comprises an elongated structure surrounded by an
blood-filled area. The mural trophectoderm cells contain vacuoles, giving them the appearance
of hair cells. Their cytoplasm is abundant and quite eosinophilic, with a tenuous connecting
membrane between cells. When viewed under light microscopy, their nuclei appear to be
arranged in a basal position (Figures 3A and B). The ICM is noted at one of the poles, beginning
the bilaminar embryonic disc differentiation process, which is composed of hypoblast and
epiblast cells. The amniotic cavity will form from this differentiation, providing fetal protection.
Given the embryo elongation process, a very spacious exocoelomic cavity is observed (Figure
3B).

The yolk sac is well differentiated, and its parietal and visceral membranes are composed
of fusiform cell groups arranged longitudinally, forming a simple squamous epithelium
(Figures 3C and D). Areas represented by blood sites are identified along the length of this
structure, which represent initial exchange mother-fetus structures, considering the close
relationship between fetal structures and uterine tissue. At this stage, although still
disorganized, some of the placenta’s labyrinthine characteristic are also distinguished by the
presence of scattered syncytiotrophoblastic and cytotrophoblastic cells forming its parenchyma
(Figure 3C).

Decidual cells are rounded, with large nuclei containing condensed chromatin
surrounding the embryo. The nucleus of the cells that move away from the decidua are more
organized and the closer to the muscular layer of the uterus, the more integral cells are observed,

certainly due to the fact that they are not affected by the blastocyst invasion (Figure 3D).
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Flgure 3. (A) Red- rumped agoutl embryo (Dasyprocta leporina) implanted at 15 days of
gestation. The ectoplacental cone (EPC) is located at one of the poles and the embryo (E),
on the opposite pole. A large area filled with maternal blood (MB) and the presence of an
extensive area composed of cells making up the decidua basalis (DB) and its relationship
with the uterus (Ut) are noted around the (EPC); (B) The embryonic pole containing the
embryo (E) with the amniotic cavity already present (AC) and the exocoelomic cavity
(EXC) formed by the trophectoderm (TE) can be seen towards the ectoplacental cone. MB
= maternal blood); (C) Formation of the vitelline cavity (CV) composed of the visceral
yolk sac (SVV) and parietal and chorionic cells proper or the trophoblast (circle)
differentiating to give rise to the placenta. TE = trophectoderm. (D) Trophectoderm cells
(TE) superimposed on the parietal yolk sac (PYS), next to the visceral yolk sac (VYS),
giving an appearance of a trilaminar layer, in addition to the presence of decidua capsularis
cells (circle) between maternal blood cells. HE staining.

The yolk sac becomes inverted on the 15" gestation dayas since the intramural
membrane is practically ruptured, and a large vascular bed between the embryo and the decidua
is observed, leading to contact between uterine cells and the yolk sac. On the 15" gestation day,

the yolk sac still does not present the characteristic villi of more advanced gestation ages.

Discussion

The morphological aspects related to fetal membranes and the placenta undergo
variations throughout the gestation of various animal species, although extraembryonic
structures, such as the visceral yolk sac, the amnion and the placenta, persist until the end of
gestation in rodents (Cross 1998).

In eutherian animals, embryo formation is characterized by the grouping of spherical cells
composed of a unicellular layer of trophoblastic cells that give rise to a cavity filled with liquid
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and a cluster of internal cells, as observed on the 13" gestation day for red-rumped agouti.
These trophoblastic cells can be distinguished into those under the inner cell mass, the polar
trophoblast, and those that form the sphere, the mural trophoblast (Pfeffer 2022). This
configuration, according to this Pfeffer (2022), is specific to eutherian animals, unlike other
mammals such as marsupials and monotremes, which may represent different development
strategies adopted by certain species.

Although the yolk sac is not present during the red-rumped agouti pregnancy on the 13™"
gestation day, a thin layer of hypoblastic cells begins to detach from the ICM. Such movement
is a signal for the formation of the yolk sac and its extraembryonic constituents, which
represents a eutherian mammal characteristic, as the yolk sac cells are derived from hypoblast-
originated cells (Frankenberg et al. 2016; Mess 2014).

In rodents, the yolk sac in its first cellular conformation, still in the blastocyst, is
considered a bilaminar structure, composed of trophoblastic cells and a single layer of
endodermal cells, corresponding to the hypoblast (Ross and Boroviak 2020). This cell layer
then proliferates from the ICM layer at the embryonic pole, but later becomes a trilaminar
structure, composed of endodermal, mesodermal and ectodermal membranes (Mossman 1987).
This structure has the primary function of nourishing the embryo until it is well developed and
can nourish itself (Jollie 1990). Structures such as the amnion and allantois, as well as yolk sac
elements, also originate from the ICM (Carter and Enders 2004).

On the 15" gestation day, the red-rumped agouti yolk sac is represented by a structure
with a trilaminar appearance, composed of its parietal and visceral walls, as well as a portion
of the trophectoderm that partly covers the parietal wall. The cellular configuration of these
layers plays an essential role in the evolution and formation of the future chorioallantoic
placenta and yolk sac, with crucial implications for the development of their functions (Ornoy
and Miller 2023).

The bilaminar layer observed in the embryo on the 14" gestation day, which comprises
the parietal layer of the yolk sac with that of the trophectoderm, also called bilaminar
omphalopleura, is not yet classified as a true placenta. This can only be considered when an
interposition of the parietal layer between the visceral layer of the yolk sac and the
trophectoderm is present, allowing for yolk sac vessel branches to come closer to form the
trilaminar omphalopleura, which will serve as a choriovitelline placenta (Carter and Enders
2004).

Rodents such as the cavy (Galea spixii), that present the same evolutionary

characteristics of yolk sac persistence until the end of gestation period, present the same
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trilaminar structure conformation of yolk sac layer origin and trophoectoderm origin from the
ectoplacental cone and the hypoblast (Oliveira et al. 2012).

The cellular layer of the parietal yolk sac of rodents consists of cells presenting oval
nuclei with flat contours and prominent nucleoli, in addition to being connected to Reichert's
membrane, forming a discontinuous cell lining throughout the yolk sac cavity. Visceral yolk
sac cells are columnar, with the nucleus arranged in a basal position and irregularly shaped,
with the nucleolus moderately extended. The apical region of these cells is directed towards the
yolk sac cavity and is characterized by numerous microvilli (Haar and Acherman 1971; Oliveira
et al. 2006).

During the investigated red-rumped agouti gestational period, the yolk sac did not
exhibit the classic columnar cells with numerous villi present in other rodents, such as mouse
(Haar and Acherman 1971), cavies (Galea spixii) (Vale et al. 2013), rock cavies (Kerodon
rupestris) (Oliveira et al. 2006) and guinea pigs (Oliveira et al., 2012), explained by an early
gestation phase. This is in line with the description reported by Carter and Enders (2004) when
referring to yolk sac development in rodents, who indicate that this structure is initially
represented by a bilaminar cell layer, becoming trilaminar throughout the gestation period.

It is important to highlight that several studies concerning the placenta and yolk sac in
rodent species have been conducted with longer gestation periods (Vale et al. 2013; Oliveira et
al. 2006; Oliveira et al. 2012; Conceigéo et al. 2008; Miglino et al. 2008), but studies for the
early gestation phases concerning agouti, a hystricomorph rodent, were still lacking until now.
Furthermore, it is paramount to note that the visceral yolk sac is still very incipient in this stage
in red-rumped agoutis. Thus, the ontogenesis evolution has not yet been effectively
consolidated, as the sac’s visceral vitelline is an especially important organ in rodents,
representing the main maternal-fetal exchange source in early organogenesis stages, especially
in the period preceding the establishment of the chorioallantoic placenta circulation of the
(Beckman et al. 1990).

Although it is considered of secondary importance and not very scientifically appreciated,
the initial yolk sac phase should not be considered a temporary organ until definitive placenta
formation, but rather of significant value in organogenesis and for the development of other
membranes, vital for mammals throughout the evolutionary process (Kuzmina 2023; Shibata,
Makihara and Iwasawa 2023). Furthermore, the yolk sac is also significant for hystricomorphs,

due to its functional persistence until the end of the gestation period.

Conclusion
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Knowledge on yolk sac formation in initial pregnancy stages is vital in understanding
the embryonic development and placental formation of caviomorphs. This is especially true
with regard to the embryonic development of the red-rumped agouti, highlighting the
importance of this structure for its reproductive success. This process had not been described
until now for this species, which makes this a novel contribution concerning the yolk inversion

of this species, which take place between 14 and 15 days of gestation.
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Abstract

During early gestation, the uterine epithelium undergoes cellular changes to ensure successful
implantation. Thus, the aim was to assess the expression of ovarian hormone markers and
intermediate filaments in the decidual region of agoutis (Dasyprocta leporina) during early
gestation. To do this, three females from CEMAS-UFERSA were monitored, and after
copulation, the first day of gestation was defined as 24 hours post-copulation. Collections were
made at 15 days of gestation, and gravid uteri were fixed in 8% paraformaldehyde for 72 hours.
After histological processing, 5 um sections were stained with Hematoxylin-Eosin (HE) and
subjected to Periodic Acid-Schiff (P.A.S) reaction and immunohistochemistry, and
subsequently analyzed under a light microscope. At 15 days of gestation, the implanted
blastocyst was observed in the antimesometrial position in the uterus, surrounded by decidual
cells characterized by increased cytoplasmic volume. In the decidual region, cells showed
positivity in staining with P.A.S. Regarding staining with desmin and vimentin antibodies, it
was found that in the decidual region, cellular cytoplasm stained more intensely for both
antibodies. In cells of the decidual region, progesterone marked more intensely, while for
estrogen, marking was more intense in cells of the pre-decidual region. The identification of
cytoskeletal and hormonal markers in the early stage of gestation in agoutis indicates that

cellular modifications in the uterine endometrium in this phase occur rapidly and harmoniously



54

to ensure successful embryo implantation in the uterus.

Keywords: Decidualization; Immunostaining; intermediate filaments; rodents.

Introduction

The uterus undergoes alterations during the embryo pre-implantation period to ensure
adequate embryo survival conditions. This period is associated to the presence of hormones
such as estrogen and progesterone, both of which are produced in the ovary during the estrous
cycle phase (Cross et al. 1994; Reese et al. 2008; Zhang et al. 2023).

Uterine epithelium cells suffer alterations during the initial pregnancy phase and are
termed decidual cells after differentiation. Stimulated by hormones such as progesterone and
estrogen, this decidual tissue aids in the embryo implantation process and then surrounds the
entire embryo, forming the decidua basalis, in mesometrial position, and the decidua capsularis,
in antimesometrial position (Orwig et al. 1997; Soares, 2004).

Progesterone acts by stimulating endometrium changes, reducing the contraction
activity of the uterine wall, thus allowing for embryo uterys implantation (Lee et al. 2007; Reese
et al., 2008, Ptaszynska, 2010). Estrogen, in turn, activates the blastocyst through the release of
catecholestrogen-type metabolites during the pre-implantation process, favoring embryo
approximation to the endometrium, thus facilitating uterine epithelium trophoblastic invasion
(Paria et al. 1997).

In addition to hormonal features associated to morphological uterine epithelium
changes, other factors also play a role in ensuring a successful pre-implantation process, such
as proteins, cytokines and glycosaminoglycan polymers (Mas et al. 2008; Soares at al. 2008;
Oliveira et al., 2015).

Reproductive hormones act on uterine cells, resulting in their ultrastructural
readjustment. These modifications affect cell shapes and nuclei, leading to more rounded cells
and decreased extracellular space, as well as the synthesis of macromolecules and the
accumulation of glycogen and lipids and intermediate filaments (Abrahamsohn e Zorn, 1993).
Vimentin stands out as the main filament, derived from embryonic mesoderm cells, and desmin
is noteworthy in muscle cells (Korgun et al. 2007). These intermediate filaments are relevant
during the decidualization process, as they are part of the uterine stromal cell remodeling
process into decidual cells that takes place during cell differentiation (Favaro et al. 2014).

Decidualization is a crucial mammal pregnancy process, including in rodents, in which
endometrial cells undergo differentiation to form decidual tissue, which is crucial for pregnancy

establishment and maintenance (Abrahamsohn e Zorn, 1993; Ramathal et al. 2010). Hormonal
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and intermediate filament staining in rodent uterine cells provide a comprehensive and
integrated approach to investigate early decidualization, providing important data useful in
understanding reproductive biology aspects. In this context, this study aimed to verify the
expression of ovarian hormone markers and intermediate filaments in the decidual region of

red-rumped agoutis (Dasyprocta leporina) during the initial pregnancy phase.

Materiais and methods

Subject and treatments

Sampling was conducted at the Wild Animal Multiplication Center (CEMAS) belonging
to the Federal Rural University of the Semiarid (UFERSA), Mossord, Rio Grande do Norte,
Brazil, registered by IBAMA as a scientific breeding site (n° 1478912). Sample processing
procedures were carried out at the Applied Animal Morphophysiology Laboratory (UFERSA).
The study was approved by the Ministry of the Environment, through the Chico Mendes
Institute (ICMBIo) Biodiversity Authorization and Information System (SISBIO) (no. 77483-
1), and the UFERSA Ethics Committee on the Use of Animals (CEUA/UFERSA n° 09/2021).

Three non-pregnant nulliparous female red-rumped agoutis of reproductive age were
employed. The animals were maintained in screened 5x5 m? boxes with a cemented floor at a
2:1 female/male ratio. The animals were fed commercial pelleted feed (minimum crude protein-
12%, etheric Extract-1.5%, fibrous matter-12%, mineral matter-13%, calcium-1.3% and
phosphorus-0.4%), corn, seasonal regional fruits and vegetables and water ad libitum.
Following group formation, females were marked with hair dye (Embelleze Maxton - Cherry
Red 6.66) to differentiate each other.

The animals were monitored 24 h a day by cameras to determine the exact copulation
moment. The 1% gestation day was established 24 h after copulation, and samples were collected
on the 15" gestation day.

For uteri sampling, the animals were intramuscularly pre-anesthetized with a combination of
ketamine (12 mg.kg?) and xylazine (2 mg.kg?), followed by anesthetic induction by the
administration of propofol (8 mg.kg?) via the cephalic vein. They were then euthanized with a
potassium chloride solution (1 ml.kg™?) injected through the same venous propofol access.
Death was confirmed by the absence of a heartbeat.

The animals were then placed in dorsal decubitus and an incision was made immediately
following local asepsis with 70% alcohol in the pre-retroumbilical direction to guarantee

pregnant uterus exposure. The uteri were sectioned at the probable embryo implantation site
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and tissues fragments were fixed in an 8% paraformaldehyde solution buffered with 0.1 M
sodium phosphate, pH 7.4 for 72 h, followed by sample processing for microscopic analyses
according to Tolosa et al. (2003). Briefly, samples were dehydrated in an increasing ethanol
series (70%, 80%, 90%, 95%, absolute I, absolute I1, absolute II1) for 1 h each, followed by
clearing in two xylene baths for 45 min each. The samples were then immersed in two
histological paraffin baths at 58°C in an oven, for 12 h and 1 h, respectively. Histological blocks
were prepared, with 5 um sample sections obtained with the aid of a LEICA RM2125 RT®
microtome and adhered to histological slides. The prepared slides were then dewaxed in an
oven at 58°C, stained with Hematoxylin-Eosin (HE) and Periodic Acid-Schiff (PAS) (TOLOSA
et al., 2003) and analyzed under an Olympus CX 31 RBSFA light microscope. Images were
captured under a LEICA DM 500 HD light microscope coupled to a LEICA ICC50W camera
employing the LAS EZ Ink program.

Imunohistochemistry (IHC) analyses

The histological sections adhered to silanized slides were deparaffinized in xylene, rehydrated
in decreasing ethanol concentrations (100%, 100% 90%, 80% and 70%) and washed with
distilled water. Antigens were retrieved by washing with 0.05% Tween prepared in PBS for 60
min, followed by two PBS washes. A 3% hydrogen peroxide (H202) solution was to block
endogenous peroxidase and non-specific reactions for 30 min in a dark chamber protected from
light and the samples were washed twice in PBS for 5 min each following by another wash with
1% BSA (albumin) prepared in PBS for 60 min. Prior to incubation, the slides were washed in
PBS, dried and incubated with the primary antibodies (Table 1) diluted in PBS at 4°C for 20 h
(overnight) in a dark, humid chamber.

H&L rabbit anti-mouse 1gG (HRP) was used as the secondary antibody (ab6728 abcam,
Cambridge, UK) for the investigated hormonal markers (progesterone, 1:100, estrogen, 1:25
and hCG , 1:100), while H&L goat anti-rabbit IgG (HRP) (Ab205718 abcam, Cambridge,
United Kingdom; 1: 100) and H&L goat anti-mouse 1gG (HRP) (Ab205719 abcam, Cambridge,

United Kingdom; 1: 25), were used to detect vimentin and desmin, respectively.
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Table 1 - Primary antibodies used in the immunostaining of red-rumped agouti (Dasyprocta
leporine) uterine samples.

Primary antibody Identification and brand Dilution
Antl-estrogen receptor Ab32063, abcam, Cambridge, UK 1:50
(Alpha)

Anti-progesterone receptor Ab2765, abcam, Cambridge, UK 1:100
Anti-hCG receptor Ab218447, abcam, Cambridge, UK 1:100
Anti-vimentin ADb137321, abcam, Cambridge, UK 1: 100
Anti-desmin Ab217895, abcam, Cambridge, UK 1:25

The samples then underwent two PBS baths for 5 min each followed by drying. Streptavidin
was placed on the tissues for 30 min in a dark chamber at room temperature as a signal amplifier.
After washing with PBS, the sample sections were developed with DAB (Substrate Kit - ACU
999, ScyTek Laboratories, Logan, UT, USA), washed with distilled water and counterstained
in hematoxylin for 10 seconds. The sections underwent an increasing ethanol series (70%, 80%,
90%, 100% and 100%) and xylene clearing, and were mounted, analyzed and photo
documented under a light microscope (LEICA DM 500 HD) with attached camera (LEICA
ICC50W).

Results
After the pre-implantation phase, when the embryo has already invaded the uterine

epithelium, the blastocyst becomes implanted in an antimesometrial position in the uterus,

surrounded by stromal uterine tissue cells (Figure 1).
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Figure 1 — Red-rumped agouti (Dasyprocta leporine) uterus on the
15th gestation day. The embryo (E) implanted in the implantation site
is evident around a blood gap of maternal blood (MB) and surrounded
by more eosinophilic decidua basalis cells (DB), differentiated from
other uterine stroma cells (Ut). The embryonic pole is in the

antimesometrial direction (*). HE staining.

After implantation, these uterine cells begin a differentiation process, increasing in size
due to increased cytoplasmic volume, thus establishing the decidua or decidual region (Figures
1 and 2A).

Flgure‘z (A 'anvd B) - . Red- rumped eigouﬁ (Dasyprocta' Iéporme) uterus on the 15th

gestation day. The pre-decidual region is evident, containing pre-decidual cells (CPD ).
The the decidual region containing mature decidual cells (DC) close to the implantation
area; (C and D) Positive PAS staining is noted close to decidual cell nuclei (Arrows).
Bars: 100 pm, 20 pm, 20 pum and 10 um, respectively. HE staining.

Cell cytoplasms were stained more intensely for both desmin and vimentin in the
decidua region (Figures 3A and B). In contrast, desmin was stained weakly in the pre-decidual

region, unlike vimentin, which was stained significantly in this region, as a result of different
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cellular differentiation stages. Intense decidua cell staining was observed for progesterone, less
evident in the pre-decidual region, in which a predominance of pre-decidual cells is observed.
Stronger estrogen staining was observed in cells that make up pre-decidual regions (Figures 3C

and D).

Figure 3 - (A) Red-rumped agouti (Dasyprocta leporine) decidual cells on the 15" gestation
day, stained for desmin. Note more evident staining in the decidual region (arrows); (B)
Strong vimentin staining was labeling in pre-decidual (PDC) and mature decidual (DC) cells,
located in the pre-decidual and decidual regions, respectively; (C) Progesterone staining in
mature decidual cells, in the decidual region (arrows); (D) Estrogen staining in the pre-
decidual and decidual region, in pre-decidual (PDC) and decidual (DC) cells. Insets in the

photomicrographs represent negative controls. Bars: 100 um, 100 um, 100 um and 100 pum,

respectively.

Decidual cells were strongly stained for hCG (Figure 4A) in the trophoblastic cells of agouti

embryos. These trophoblastic cells are easily differentiated from yolk sac cells, due to their

positive staining (Figure 4B-D).
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Figura 4 - (A) Red-rumped agouti (Dasyprocta leporine) decidual cells on the 15™ gestation day

stained with hCG, with more evident staining noyted in the decidual region (DC) compared to the
pre-decidual cell region (PDC); (B-D) Red-rumped agouti (Dasyprocta leporine) embryo (E) on
the 15" gestation day; (C and D) Embryonic trophoblastic cells (T) stained with hCG, forming a
trilaminar layer next to the visceral yolk sac (VYS). Bars: 100 pum, 100 pm, 20 um and 10 pm,

respectively.

Discussao

Several phenomena are triggered between the maternal and fetal interphase in rodents,
in which the embryonic implantation process is very invasive, including endometrium
decidualization (Abrahamsohn e Zorn, 1993). During this process, a set of cellular
differentiations occurs, cuminating in the transdifferentiation of endometrial fibroblasts into
decidual cells, and thus, cytoskeleton restructuring. The cytoskeleton is made up of several
proteins, including vimentin and desmin (Favaro et al. 2014).

The expression of cytoskeletal markers, such as vimentin in decidual cells, indicates
uterine stroma changes with the purpose of receiving the conceptus in the implantation process

and consequent ontogenic process (Korgun et al. 2007). Herein, intense vimentin staining was
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observed in uterine lining cells, both in the pre-decidual and decidual areas, on the 15" gestation
day. This has been previously reported in early pregnancy rat studies, suggesting that vimentin
may be a mesenchymal cell marker associated with cellular stability and the implantation
mechanism, and less related to the decidualization process (Korgun et al. 2007). Furthermore,
vimentin also plays an important role in cell migration (Chernoivanenko et al. 2013).

On the other hand, desmin, a protein that makes up the intermediate filaments of the
intracellular cytoskeleton of striated and smooth muscle cells, where it acts as structural support
(Favaro et al. 2014), is a good indication of deciduous cell staining in rodents (Glasser et al.
1987). A more intense staining was noted in the mature decidua region compared to the pre-
decidual region. These findings are indicative that the decidua region is formed by specialized
groups of cells subjected to the same physiological condition at the same time, guaranteeing
subsequent gestation, assuming different functions. Other studies employing desmin as a
decidual cell marker (Korgun et al. 2007; Yoshizawa et al. 2013) indicate a stronger expression
of this filament in the antimesometrial region of the uterine stroma, a fact also observed herein
in red-rumped agoutis.

Ovarian steroids, such as progesterone, are present during the gestation period, playing
the important role of maintaining the pregnancy, both in humans and rodents (Aquilera et al.
2022; Oliveira et al. 2022). During the decidualization phase, progesterone acts by promoting
the differentiation of uterine stromal cells into decidual cells (Martel et al. 1984; Yoshizawa et
al. 2013), which makes the presence of this hormone essential in the early pregnancy stages.

The progesterone and estrogen staining observed herein in the initial agouti pregnancy
phase demonstrates that the uterine stromal cells of this species are also subject to the action of
these hormones. This condition is widely reported in research concerning
immunohistochemical reactions with pregnant uterine tissue, indicating that both progesterone
and estrogen act directly on the extracellular matrix, promoting the necessary uterine cellular
structure changes with the aim of guaranteeing conceptus implantation success (Ramathal et al.
2010).

While some research suggests that ovarian estrogen is not necessary for implantation,
and that the presence of progesterone alone is sufficient to stimulate uterus receptivity to the
embryo (Harper et al. 1969; George e Wilson, 1978), others studies emphasize the role of the
production of this hormone in contributing to uterine receptivity (Finn e Martin, 1970; Ozturk
e Demir; 2010; Sandra, 2016). Thus, considering the strong estrogen staining noted in decidual

cells in pregnant red-rumped agoutis, we infer that this hormone does indeed participate in the
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mechanisms involving the embryo implantation and uterine epithelium differentiation process
in this species.

The presence of progesterone during early pregnancy stages leads in endometrial
hypertrophy resulting from an increase in the number and size of endometrial glands, increasing
their secretory activity (Martins et al. 2020). Thus, the positive PAS staining in agouti decidua
observed herein, may be correlated to hormonal stimuli. Studies concerning murine rodents
have also reported positive PAS staining in decidua basalis cells (Coan et al. 2006).

Human chorionic gonadotropin (hCG) staining in the trophoblastic cells of red-rumped
agouti embryos has not been described previously for this species. In humans, hCG can be
produced both by trophoblastic cells at the beginning of pregnancy (D’hauterive et al. 2022),
and by syncytiotrophoblast cells or invasive extravillous cytotrophoblast cells during the
gestation period (Cole, 2009). Furthermore, its receptors can be found in some cell types, such
as the smooth muscle of the myometrium and uterine endothelium decidua cells (D’hauterive
et al. 2022). These results are consistent with the staining observed in red-rumped agouti
decidual cells. hCG expression in agouti trophoblastic cells raises relevant questions concerning
hormones indicative of pregnancy, similar to what occurs in humans. In rodents, such as
agoutis, lactogenic hormones (PL-Is and PL-I1) take on the responsibility of maintaining the
corpus luteum for progesterone bloodstream secretion (Soares, 2004). In the context of
gonadotropic hormone variations, it is interesting to note that, in horses, equine chorionic
gonadotropin (eGC) is detected between 30 and 120 days gestation and is also produced by
trophoblastic cells (Aggarwal et al. 1980).

Concluséo

The identification of cytoskeletal markers and hormones during the initial gestation
phase of red-rumped agoutis indicate that cellular uterine endometrium changes in this period
occur quickly and harmoniously in this species, aiming to guarantee successful embryo uterus
implantation. This indicates the need for caviomorph rodent studies, aiming to better understand

the reproductive biology of this group.
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4 CONSIDERACOES FINAIS

Este estudo sobre o saco vitelino em cutias da espécie Dasyprocta leporina durante a
fase inicial de gestacéo fornece valiosas informacdes sobre o desenvolvimento embrionario e a
interacdo entre o embrido e o Utero, caracterizando o comeco de sua formacéao e destacando o
inicio da inversdo do saco vitelino entre os dias 14 e 15 de gestacdo. Além de identificar a
presenca de receptores hormonais de estradiol e progesterona, e de filamentos intermediarios
como desmina e vimentina nas células deciduais, evidenciando as modificacfes estruturais e
hormonais que as células uterinas sofrem durante o processo de decidualizacdo, essenciais para
assegurar o sucesso reprodutivo e compreender melhor os processos biologicos subjacentes.
Tais informacgbes revelam a complexidade dos eventos que ocorrem durante o inicio da
gestacdo. A aplicacdo de técnicas histoldgicas e imuno-histoquimicas avancadas destaca a
importancia da abordagem multidisciplinar para entender a biologia reprodutiva das espécies
animais. Esses resultados tém implicacGes significativas ndo apenas para a reproducgédo das

cutias, mas também para a conservacao de roedores e possivelmente outras espécies animais.



		2024-07-03T10:27:37-0300


		2024-07-03T18:00:08-0300


		2024-07-04T17:46:57-0300


		2024-07-04T21:42:14-0300




