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RESUMO

Alteracdes na arquitetura e na estrutura do endometrio na Egua no 5° Dia P0s-

Ovulacéo

Autor: Jorge Emilio Caballeros Haeussler

Orientador: Rodrigo Costa Mattos

Rapidas adaptacdes endometriais ocorrem com a chegada do embrido no Utero para
criar um ambiente uterino receptivo, que € essencial para o desenvolvimento do
concepto. As descricdes dos eventos endometriais que ocorrem antes da chegada
do embrido ao Utero, sdo escassas. O objetivo deste experimento foi demonstrar
mudancas na arquitetura e na estrutura do endométrio que ocorrem no dia 5 pGés-
ovulacdo em éguas ciclicas e inseminadas. Amostras de biopsia endometrial foram
recolhnidas em torno do dia 5 pés-ovulacio em um grupo de 10 éguas
reprodutivamente sadias, uma de cada corno, durante dois ciclos. No primeiro como
‘Ciclicas’ (n = 10) e no seguinte estas mesmas foram inseminadas para formar o
grupo ‘Inseminadas’ (n = 10). As éguas inseminadas foram subdivididas em dois
subgrupos: aquelas em que as amostras foram recolhidas antes do dia 5.5 e aquelas
em que as amostras o foram depois do dia 5.5. As biopsias endometriais foram
analisadas por microscopia de luz e microscopia eletrdnica de varredura. A
densidade, o diametro, o epitélio, o lumen e a secrecdo glandular, foram submetidos
a analise histomorfométrica. As células brancas foram avaliadas em uma contagem
diferencial. As células ciliadas, poligonais com microvilosidades, e a presenca de
células planas ou ingurgitadas no epitélio, na microscopia eletrénica de varredura,

foram analisados por uma contagem individual de cada um dos tipos celulares.



Houve um aumento no diametro glandular, uma diminuicdo significativa nas células
ciiadas e um aumento significativo na populacdo de linfécitos nas éguas
inseminadas, quando comparadas com as égua ciclicas. Na analise dos subgrupos
de éguas inseminadas, ndo houve diferencas nas variaveis. Estes resultados levam
a concluir que mudancas significativas ocorrem no endométrio no dia 5 pos

ovulacao, na égua inseminada.

Palavras-chave: Célula ciliada, diametro glandular, linfocito, embrido.
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ABSTRACT

Mare Endometrial Architectural and Structural changes at Day 5 post-ovulation

Autor: Jorge Emilio Caballeros Haeussler

Orientador: Rodrigo Costa Mattos

Rapid endometrial adaptations occur as the embryo enters the uterus to create a
receptive uterine environment, which is essential for the conceptus' development.
Descriptions of endometrial events before the embryo reaches the uterus, are scant
The aim of this experiment was to demonstrate architectural and structural changes
in the endometrium on day 5 after ovulation in cyclic and inseminated mares.
Endometrial biopsy samples were taken during day 5 post-ovulation from a group of
10 reproductively healthy mares, one from each uterine horn, during two cycles. The
first one they were considered as ‘cyclic’ (n = 10), and in the following one, the same
mares were inseminated to constitute the ‘inseminated’ group (n = 10). Inseminated
mares were subdivided into two subgroups: those sampled before day 5.5 and those
sampled after day 5.5. Biopsy samples were analyzed through optic microscopy and
scanning electron microscopy. Glandular density, diameter, epithelial height, lumen,
and secretion were analyzed through histomorphometry. White blood cells were
evaluated through a differential cell count. Ciliated cells, micro-ciliated polygonal
cells, and flat or protruded cells over the epithelium, on scanning electron
microscopy, were analyzed through an individual cell type count. Inseminated mares

presented an increase in glandular diameter, significant decrease in ciliated cell
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population, and a significant increase in lymphocyte population, compared to cyclic
mares. No differences in any of the variables were detected between subgroups from
inseminated mares. The results here presented lead to the conclusion that significant

endometrial changes occur on day 5 post-ovulation in inseminated mares.

Key-words: Ciliated Cell, glandular diameter, lymphocyte, embryo.
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1. INTRODUCAO

A prenhez precoce na égua € um periodo fascinante que engloba inUmeros e
profundos eventos e mudancas, muitos dos quais sdo Unicos ao equino (STOUT,
2009). Entre estes, a lenta passagem do embrido equino pela tuba uterina e o
transporte diferencial de oocitos e embries no oviduto podem ser mencionados
(ALLEN, 2005).

O embrido equino passa até o utero pela papila utero-tubarica depois do dia
5.5 pos-ovulacgdo, iniciando a mobilidade por todos os segmentos uterinos (BATUT
et al., 1997; SAMPER, 2009; McCUE; SQUIRES, 2015). A mobilidade do concepto
pelo Gtero claramente tem um papel importante, alterando a producéo de PGF;, no
momento do reconhecimento materno da prenhez no cavalo (MCDOWEL; SHARP,
2012). A migracao do concepto lhe permite também acumular uma ampla variedade
de proteinas e outros componentes das secre¢cdes endometriais na sua superficie
(LEFRANC; ALLEN, 2007). Durante o periodo entre a entrada no Gtero e a fixacéo, o
ambiente uterino torna-se fisica e bioquimicamente dinamico, realizando interacées
materno-embrionarias vitais, evitando a lutedlise e auxiliando no processo de fixacao
e nidagdo do concepto. Um endométrio funcional saudavel é vital ao longo da
gestacao, especialmente na implantacdo e durante o longo periodo que o precede,
guando as secrec¢des exdcrinas das glandulas endometriais sustentam inteiramente
o concepto movel (LEFRANC e ALLEN, 2007). O desenvolvimento embrionario
precoce, a implantacdo e a manutencéo da prenhez dependem criticamente de uma
interacdo bem orquestrada e precisa entre o0 embrido e o ambiente do utero (KLEIN;
TROEDSSON, 2011a).

Rapidas adaptacdes endometriais ocorrem com a entrada do embrido no
Utero. No dia 7 da gestacdo, a populacdo de células ciliadas diminui quando
comparada com éguas no mesmo dia do diestro, e continuam diminuindo

constantemente com o avanco da gestacdo (KEENAN et al., 1991; MATTOS et al.,
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2015). No mesmo dia da prenhez a égua apresenta células secretdrias com
microvilosidades ingurgitadas e é possivel observar material histotrofico recobrindo
algumas areas do epitélio. A quantidade de secrecdo aumenta consideravelmente
com o avanco da prenhez, deixando as células ciliadas submersas e com algumas

células secretédrias alongadas (MATTOS et al., 2015).

Eguas prenhes apresentam transformacdes endometriais que resultam em
valores histomorfométricos mais altos no dia 7 da prenhez, como maior diametro
glandular, altura epitelial, limen, e secre¢cdo do que as éguas ciclicas. Também, foi
observada uma presenca elevada de linfécitos e eosinofilos comparadas com éguas
controle (KEENAN et al., 1987; MARTINEZ et al., 2016). Provavelmente, estes
linfocitos estejam relacionados com uma resposta imune ao contato inicial com o
embrido, e os eosindfilos estejam modulando dita resposta (KEENAN et al., 1987;
MARTINEZ et al., 2016).

As descricbes dos eventos endometriais no dia 5 poés-ovulacdo, antes da
chegada do embrido ao Utero, sdo escassas. O objetivo deste experimento foi
demonstrar mudancas, na arquitetura e na estrutura do endométrio que ocorrem no

dia 5 pds ovulacdo em éguas ciclicas e inseminadas.
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2. REVISAO BIBLIOGRAFICA

2.1 Caracteristicas inusuais da prenhez equina

O transporte diferenciado dos odécitos e dos embribes foi descrito por Van
Niekerk e Gerneke (1966), sendo que o0s odcitos ndo fecundados sé se direcionam
até a unido ampulo-istmica e ficam nas pregas da mucosa do oviduto e lentamente
degeneram. O embrido equino passa até o Utero pela papila Gtero-tubéarica depois do
dia 5.5 pos-ovulacgéo, iniciando a mobilidade por todos os segmentos uterinos, fato
gue € essencial para o reconhecimento materno da prehez (BATUT et al., 1997,
SAMPER, 2009; McCUE; SQUIRES, 2015). O préprio embrido sintetiza grandes
quantidades de prostaglandina E2 (PGE2) no dia 5 pds-ovulagéo, para estimular o
relaxamento e a contracdo do oviduto e passar para o Utero (em torno de 24 horas
depois) (WEBER et al., 1991; 1992; 1995). Portanto, a partir do 6° dia pos-ovulacao,
a composicao e a qualidade do meio ambiente uterino séo criticos para o continuo
suporte e desenvolvimento do concepto (KENNEY, 1978; GINTHER, 1992; BALL,
1993; CROSSET; ALLEN; STEWART, 1996).

Um endométrio funcional e saudavel é vital ao longo da gestacéo,
especialmente na implantacédo e durante o longo periodo que a precede, quando as
secrecdes exdcrinas das glandulas endometriais sustentam inteiramente o concepto
mével (LEFRANC e ALLEN, 2007).

O desenvolvimento embrionario precoce, a implantacdo e a manutengédo da
prenhez dependem criticamente de uma interacdo bem orquestrada e precisa entre
0 embrido e o ambiente do utero (KLEIN; TROEDSSON, 2011a). O embrido jovem
indica sua presenca, interrompe o ciclo estral e mantém a gestacdo, num processo
conhecido como “Reconhecimento materno da prenhez" (RMP) (SHORT, 1969). A
diferenca dos equinos, em relacdo aos ruminantes e 0s suinos, € que estes sdo uma
das poucas espécies domésticas na qual o sinal do RMP derivado do embrido ainda
nao foi identificado (KLOHONATZ et al., 2013).
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Varias caracteristicas da prenhez na égua sdo incomuns e diferem
marcadamente dos eventos equivalentes bem estudados em outras espécies
domeésticas (ALLEN, 2005). Algumas destas interagdes materno-embrionarias

precoces sao preponderantes no éxito da gestacdo (MERKL, 2011).

2.2 O Utero como sistema enddécrino, esterdides e hormonios

O Utero é parte do sistema enddcrino, sendo o 6rgdo alvo dos esterdides e
produtor de horménios (BLANCHARD et al.,, 2003). Os horménios controlam a
atividade secretéria uterina quantitativa e qualitativamente. A sincronia entre 0s
horménios maternos e o0 desenvolvimento embrionario € uma condicdo para o
estabelecimento da prenhez. O endométrio equino € um tecido complexo composto
de varios tipos celulares: epitélio luminal e glandular, estroma e vasos, respondendo
a diferentes estimulos hormonais, uma vez que o endométrio varia de uma forma
ciclica em sua aparéncia histologica, de acordo com 0s niveis de esterdides
ovarianos (KENNEY, 1978; KENNEY; DOIG, 1986; SCHLAFER, 2007). Tanto o
estradiol (Ez) como a progesterona (P4) mediam mudancas nos tecidos reprodutivos

da égua durante o ciclo estral e a prenhez precoce (GINTHER, 1992).

2.3  Proliferagdo endometrial

A proliferacdo endometrial equina deve ser dividida em duas fases: a
proliferagdo do estroma durante o estro e a proliferagéo epitelial durante o diestro
(AUPPERLE et al.,, 2000). Exames histolégicos evidenciam o epitélio luminal
alcangando o pico da sua altura (20 a 30 um, podendo chegar a 50 ym) no inicio do

estro. Em algumas éguas o epitélio luminal parece mudar para colunar baixo (15 um)
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no final do estro. Vacuolos citoplasmaticos sdo comuns nas células do epitélio
luminal. E comum também nessa fase, o acimulo ou marginalizacdo de neutrofilos
polimorfonucleares ao redor de vénulas no lumen uterino ou em capilares (KENNEY,
1978). No diestro, durante os sete primeiros dias apds o estro, o epitélio luminal
pode ser colunar alto (20 ym) ou baixo (15 uym) e ocasionalmente cubico (10 pm).
Gerstenberg et al. (1999) sugerem que o motivo do lento transporte do embrido no
oviduto dos equinos esta vinculado a este padrao de proliferacédo e propdem que o
embrido chega ao Utero no 6° dia para permitir o crescimento do epitélio glandular

para posterior secrecéo do histotrofo.

Durante a fase inicial do diestro ocorre a maioria das mitoses nas glandulas
endometriais, proliferacdo singular da espécie equina. No 6 dia, os niveis de E; sdo
baixos e os de P, maximos, fatos associados a maxima expressao dos receptores
esterdides nas células epiteliais, fundamentalmente no epitélio glandular
(BRUNKHORST et al., 1991; RAILA et al., 1998; AUPPERLE et al., 2000;
KALPOKAS et al., 2010).

O embrido equino pré-implantacdo produz esterbides e particularmente o0s
estrogenos em quantidades consideraveis para melhorar suas fungbes na
manutengao da prenhez (ZAVY et al., 1979; FLOOD et al., 1979). Diferentemente do
suino, descartou-se que esta molécula seja a sinalizadora do RMP (KLEIN;
TROEDSSON, 2011b), porém, existem outras funcdes que justificariam a producéo
embrionaria deste horménio a partir do dia 10. Os estrdgenos embrionarios seriam
responsaveis pela estimulacdo da migracdo embrionaria, além de mudancas na
contratilidade uterina, e na atividade secretora glandular endometrial (STOUT;
ALLEN, 2001; MERKL et al., 2010).

2.4  Expressao de horménios e genes no Utero a partir do dia da ovulagéo

A ciclicidade reprodutiva nas éguas é regulada pela regressao do corpo luteo

induzido pela PGF,,, que é secretada por pulsos no final do ciclo estral. Durante a
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gestacao precoce, 0 concepto impede esta secrecéo, evitando assim a lise do CL e
mantendo a produgéo de progesterona. A enzima fosfolipase A2 (PLA2) cataliza a
secrecdo de acido araquidonico pelos fosfolipides de membrana e sua atividade
aumenta durante a lutedlise, diminuindo nas éguas prenhes. Recentemente, uma
proteina de 17 — kDa, identificada como um tipo IIA sPLA2 , foi detectada ligada as
capsulas embrionarias equinas normais e aumentou substancialmente em resposta
a injecdo de PGF,,. O numero de células positivas pela imunohistoquimica a esta
enzima foi elevada durante o estro, diminuiu a niveis basais no dia 8. Ndo houve
diferenca significativa entre as concentracdes de éguas prenhes e vazias mas foram
achadas nas éguas ciclicas no dia 15, com concentracdes baixas de P4. Os niveis
de mRNA cPLA2 aumentaram significativamente quando as concentragdes de P4
diminuiam abaixo dos 3,18 nM, durante o estro e em algumas éguas ciclicas no dia
15 pos ovulacdo (ABABNEH et al., 2011).

A concentracdo de progesterona tem niveis basais no dia da ovulacdo e
aumenta no dia 3 (4.1-11.2 ng/ml) e atinge no nivel maximo no dia 8 (14.8-30.0
ng/ml), em éguas vazias. A expressao génica do endométrio entre os dias 3 a 8 pos
ovulacédo - fase lutea, é relacionado a funcdes e processos metabdlicos secretores e
de juncéo celular. No dia 3 se agrupam genes com funcéo de proliferacao celular,
biogénese ribosomal e mitocondrial. O receptor de componente da membrana P4-1
(PGRMC1) apresenta-se elevado no dia 8. Este gene é considerado um dos genes
“de resposta tardia a P4”, que possui atividade no transporte de proteinas, ao reticulo
endoplasmatico e aparelho de Golgi, que dao sinais para processos metabolicos
como os de monossacarideos e lipidios. No dia 10, o gene do receptor gama
relacionado ao estrogeno (ESSRA), encontra-se no nivel mais alto, regulando a
recepcao dos horménios e compartilhando genes alvo e proteinas corregulatorias
com o mRNA do receptor especifico de estrogeno (ESR). As func¢des destes genes
indicam que o endométrio esta se preparando para a manutencao do embrido para o

seu crescimento e desenvolvimento (GEHARBT et al., 2012).

O endométrio € um tecido complexo, que consiste de diferentes camadas de
células e o objetivo da sua ciclicidade € se preparar para a implantacdo do embri&o.
A interacdo entre as prostaglandinas e os esterdides ovarianos representa um papel

crucial nestes processos complexos. Os esterdides ovarianos afetam a morfologia e
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fungdo do endométrio. O E, regula o comportamento sexual, melhora a motilidade

uterina e promove a atividade secretora do trato reprodutivo, enquanto a P, afeta a
secre¢cao endometrial, promove a manutengdo da prenhez, inibe o hormonio
liberador das gonadotrofinas e o comportamento reprodutivo. As prostaglandinas
atuam localmente modulando processos biolégicos do endométrio, como a
proliferacdo celular, angiogénese, implantacdo embrionaria ou, perifericamente, no
corpo ltteo (SZOSTEK et al., 2014).

Trocas ciclicas do endométrio sdo processos complexos governados pela
acao reciproca das diferentes vias que regulam o crescimento e a proliferacdo
celular, onde os esteroides ovarianos tem um papel fundamental. Eles acionam as
prostaglandinas (PG), modulam a resposta celular do endométrio as interleucinas
(IL) e estimulam a producao de prostaglandinas pelas células epiteliais como pelas
células do estroma. O E, pode modular a resposta endometrial a IL, mais
especificamente a IL-1 e IL-6. A resposta do endométrio a estes fatores é resultado
da atividade das células epiteliais e do estroma. A influéncia dos esteroideos
ovarianos na producéao estimulada pela IL-6 de PG e dependente do tipo da célula e
da PG, a qual aumenta no caso da PGE, pelas células do estroma (SZOSTEK et
al., 2014).

O mRNA do receptor de estrogeno beta (E) foi detetado no embrido no dia 7,
10, e 14. A expressdao do mRNA para receptores de P4 foi maior no dia 7 do que no
dia 14. (RAMBAGS et al., 2008)

2.5 O atero a partir da entrada do embrido

O embrido entra no Utero entre os dias 5.5 e 6.5 pds-ovulacédo (BATUT et al.,
1997; SAMPER, 2009; McCUE; SQUIRES, 2015) e se movimenta livremente pelo
[imen endometrial até o dia 16, fixando-se entdo na parede de um dos cornos
uterinos (GINTHER, 1983; GASTAL et al., 1996). O aumento do fluxo sanguineo

endometrial é associado com a presenca do concepto durante a fase de mobilidade
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da prenhez precoce na égua (SILVA et al.,, 2005; SILVA; GINTHER, 2006). A
composicdo e a qualidade do meio ambiente uterino sdo pontos criticos para o
continuo suporte e desenvolvimento do concepto pelo que o endométrio muda
rapidamente (CROSSET et al., 1996).

Com a entrada do embrido no Utero diversas mudancas ocorrem no
endométrio. A partir do 7° dia de gestacdo ocorre uma reducdo das células ciliadas
em relacdo a éguas no 7° dia do diestro, diminuindo constantemente no transcorrer
dos dias. Na égua gestante com sete dias, h& presenca de células secretorias com
microvilosidades ingurgitadas e € possivel observar a presenca de material
histotréfico encobrindo algumas areas do epitélio. A quantidade de secrecéo
aumenta consideravelmente, deixando as células ciliadas submersas. Algumas
células secretorias alongam-se distintamente (KEENAN et al., 1991; MATTOS et al.,
2015).

Entre os dias 2-5 pos ovulacdo éguas prenhes apresentam epitélio mais alto
do que o observado em éguas no diestro (KEENAN et al., 1987). Entretanto, entre
os dias 6-9 ocorre um aumento na presenca de linfécitos e eosinéfilos nas éguas
prenhes, sugerindo que os linfécitos sdo uma resposta imunolégica ao contato inicial
do embrido e que os eosinofilos seriam os moduladores desta resposta (KEENAN et
al., 1991; MARTINEZ et al., 2016).

Eguas prenhes apresentam valores histomorfologicos mais altos do que as
ciclicas no epitélio, diametro, limen e secre¢ces glandulares, a partir do 7° dia da
prenhez, diminuindo o epitélio e o didmetro nos dias 10 e 13. A presenca de
linfécitos e eosindfilos foi significativamente maior nas éguas prenhes no 7° dia do
que nas éguas ciclicas, reduzindo a sua presenc¢a nos dias 10 e 13, sendo estes
acontecimentos endometriais associados a prenhez precoce (MARTINEZ et al.,
2016).
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2.6  Histologia normal do atero

O Uutero equino estd composto de trés camadas. A camada interna ou
mucosa, ou endométrio, que nao é deciduo. A segunda camada, intermediéria, € o
miométrio com fibras circulares internamente e longitudinais externamente. A
terceira e mais externa camada uterina € o perimétrio. Uma bidpsia endometrial
geralmente consiste s6 da porcdo de prega endometrial, e eventualmente pode
conter a porcao basal da lamina propria e até parte da camada circular do miométrio
(KENNEY, 1978; RICKETTS, 1978).

O endométrio € composto de duas camadas: o epitélio luminal e a lamina
prépria que se estende da membrana basal do epitélio até a camada circular interna
do miométrio. O epitélio luminal é composto de células cubdides a colunares altas
gue residem na membrana basal, que varia na altura de acordo com a fase do ciclo
estral. Menos de um terco das células é ciliada (KENNEY, 1978; RICKETTS, 1978).

A lamina prépria é composta de duas camadas que se mesclam
imperceptivelmente entre elas, e divididas para melhor descricdo baseada na
populacdo de células do estroma. O estrato compacto (EC) que sustenta o epitélio
luminal, tem cerca 0,75 a 1 mm de espessura. O EC é caracterizado por
relativamente alta concentracdo de células do estroma e numerosos capilares juntos
a membrana basal. As células do estroma séo estreladas, irregulares, com nucleo
oval a redondo e modesto citoplasma. Entre elas existe a rede de reticulina, ou
matriz extracelular (MEC) de colageno tipo lll. O estrato esponjoso (EE) tem menor
densidade celular de estroma que Ihe confere um aspecto esponjoso. Normalmente
este espaco fica preenchido de fluido tissular. Os vasos no EE séo capilares,
arteriolas, vénulas e ocasionalmente pequenas artérias musculares, havendo

também vasos linfaticos presentes no EE (KENNEY, 1978; RICKETTS, 1978).
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Fig. 1. Diagrama esquematico das camadas uterinas (Kenney, 1978).

A presenca de numerosas glandulas uterinas é caracteristica marcante da
lamina prépria, sendo estas originadas e conectadas ao epitélio luminal por ductos.
Os ductos sao usualmente simples e sem ramificacbes, e estdo localizados
integralmente no EC. As demais porcbes das glandulas estdo inteiramente
localizadas no EE. As glandulas sédo divididas em porcbes média e basal,
consistindo de glandula tubular, ramificadas com 10 ou mais ramos primarios e
outros secundarios (KENNEY, 1978; RICKETTS, 1978).

Durante o estro, o epitélio luminal é colunar de médio a alto, variando de
simples a pseudoestratificado, resultado da atividade mitética. Neste periodo a
presenca de vacuolo citoplasmatico € comum, especialmente no terco basal da
célula. Encontrando, também nessa fase edema, congestdo vascular e infiltrado
leucocitario (RICKETTS, 1978). A densidade glandular por unidade de area € menor
no estro do que em outras fases como resultado do edema endometrial,. As

glandulas s&o menos tortuosas que durante o diestro (KENNEY, 1978).

Na fase de diestro, o epitélio luminal é colunar baixo. O edema do estroma

esta diminuido ou ausente durante o diestro; como resultado, a densidade glandular
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normalmente aumenta e as glandulas aumentam sua tortuosidade provavelmente
como resultado de aumento no comprimento. A hiperplasia glandular € o aumento
do numero de células do epitélio glandular que pode provocar um aumento no
comprimento e tortuosidade glandular bem como aumento no nimero de ramos das
glandulas (KENNEY, 1978).

A hiperplasia glandular é esperada no diestro e gestacdo por efeito da
progesterona, mas algumas condi¢cdes patoldégicas na égua, como a fibrose
periglandular, também promovem hipertrofia do epitélio glandular como resposta
(KENNEY, 1978).

Eventos comuns aos encontrados durante o diestro e na gestagao inicial em
equinos foram relatados por Keenan et al. (1987). Presenca de epitélio cubdide e
colunar simples ou pseudoestratificado, vacuolos celulares, presenca de leucdcitos
no estroma, adensamento de glandulas foram descritos no diestro e na gestacéo até
os 21 dias. Entretanto, apenas nas éguas gestantes foi relatada a presenca de

pleomorfismo celular do epitélio superficial.

A analise histomorfométrica do endométrio foi utilizada para avaliar a altura do
epitélio luminal e glandular; densidade glandular e luminal; e a porcentagem de
glandulas com lumen e com secrecao intraluminal, usando um analisador da imagen
semiautomético composto por uma camera e uma tabela digital (MANSOUR et al.,
2014).

2.7 Microscopia eletronica do utero

A microscopia eletronica de varredura ja foi utilizada para estudar a anatomia
de superficie do utero de mulheres (JOHANNISSON; NELSON, 1972), coelha
(KANAGAWA et al., 1972), éguas (SAMUEL et al, 1979) e ratas (SANFILIPPO et al.,
1985).
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O endométrio da égua apresenta dobras com longas cristas e canais, com
células ciliadas ao redor das aberturas das glandulas. As células com
microvilosidades, com formato claramente poligonal, sdo as mais comuns durante o
ciclo estral. As células ciliadas apresentam uma superficie arredondada, sendo
completamente coberta por cilios. As células prociliadas provavelmente séo células
ciliadas em desenvolvimento. As células secretoras poligonais apresentam ampolas

apicais com quantidades variaveis de aberturas (SAMUEL et al., 1979).

Na burra observam-se dobras endometriais orientadas em formato irregular
no corpo do Utero, no entanto nos cornos a organizacado € em formato longitudinal e
paralela. As aberturas das glandulas uterinas estéo localizadas nas zonas profundas
das depressfes, com poucas localizadas nas dobras. A maior quantidade de células
apresenta formato poligonal na sua superficie apical. As diferentes regides
apresentam variacdes entre os tipos celulares, células ciliadas e as células com
microvilosidades (as mais comuns). Algumas células secretérias apresentam
ampolas apicais, que podem apresentar superficies lisas e enrugadas (ABD-
ELNAEIM, 2008).

No diestro, o nimero de células secretérias € baixo na égua, no entanto as
células ciliadas se apresentam em maior niumero no diestro médio, diminuindo
guando se aproxima o final do diestro, sempre em niveis maiores do que no estro.
As células prociliadas apresentam-se no inicio do diestro médio. Em cada dobra h&a
sulcos menores que conferem uma superficie ondulada com topos e calhas. As
células epiteliais secretoras, variam entre planas ou protuberantes ingurgitadas
ocupando a maior parte da superficie, havendo algumas delas erodidas
provavelmente por recente secrecdo de vesiculas. As aberturas das glandulas se
apresentam nas cristas das dobras. Pouco material histotréfico se encontra
acumulado, apenas entre as criptas (SAMUEL et al., 1979; WINTER et al., 2014).

Na endometrite, 0 epitélio apresenta respostas variadas, geralmente com
falha na superficie da membrana das células com microvilosidades, perda de cilios,
cilios aderidos, perda de células individuais deixando orificios no epitélio e presenca
de fragmentos. Em casos de atrofia uterina observam-se tanto microvilosidades
como ceélulas ciliadas, ao lado de células secretoras, que apresentam ampolas

secretoras encarquilhadas; algumas das microvilosidades se perdem em parte da
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célula. No utero hipoplasico se observam células ciliadas e com microvilosidades
normais, mas sem células secretoras (SAMUEL et al., 1979).



27

3. ARTIGO

Alteracdes na arquitetura e na estrutura do endometrio na Egua no 5° Dia Pés-

Ovulagéo

Autor: Jorge Emilio Caballeros Haeussler

Orientador: Rodrigo Costa Mattos

RESUMO

Rapidas adaptac6es endometriais ocorrem com a chegada do embrido no Utero para
criar um ambiente uterino receptivo, que € essencial para o desenvolvimento do
concepto. As descricdes dos eventos endometriais que ocorrem antes da chegada
do embrido ao Utero, sdo escassas. O objetivo deste experimento foi demonstrar
mudancas na arquitetura e na estrutura do endométrio que ocorrem no dia 5 pés-
ovulacdo em éguas ciclicas e inseminadas. Amostras de biopsia endometrial foram
recolhidas em torno do dia 5 pés-ovulacdo em um grupo de 10 éguas
reprodutivamente sadias, uma de cada corno, durante dois ciclos. No primeiro como
‘Ciclicas’ (n = 10) e no seguinte estas mesmas foram inseminadas para formar o
grupo ‘Inseminadas’ (n = 10). As éguas inseminadas foram subdivididas em dois
subgrupos: aquelas em que as amostras foram recolhidas antes do dia 5.5 e aquelas
em que as amostras o foram depois do dia 5.5. As biopsias endometriais foram
analisadas por microscopia de luz e microscopia eletrdnica de varredura. A
densidade, o diametro, o epitélio, o limen e a secre¢do glandular, foram submetidos
a analise histomorfométrica. As células brancas foram avaliadas em uma contagem
diferencial. As células ciliadas, poligonais com microvilosidades, e a presenca de
células planas ou ingurgitadas no epitélio, na microscopia eletronica de varredura,

foram analisados por uma contagem individual de cada um dos tipos celulares.
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Houve um aumento no didmetro glandular, uma diminui¢o significativa nas células
ciiadas e um aumento significativo na populacdo de linfécitos nas éguas
inseminadas, quando comparadas com as égua ciclicas. Na analise dos subgrupos
de éguas inseminadas, nédo houve diferencas nas variaveis. Estes resultados levam
a concluir que mudancas significativas ocorrem no endométrio no dia 5 pos

ovulacao, na égua inseminada.

Palavras-chave: Célula ciliada, diametro glandular, linfocito, embrido.
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Mare Endometrial Architectural and Structural changes at Day 5 post-ovulation

ABSTRACT

Rapid endometrial adaptations occur as the embryo enters the uterus to create a
receptive uterine environment, which is essential for the conceptus' development.
Descriptions of endometrial events before the embryo reaches the uterus, are scant
The aim of this experiment was to demonstrate architectural and structural changes
in the endometrium on day 5 after ovulation in cyclic and inseminated mares.
Endometrial biopsy samples were taken during day 5 post-ovulation from a group of
10 reproductively healthy mares, one from each uterine horn, during two cycles. The
first one they were considered as ‘cyclic’ (n = 10), and in the following one, the same
mares were inseminated to constitute the ‘inseminated’ group (n = 10). Inseminated
mares were subdivided into two subgroups: those sampled before day 5.5 and those
sampled after day 5.5. Biopsy samples were analyzed through optic microscopy and
scanning electron microscopy. Glandular density, diameter, epithelial height, lumen,
and secretion were analyzed through histomorphometry. White blood cells were
evaluated through a differential cell count. Ciliated cells, micro-ciliated polygonal
cells, and flat or protruded cells over the epithelium, on scanning electron
microscopy, were analyzed through an individual cell type count. Inseminated mares
presented an increase in glandular diameter, significant decrease in ciliated cell
population, and a significant increase in lymphocyte population, compared to cyclic
mares. No differences in any of the variables were detected between subgroups from
inseminated mares. The results here presented lead to the conclusion that significant

endometrial changes occur on day 5 post-ovulation in inseminated mares.

Key-words: Ciliated Cell, glandular diameter, lymphocyte, embryo.
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INTRODUCTION

Early pregnancy in the mare is a fascinating period that encompasses
numerous profound developmental changes and events, many of which are unique to
the horse (STOUT, 2009). The slow passage of the equine embryo through the
oviduct and the differential transport of oocytes and embryos within the equine

oviduct are some of these unusual features (ALLEN, 2005).

The equine embryo passes all the way down the oviduct to enter the uterus
through the protuberant utero-tubal papilla after day 5.5 post-ovulation, starting its
mobility through all the uterine segments (BATUT et al.,, 1997; SAMPER, 2009;
McCUE; SQUIRES, 2015). Conceptus mobility throughout the uterus clearly plays an
important role in altering PGF,, production at the time of maternal recognition of
pregnancy in horses (MCDOWEL; SHARP, 2012). Also, migration allows the
conceptus to accumulate a range of proteins and other components of endometrial
gland secretions onto its surface (ALLEN, 2001). At that stage, the nonattached
conceptus is sustained entirely from the exocrine secretions of the endometrial
glands (LEFRANC; ALLEN, 2007). Early conceptus development, implantation and
maintenance of pregnancy are critically dependent upon a precisely orchestrated
interaction between the conceptus and the uterine environment (KLEIN;
TROEDSSON, 2011a).

A rapid endometrial adaptation occurs with the embryo entering the uterus. On
day 7 of gestation, ciliated cell population decreases compared to mares on the
same day of diestrus, and continues to decrease as gestation progresses (KEENAN
et al., 1991; MATTOS et al., 2015). Also, on day 7 of pregnancy, it is possible to
observe histotrophic material covering some epithelial areas of the endometrium, and
protruded secretory micro-ciliated cells. The amount of secretion increases
considerably with the advance of pregnancy, leaving ciliated cells submerged, and

some secretory cells become elongated (MATTOS et al., 2015).

Pregnant mares presented endometrial transformations, which resulted in
higher histomorphometric values on day 7 of pregnancy, with larger glandular

diameter, epithelial height, lumen and secretions than cyclic mares. Also, an
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increased presence of lymphocytes and eosinophils was observed in pregnant mares
when compared to control mares (KEENAN et al., 1987; MARTINEZ et al., 2016).
Probably these lymphocytes are related to an immune response to the initial contact
with the embryo, and the eosinophils are thought to be response modulators
(KEENAN et al., 1987; MARTINEZ et al., 2016).

Descriptions of endometrial events at day 5 post-ovulation, before the embryo
reaches the uterus, are scant. The aim of this experiment was to demonstrate
architectural and structural changes of the endometrium at day 5 after ovulation in

cyclic and inseminated mares.

Material and Methods

Animals

The present experiment was conducted in the south of Uruguay during the
southern breeding season (February to March), using 10 cyclic Quarter Horse mixed-
breed mares from a commercial herd. Mare’s ages ranged from 4 to 10 years,
weighting between 450 and 550 Kg, with mean body condition score of 3 (in a range
from 1 to 5) (Malschitzky et al. 2001). Mares were kept in natural pastures and
supplemented with alfafa hay and oats. Animals were given free access to water and
received ad libitum mineral supplementation. Mares did not present any history of
fertility problems. Their reproductive status was evaluated through physical

examination and ultrasound (Sonoscape S6, Shenzhen, China).

This study was carried out following an Animal Ethical Use Committee
approved protocol from Universidade Federal do Rio Grande do Sul, Porto Alegre,
RS, Brazil (protocol number 27316 from April 17, 2014).
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Reproductive Management

Mares were examined daily by transrectal palpation and ultrasonographic
examination. When a corpus luteum was detected, estrus was induced with 5 mg

dinoprost tromethamine IM (Lutalyse®, Pfizer Saude Animal, Paulinia, SP, Brazil).

Once estrus was confirmed and a follicle > 35 mm in diameter and marked
uterine edema were evidenced (Ginther; 1986), mares were monitored every 24 h
until ovulation was detected. Ovulation was considered day 0. Biopsy samples were
performed at day 5 after ovulation in all mares (n = 10). Samples were obtained from
each uterine horn near the bifurcation (n=20). These samples constituted the ‘Cyclic
Group’. On day seven all mares were administered 5 mg dinoprost tromethamine IM

to induce a new estrus.

Mares were monitored daily by transrectal palpation and ultrasound. At the
second estrus, when a pre-ovulatory follicle (> 40 mm) was observed in association
with a reduced grade of uterine edema (Ginther; 1986), mares were inseminated with
fresh semen from a fertile stallion (> 80% fertility during breeding season), with 800 x
10° sperm cells. Examinations continued until ovulation confirmation, considered day
0. At day 5, biopsy samples were collected from both horns (n = 20), close to the

bifurcation, in all mares (n = 10). These samples constituted the ‘Inseminated Group’.

The time interval between ovulation and biopsy ranged from 5 to 5.5 days in
five mares from the Inseminated Group, and they constituted the subgroup ‘< 5.5 d'.
Another five mares were sampled at an interval from 5.5 to 6 days and constituted
the subgroup > 5.5d’.

Biopsy samples from the Cyclic and Inseminated Groups were divided in two
parts: one, stored on a 2.5% glutaraldehyde solution, used for Scanning Electron
Microscopy studies; and another stored on a 4% buffered paraformaldehyde solution,

used for histology studies.
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Scanning Electron Microscopy

Tissues from both groups were fixed on a 2.5% glutaraldehyde solution on a
phosphate buffer 0.1 M pH 7.4. After fixation, fragments were washed three times in
phosphate buffer for 30 min each. Afterwards, samples were dehydrated on
increasing concentrations of PA acetone, at 30%, 50%, 70%, for 10 min each,
followed by PA acetone at 90% for 10 and 20 min and PA acetone at 100% for 10
and 20 min. Then samples were dry dehydrated on a CO; critical point dryer (Critical
Point Dryer CPD030 — Balzers), and then positioned and adhered with a double
sided carbon tape over a metallic stub to be coated with 20 nm of gold and carbon
(Sputter Coater SCD0O50 — Balzers). A JSM 6060 (JEOL) scanning electron
microscope, operated on an electron beam between 8 kV and 10 kV, was used.

Images were saved as TIFF (Tagged Image File Format).

Five magnifications were used to capture images: 500 x, 1000 x, 1500 x,
2000 x and 3000 x. At 500 x, images from five randomly selected fields were
evaluated, and to avoid errors in quantification and structure identification, 1000 x
and 1500 x magnifications were used. Images in 2000 x and 3000 x were used for

graphic purposes and to study structure’s appearance.

The five 500 x images from each biopsy sample were divided with a grid
containing 20 squares measuring 50 x 50 um each. Five squares were randomly
selected for evaluation, resulting in 25 quantifications per sample. In each square the
number of the different cells types (micro-ciliated polygonal cells, ciliated cells, and
percentage of flat or protruded cells in the epithelium) was counted. Also, the level of
secretion over the epithelium was evaluated, using a subjective scale ranging from 1
to 5, where 1 represents no secretion and 5 maximum secretion,. Quantification was
done using FIJI image analyzing software (ImageJ®, National Institutes of Health,
Maryland, USA). After quantification, a mean was established per each variable, for

each mare.
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Histology

Samples from both groups conserved in paraformaldehyde were conditioned to
be included in paraffin. Paraffin blocks were cut with an automated microtome (Leica,
RM165) at a 5 pm thickness, adhered in histology slides and kept on a 60°C
incubator. After deparaffinization, cuts were colored using routine techniques for
tissue samples (TOLOSA et al., 2003), using hematoxylin eosin (HE). Samples were

then histologically evaluated.

Histological analysis was performed using an optic microscope (DM500, Leica
Microsystems GmbH, Germany), with an attached capture camera (ICC500 HD,
Leica Microsystems GmbH, Germany), and an image acquisition software (LAS EZ,

Leica Microsystems GmbH, Germany).

From each sample, 3 fields were observed at 100 x to evaluate glandular
density in both the stratum spongiosum and the stratum compactum; quantifying the
amount of glands per stratum in each field. After quantification of the 3 fields, an

average was calculated per each sample.

Glandular diameter, glandular lumen, and glandular epithelium were assessed
in 9 fields at 400 x, evaluating and at least 5 glands per field. Glandular diameter was
considered as the average between two perpendicular measurements of the distance
between one basement membrane and the opposite one. Glandular lumen diameter
was defined as the space between both apical membranes, and considered as the
average between two measures taken perpendicularly. Glandular epithelium height
was measured by taking the distance from the basement membrane to the apical
membrane in one or two zones that represented the epithelium’s mean height,

calculating an average for each gland.

Glandular secretion was evaluated in 9 fields at 400 x, and estimated based
on a scale from 1 to 5, where 1 represents no secretion and 5 maximum secretion. A

mean was estimated for the nine images per sample.

White blood cells were counted in 9 fields at 400 x, doing differential cell
quantification per stratum. After evaluating all 9 images a mean was estimated for

each sample.
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Blood vessel diameter was measured in 3 fields at 100 x and an average was
calculated from each sample.

When all of the measurements were gathered a mean for each variable was
calculated for each sample. Measurements were done using the FIJI image

analyzing software (ImageJ®, National Institutes of Health, Maryland, USA).

Statistical Analysis

Variables were evaluated using the Statistical Analysis System (SAS, Cary,
NC, USA). Micro-ciliated polygonal cells, ciliated cells, percentage of flat or protruded
cells in the epithelium, level of secretion over the epithelium, glandular density in the
stratum spongiosum and the stratum compactum, blood vessel diameter, glandular
diameter, glandular epithelium, glandular lumen diameter, glandular secretion, and
lymphocytes, eosinophils, monocytes, and neutrophils in the stratum spongiosum
and the stratum compactum were considered as dependent variables. Group,
‘Inseminated’ or ‘Cyclic’, and the subgroups, ‘< 5.5 d’ and > 5.5 d’, were considered
as independent variable. Variables were evaluated for normality using the PROC
UNIVARIATE procedure, those not meeting normal distribution were transformed
using natural logarithm and those still not meeting normality by this method were

evaluated by non-parametric statistics.

Variables with normal distribution were analyzed using the PROC GLM
procedure, which evaluates non balanced variables, testing for interactions between
horn (ipsilateral or contralateral to the ovulation) and treatment (cyclic or
inseminated), and if these had a statistical effect on the variables. Means were
evaluated using Tukey’s test, using the LSMEANS procedure. Variables not meeting
normal distribution were analysed by the PROC NPAR1WAY procedure, to evaluate
the means by Wilcoxon e Kruskal-Wallis tests. A paired T test was conducted to
compare the subgroups (‘< 5.5 d’ and >5.5 d’) using the PROC TTEST procedure.

Differences P < 0.05 were considered significant.
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RESULTS

In Cyclic and inseminated mares, ciliated and micro-ciliated polygonal cells
were clearly identified; the later were either protruded or flat. Epithelium was
presented in a folded fashion with minor sulci and with a low presence of glandular
openings. Little endometrial secretion was identified over the epithelium in mares
from both groups (Fig. 1).

Fig. 1. Electromicrographs showing cellular types composing epithelial surface of
the endometrium: ciliated and micro-ciliated polygonal cells (a), protruded cells (b),

folded epithelium with minor sulci showing both types of cells, ciliated and micro

ciliated polygonal cells (c).

Glandular diameter increased (P = 0.008) in the ‘Inseminated Group’ (56.3 +
5.9 um) compared to the ‘Cyclic Group’ (50.5 + 7.2 um) (Fig. 2 and Fig. 3A).
Nevertheless, no difference (P = 0.354) was observed when comparing inseminated
mares sampled in subgroups ‘< 5.5 d’ and > 5.5 d’ (Fig. 3B). Glandular density was
not affected statistically by insemination neither at the stratum spongiosum nor at the
stratum compactum. Also, glandular luminal diameter (P = 0.258), glandular
epithelium height (P = 0.241), glandular secretion (P = 0.224), and blood vessel
diameter (P = 0.647) did not show differences between groups.



Fig. 2. Photomicrographs of mare endometrium from ‘Cyclic’ (a) and ‘Inseminated’ (b)

groups, showing glandular diameter and glandular luminal diameter (HE — 400x, bar =

50um)
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Fig 3. — Boxplots for Glandular diameter from ‘Cyclic’ and ‘Inseminated’ mares (A),
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37

Ciliated cells decreased (P = 0.006) in the ‘Inseminated Group’ (13.6 + 5.3

cells/field) compared with the ‘Cyclic Group’ (19.1 + 6.5 cells/field) (Fig. 4 and Fig

5A). However, no difference (P = 0.215) was observed when comparing inseminated

mares in subgroups ‘< 5.5 d’ and > 5.5 d’ (Fig. 3B). No difference was detected

between groups in the amount of micro-ciliated polygonal cells (P = 0.393), in the

amount of secretion over the epithelium (P = 0.387), and in the percentage of flat (P
= 0.739) and protruded cells (P = 0.951).
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Fig. 4. Electromicrographs (1000 x) showing the amount of ciliated cells in ‘Cyclic’
(a) and ‘Inseminated’ mares (b); in both, there is a predominance of micro-ciliated

polygonal cells varying between flat and protruded.
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Fig. 5. Boxplots for Ciliated cells observed on Scanning electron microscopy for
‘Cyclic’ and ‘Inseminated’” mares (A), and in inseminated mares sampled < 5.5 d
and > 5.5 d post ovulation (B). Different letters (a, b) represent significant
differences (P < 0.05).

Lymphocytes at the stratum compactum increased (P < 0.001) in ‘Inseminated’
mares (9.2 + 1.6 cells/field) when compared to ‘Cyclic’ mares (7.1 + 1.6 cells/field)
(Fig. 6 and Fig. 7A). There was also an increase (P < 0.001) in Lymphocytes at the
stratum spongiosum in ‘Inseminated’ mares (8.6 + 1.3 cells/field) compared to
‘Cyclic” ones (6.4 + 1 cells/field) (Fig. 6 and Fig. 8A). No difference was observed
comparing inseminated mares sampled in subgroup ‘< 5.5 d’ and mares sampled in
subgroup > 5.5 d’ post ovulation neither at the stratum compactum (P = 0.810) (Fig.
7B) nor at the statum spongiosum (P= 0.730) (Fig 8B). There was neither influence

nor interaction between horn and treatment.
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Fig. 6. Photomicrographs of the endometrium from ‘Cyclic’ (a and b) and ‘Inseminated’ (c
and d) mares, from the stratum compactum (a and c¢) and the stratum spongiosum (b and
d); showing the amount of lymphocytes (black arrows) from both strata in ‘inseminated’
compared to ‘cyclic’ mares. SC = stratum compactum; SS = stratum spongiosum (HE —
400x, bar = 50um).
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Fig. 7. Boxplots for Lymphocytes at the stratum compactum from ‘Cyclic’ and
‘Inseminated’ mares (A), and in inseminated mares sampled < 5.5 d and > 5.5 d post

ovulation (B). Different letters (a, b) represent statistical difference (P < 0.05).
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Fig. 8. Boxplots for Lymphocytes at the stratum spongiosum from ‘Cyclic’ and
‘Inseminated’ mares (A), and in inseminated mares sampled < 5.5 d and > 5.5 d

post ovulation. Different letters (a, b) represent statistical difference (P < 0.05).

There was no difference between treatments in the number of eosinphils
(P=0.592), neutrophils (P=0.443), and monocytes (P=0.342).

Neither statistical difference was observed when comparing variables by ipsi

or contra lateral horn relative to ovulation, nor interaction between horn and
treatment.
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DISCUSSION

The present study evidences endometrial adaptations between days 5 and 6
post-ovulation in inseminated mares, comparing them with mares in the same day of
diestrus. Optic microscopy showed that glandular diameter increased, and there
were more lymphocytes in the stratum compactum and the stratum spongiosum in
the inseminated mares. In this group of mares, scanning electron microscopy

revealed a decrease in ciliated cell population.

The equine embryo reaches the uterus after day 5.5 (BATUT et al., 1997;
SAMPER, 2009; McCUE AND SQUIRES, 2015), therefore, in this study embryos
could not be collected from inseminated mares to confirm pregnancy. No difference
in glandular diameter, lymphocytes and ciliated cells were detected between
inseminated mares sampled prior and after day 5.5 post-ovulation. Probably the
changes here presented are events that happened prior to the hypothetical entry of

the embryo into the uterus.

Embryos which implantation occurs over an extended period are reliant upon
nutritive substances in the uterine lumen for their survival and growth (ASHWORTH
et al., 1995). With the significant increase in glandular diameter during the fifth day of
the inseminated mares, there is evidence that the uterus is preparing itself to
maintain the embryo previous to its entrance until the implantation. These results can
be compared with those presented by Martinez et al. (2016) that show glands with
larger diameter, lumen and epithelium associated with accumulation of intraglandular
secretions, in mares at 7 days of pregnancy compared with mares in the same day of
diestrus. A rise in glandular epithelial height on pregnant mares between two to five
days post-ovulation was reported by Keenan et al. (1987). However, those results
were not observed in the present study, but this difference might come from the wide
range of days that they used for sampling, since it can be a reflection of the natural
cellular proliferation pattern. On day 3 of diestrus, increased mitotic activity in the
secretory portions of the endometrial glands epithelial cells is observed, however, by
day 5 there is almost no mitotic activity (GESTENBERG et al., 1999). In spite of the
increase of the glandular diameter observed in this study, no increase in the amount

of glandular secretion was detected, as observed by Martinez et al. (2016) after the
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arrival of the embryo in the uterus. The low secretion may be explained because
embryonic estrogens have been proposed to be responsible for endometrial
glandular secretion (STOUT; ALLEN, 2001; MERKL et al., 2010). The extended
period of the equine embryo oviductal transport may be related to a need for the
secretory epithelium of the endometrial glands to proliferate before it is able to
secrete sufficient histotrophe (GESTENBERG et al., 1999). It can be hypothesized
that these adaptive changes are happening gradually, before the embryo reaches the
uterus, and that the increased glandular diameter is necessary to the future epithelial

growth and glandular secretion, which will entirely nourish the embryo.

Inseminated mares, in contrast to cyclic ones, showed a significant decrease
in ciliated cell population, with no differences regarding the number of micro-ciliated
polygonal cells. This decrease was already reported comparing mares in mid diestrus
with pregnant mares in the same stage post ovulation, but sampling day was not
clearly stated (KEENAN et al., 1991); so, the present results reveal this event in a
more accurate manner because sampling was restricted to a single day. The
observed results are complementary to those presented by Mattos et al. (2015), who
stated that starting on day 7, pregnant mares present a decrease in ciliated cells
mixed with some secretion in relation to mares in the same day of diestrus. These
differences between groups, associated with results of previous observations, reveal
the existence of epithelial adaptations to provide an adequate environment for the
embryo before it enters the uterus. During this period, contact with endometrial
secretions is vital to the conceptus, since it is entirely sustained by them (LEFRANC;
ALLEN, 2007). Probably, the loss of the cilia allows the conceptus to harvest

nutrients easily onto its surface for its development.

However, there are concerns that sperm induced uterine inflammation
(KOTILAINEN et al, 1994) may be responsible for the above-mentioned events. The
acute inflammatory response after breeding is a predictable, physiologic event.
Endometrial samples that suffered from inflammation presented loss of cilia
(SAMUEL et al., 1979). Uterine inflammation must be controlled by 96 h post-
ovulation to maximize survival of the embryo (CARD, 2005). A modulatory role on the
inflammation has been suggested for equine seminal plasma, shortening the
duration, but not the magnitude of polymorphonuclear cells influx into the uterine

lumen; there was no significant difference in the number of these cells at 6, 12 and
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24 h after insemination when seminal plasma was replaced with a commercial semen
extender (TROEDSSON et al., 2001). Semen extender presents a modulatory effect
similar to that of seminal plasma on the uterine response to breeding, showing that
the present results perhaps were not a result of this residual inflammation induced by

semen.

In this experiment, lymphocytes, in the stratum compactum and the stratum
spongiosum are the inflammatory cell population showing an increase on
inseminated mares. This fact is consistent with observations reported by Martinez et
al. (2016), who observed that mares in the 7" day of pregnancy had an increased
number of this cell line, decreasing gradually between days 10 and 13. Keenan et al.
(1987) also reported similar findings in pregnant mares between days 6 and 9, when
lymphocytes appeared as cellular infiltrates in the stratum compactum and as
periglandular aggregates in the stratum spongiosum. The latter authors suggested
that this cell population represents an immunologic response from the uterus to the
initial contact with the embryo. This hypothesis does not agree with the present

results, since lymphocytes appear before the embryo enters the uterus.

The reciprocal nature of the dialogue between the embryo and the mare’s
reproductive tract almost certainly begins immediately in the oviduct (BETTERIDGE,
2000). Early equine embryos have been shown to secrete PGE, immediately before
and during oviductal transport, failing to demonstrate detectable levels of estradiol
(WEBBER, 1991). PGE; is a well-known immunomediator that has multiple effects
on the immune system. It seems to selectively modulate cytokine secretion profiles of
human T cells (SNIJDEWINT et al.,, 1993). It affects tissues in a very specific
manner, for example during mucosal inflammation, mucosal T cells up-regulate their
expression of certain prostaglandin receptors, reducing its production of IL-2
(HARRIS et al., 2002). Lymphocytes appear to play a role in this communication in

response to events in the oviductal and uterine mucosa.

This lymphocyte increase detected in the inseminated mares seems to be
important, since in previous studies this cell line was not altered neither in estrus nor
in diestrus (WATSON AND DIXON, 1993; WATSON AND THOMPSON, 1996),
suggesting the increase may be directly linked to adaptive events related to the

embryo.
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A new group of lymphocytes called ‘innate lymphoid cells’ (ILCs) are a
functionally diverse but developmentally related family of lymphocytes with
phenotypes that resemble those of polarized T cell subsets. ILCs do not require
specific antigen or costimulation and are instead activated by an expanding list of
soluble mediators that include proinflammatory cytokines, alarmins, lipids and
hormones released by stromal, epithelial and myeloid populations. The limited
activation requirements of ILCs allow them to serve as first responders. Cytokines
derived from them can promote granulocyte migration. Group 1 ILCs are analogous
to Tyl cells as they express the transcription factor T-bet and produce interferon y
(INF-y); these cells include uterine ILC1s. This group has been linked to the
promotion of vascular changes in the uterus during pregnancy (BANDO; COLONNA,
2016). Lymphocytes in this study seem to be part of this new group as they showed a
rapid response to the events that might have taken place in the oviduct, and were

linked to other uterine events.

The influence of estrogens on immune response is well documented. Data
showed intracellular expression of estrogen receptors o and p in all lymphocyte
subsets including peripheral NK cells. It has been demonstrated that lymphocytes
express a functionally active estrogen receptor 46 isoform, supporting the idea that
estrogen level fluctuations may be associated with a prompt activation of
lymphocytes (PIERDOMINICHI et al., 2010). As it has been shown, the equine
embryo presents mRNA for estrogen 3 receptor between days 7 and 14 (RAMBAGS
et al., 2008), it is likely that, as they share this receptors with lymphocytes, there
might be a paracrine signal being received by this cells, either from the mare or the

conceptus.

Eosinphils are not altered between groups. These cells rose significantly in
pregnant mares on day 7, also decreasing in posterior days (MARTINEZ et al.,
2016). This difference in results between experiments suggests that eosinophils

represent an immune response to the presence of the embryo within the uterus.

Glandular diameter, epithelium height, and lumen measurements are similar to
those presented by other authors who studied cyclic mares (KEENAN et al., 1987;
RASCH et al.,, 1996; MANSOUR et al., 2004). In this experiment cyclic mares
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present the typical endometrial epithelium appearance of diestrus mares (SAMUEL
et al., 1979; KEENAN et al., 1991).

In summary, changes here observed probably represent a paracrine
response caused by the embryo to help uterine environment become more suitable
for its survival. Glandular diameter increasing without epithelial growth suggests that
glands are preparing themselves to produce substances that will provide the embryo
with nutrition. Since glandular proliferation begins in the basement membrane, as
cellular proliferation pattern reaches its maximum 4 days post ovulation
(GESTERBERG et al., 1999), diameter increases but epithelial growth cannot follow
this events. The decrease in ciliated cells, previous to the embryo entering the
uterus, might ease the contact between uterus and conceptus as well as with the
secretions that will help in its subsequent development. The elevation in lymphocyte
population responds to a stimulus previous to embryonic arrival to the uterus rather
than to its physical contact with the epithelium, and is not accompanied by
eosinophils, as it does on day 7 of pregnancy (MARTINEZ et al., 2016). These facts
lead to the hypothesis that there is some sort of signaling cascade to prepare and
adapt the uterus to maintain pregnancy. There is also evidence to support an
alternative hypothesis suggesting that all of the above mentioned are inflammatory
events, resulting from a previous inflammation due to residual seminal effects
(SAMUEL et al., 1979; FIALA et al., 2007), though this effect might be attenuated by
the use of a semen extender (TROEDSSON, et al., 2001). The results here
presented lead to the conclusion that significant endometrial changes occur on day 5

post-ovulation in inseminated mares.
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