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AMORIM, G.B.A.G. Resposta inflamatéria uterina apods infusao de
prostaglandina E1 (misoprostol) pré-inseminagcao ou imediatamente apos
coleta de embriao em éguas doadoras comerciais. Botucatu, 2022. 48p.
Dissertacdo (Mestrado) — Faculdade de Medicina Veterinaria e Zootecnia,
Campus de Botucatu, Universidade Estadual Paulista.

RESUMO

Este estudo teve como objetivo avaliar a resposta inflamatéria e potenciais
reacdes sistémicas apos a administragdo intrauterina de misoprostol, seja
antes da inseminacdo ou imediatamente apds a coleta de embrido. Eguas
doadoras de embrides de propriedade privada (n=11) tiveram seus ciclos
designados aleatoriamente para receber infusbes de misoprostol (200 ug +
3mL de solugdo de Ringer com lactato) ou controle (3 mL de solugédo de Ringer
com lactato), depositados bilateralmente na ponta dos cornos uterinos, pelo
menos 72h pré inseminagao (experimento 1) ou imediatamente apds coleta de
embrido (experimento 2). Cada égua teve um ciclo para misoprostol e controle
em ambos os experimentos e um ciclo de reprodugdo (sem controle ou
misoprostol) entre os experimentos. Edema uterino, acumulo de liquido e
numero de polimorfonucleares foram avaliados antes de cada infusdo e depois,
diariamente, por 72h. Lavagem uterina foi realizada no dia seguinte a cada
infusdo em todos os grupos e experimentos. A ovulag&o foi induzida com um
agonista de GnRH e confirmada em intervalos de 24h. As éguas foram
inseminadas com sémen de seis garanhdes. As coletas de embrido foram
realizadas entre 8 a 9 dias ap6s a ovulagdo. Em ambos os experimentos, o
misoprostol ndo afetou o edema uterino ou o acumulo de liquido (P>0,05). No
entanto, ambas as infusbes simuladas e de misoprostol aumentaram o numero
de PMN até 48h pos-infusdo em ambos os experimentos. As recuperacgdes de
embrides foram semelhantes entre os ciclos controle (45%, 5/11) e misoprostol
nos experimentos 1 (45%, 5/11; P>0,05) e 2 (controle, 68%, 7/11; misoprostol,
45%, 5 /11; P>0,05). Em conclusdo, o misoprostol n&do induziu inflamagao
uterina exacerbada em éguas ou reacbes adversas sistémicas quando

infundido antes da inseminacgao ou imediatamente apds a coleta de embrido.

Palavras-chave: Endometrite equina; infertilidade; prostaglandina E-1; tuba
uterina.
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AMORIM, G.B.A.G. Uterine inflammatory response after prostaglandin E1
(misoprostol) infusion pre-breeding or immediately after embryo flushing
in commercial donor mares. Botucatu, 2022. 48p. Dissertagdo (Mestrado) —
Faculdade de Medicina Veterinaria e Zootecnia, Campus de Botucatu,
Universidade Estadual Paulista.

ABSTRACT

This study aimed to assess the inflammatory response and potential systemic
reactions after uterine administration of misoprostol, either during pre-breeding
or immediately after post-embryo flushing. Privately owned embryo donor
mares (n=11) were randomly assigned in a crossover design to receive
misoprostol (200 ug + 3 mL of lactate Ringer's solution) or sham (3 mL of
lactate Ringer's solution) infusions, bilaterally deposited via deephorn, at least
72h pre-breeding (experiment 1) or immediately after embryo flushing
(experiment 2). Each mare had one cycle for misoprostol and sham in both
experiments and a breeding cycle (no sham or misoprostol) between
experiments. Uterine edema, fluid accumulation, and the number of uterine
PMN were assessed before each infusion and then daily for 72h. Uterine lavage
was performed the day after each infusion across groups and experiments.
Ovulation was hastened with a GnRH agonist and confirmed at 24h-intervals.
Mares were bred with semen from six stallions. Embryo flushing was performed
8- to 9-d post-ovulation. In either experiment, misoprostol did not affect uterine
edema or fluid accumulation (P>0.05). However, both the sham and misoprostol
infusions increased the number of PMN up to 48h postinfusion in both
experiments. Embryo recoveries were similar between sham (45%, 5/11) and
misoprostol cycles in experiments 1 (45%, 5/11; P>0.05) and 2 (sham, 68%,
7/11; misoprostol, 45%, 5/11; P>0.05). In conclusion, misoprostol did not induce
exacerbated uterine inflammation in mares or systemic adverse reactions when

infused pre-breeding or immediately after embryo flushing.

Keywords: Equine endometritis; infertility; prostaglandine E-1; uterine tube.
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CAPITULO 1



1. INTRODUGAO

A trompa de Falopio, também chamada de tuba uterina ou oviduto, € um 6rgéo
tubular composto por camadas fibromusculares que possui fungbes especificas nos
eventos reprodutivos, como transporte e capacitacdo de espermatozoides, transporte
oocitario, maturacgéo final dos gametas, fertilizagcdo e desenvolvimento embrionario inicial
(Avilés et al. 2015; Ball, 1993; Ellinger et al. 1974; Jansen, 1984, Ortis et al. 2013; Zent et
al. 1993).

De acordo com Tsutsumi et al. (1979), a jungdo ampola-istmo-tubaria pode ficar
parcial ou totalmente obstruida por uma massa gelatinosa levando a potencial
infertilidade. A obstrugdo da tuba uterina é considerada uma das diversas causas de
infertilidade em éguas.

Ao longo dos anos, algumas técnicas foram desenvolvidas com a intencado de
desbloquear as tubas uterinas, como: a aplicagao de prostaglandina E2 na superficie da
papila utero-tubaria por histeroscopia; lavagem das trompas de Falopio ou aplicagéo
laparoscopica de PGE2 (Allen et al. 2006; Ortis et al. 2013; Pye et al. 2018; Zent et al.
1993); hidrocanulagao da tuba uterina via histeroscopia (Scoggin, 2021 e Inoue, 2013) e,
mais recentemente, o uso do misoprostol infundido na ponta do corno com pipeta longa
flexivel (Alvarenga et al. 2018).

Ellinger et al. (1974) comentou a agdo das prostaglandinas na contratilidade da
musculatura lisa da tuba uterina, pois se comporta de forma variavel na presengca de um
embrido ou de um odcito ndo fertilizado (Weber et al. 1993; Freeman et al. 1992; Oguri et
al. 1972), visto que, o transporte embrionario s6 ocorre apos liberagdo de prostaglandina
E2 pelo embrido. Weber et al. (1993) relatou que a administracdo de PGE2 no lumen
tubario resulta em um transporte ndo seletivo de embrides, odcitos nao fertilizados e
massas tubarias.

O misoprostol, um analogo sintético da prostaglandina E1, tem sido utilizado ndo
apenas no tratamento de ulceras gastricas em humanos (Garris et al. 1989; Agrawal et al.
1985); mas também na pratica ginecoldgica e obstétrica, pois promove contragao uterina
e relaxamento cervical (Tang et al. 2007) e facilita a drenagem uterina (Brinsko et al.
2011). Outras aplicagdes clinicas incluem a indugdo do aborto e a contengcdo de
hemorragia pos-parto em humanos.

Nos ultimos anos, a administragdo de misoprostol ganhou popularidade na pratica

de reprodugao equina (Alvarenga et al. 2018) por melhorar os indices de recuperagao
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embrionaria de éguas que apresentam subfertilidade sem causa aparente. No entanto,
uma resposta inflamatéria uterina exacerbada pdés-infusdo do farmaco ainda n&o foi
criticamente analisada.

A endometrite, também conhecida como resposta inflamatéria uterina, é
normalmente fisiologica e visa limpar o utero contra bactérias, plasma seminal, excesso
de espermatozoides e detritos (Canisso et al. 2016; LeBlanc et al. 2009). Apés infuséo
intrauterina de sémen ou de algum farmaco, ocorre aumento da expressao de citocinas
pro-inflamatdrias e consequentemente ativacdo de neutrofilos polimorfonucleares como
barreira de defesa fisiolégica primaria (Canisso et al. 2016). Eguas classificadas
clinicamente como suscetiveis a endometrite, devido a dificuldade de limpeza uterina e
acumulo de liquido, podem apresentar uma resposta inflamatéria exacerbada apds a
infusdo. Por outro lado, éguas jovens e resistentes a endometrite, podem apresentar uma

resposta inflamatéria leve a moderada.

2. REVISAO DE LITERATURA
2.1. Anatomia e fisiologia da tuba uterina

A trompa de Falopio, também chamada de tuba uterina ou oviduto (Figuras 1 e 2),
€ um orgao tubular composto por camadas fibromusculares (mesosalpinge, miosalpinge,
endosalpinge e lumen) (Croxatto, 2002; Jansen, 1984) que possuem fungdes especificas
e fazem comunicagéo entre ovarios e utero (Avilés et al. 2015). As fimbrias sdo os pontos
de coleta e maturacdo de odcitos; e éguas apresentam poucas fimbrias ligadas
diretamente ao ovario (Bennett, 2006), o que as difere das outras espécies. Ja o istmo
tem a funcdo de armazenar os espermatozoides antes da ovulacdo e controlar
capacitacdo e hiperativagao para garantir eficiéncia da célula espermatica (Desantis et al.
2009; Hunter, 2005); e a ampola é onde ocorre a fertilizagdo, incubagdo e maturagao do
embrido inicial (Ball, 1993; Ortis et al. 2013). Zent et al. (1993) abordou a importancia
deste 6rgao nos eventos reprodutivos da maturagado final dos gametas, fertilizagdo e

desenvolvimento embrionario inicial.



Figura 1. Tuba uterina: istmo (por¢cdo mais fina a esquerda) faz conexdo direta com o
utero, ampola (por¢éo central), infundibulo (por¢do mais espessa a direita) faz conexao

com o ovario através das fimbrias.

Figura 2. Tuba uterina de potra mostrando conex&o entre ponta de corno uterino (a

direita) e ovario (a esquerda).

Bennett (2006) descreveu, ainda, que a tuba uterina da égua difere de outros
mamiferos (mulheres e vacas) pelo fato de possuir uma espécie de musculatura que
funciona como um esfincter, também chamada de papila muscular na jungéo utero-
tubaria (Inoue et al. 2017), dificultando sua distensdo em um quadro de salpingite,
processo inflamatério da tuba uterina de etiologia multifatorial (Medenbach et al. 1999), ou

dificultando procedimentos de cateterizagdo por causar pressao reversa. A auséncia da
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papila em mulheres e vacas, facilita o diagnostico e tratamento de afecgbes da tuba
uterina (Inoue et al. 2017).

Jansen (1984) descreveu que a fisiologia da tuba uterina é dependente de
horménios. Em humanos, a noradrenalina foi descrita como a catecolamina que exerce
mais influéncia sobre o sistema endocrino da tuba uterina. A ciliogénese € um processo
estrogeno dependente e antagonista a progesterona. Jansen (1984) relatou a importancia
das prostaglandinas na contratilidade e dilatagao da tuba uterina, mostrando os efeitos
das prostaglandinas F2alfa e E2 no estimulo a contratilidade muscular (Roth-Brandel et
al. 1970) e aceleracdo no transporte oocitario. Pauerstein et al. (1968) descreveram que o
estrogeno aumenta a frequéncia e amplitude da contratilidade da tuba uterina.

Hunter (2002) hipotetizou que junto com o odcito e células do cumulus oophorus,
leucécitos, principalmente polimorfonucleares, podem ser liberados no momento da
ovulagao e serem fontes de citocinas, funcionando como tecido paracrino dentro da tuba
uterina. O epitélio do oviduto foi descrito por Abe (1996) e consiste em dois tipos
celulares: o ciliado, que atua no transporte dos gametas e o nao-ciliado que tem funcgéo

secretora de proteinas e glicoproteinas.

2.2. Tuba uterina - obstrucao e outras afecgoes

A juncdo ampola-istmo-tubaria de éguas pode ficar parcial ou totalmente ocluida
com uma massa gelatinosa composta por fibroblastos e fibras de colageno tipo 1
(Alvarenga et al. 2018; Medenbach et al. 1999; Lantz et al. 1998) originada de células do
oviduto, do cumullus oophorus e do fluido folicular podendo levar ao comprometimento da
fertilidade (Tsutsumi et al. 1979), por dificultar o transporte espermatico ao local de
fertilizacdo e a descida do embrido para o utero com 5 dias ap6s a ovulagao (Alvarenga et
al. 2018). Betteridge et al. (1974) evidenciaram a retencédo de odcitos nao fertilizados no
oviduto por meses. Arnold et al. (2013) evidenciaram a presenga de “plugs” ou massas
intraluminais no oviduto de éguas como limitagdo na fungcédo do 6rgéo, contribuindo para
subfertilidade ou infertilidade.

De acordo com Bennett (2006), antes de suspeitar de uma possivel obstrucao de
tuba uterina, € importante que seja realizado um exame reprodutivo completo da égua
(exame ultrassonografico, cultura e citologia uterinas, biopsia endometrial, analises
hormonais e histeroscopia) para que outras causas de infertilidade sejam descartadas.

Achatamento ou tecido cicatricial na papila utero-tubaria, alteragdes na juncéo

utero tubaria (cistos, aderéncia e fibrose), salpingite e disturbios nas intera¢des fimbria-
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ovario (tumores, aderéncias e hematomas) sao consideradas alteragbes que podem
afetar a fertilidade da égua (Bennett, 2006). Cistos ou aderéncias na regido fimbria-ovario
podem inviabilizar a captagao de odcitos pelas fimbrias para o oviduto, comprometendo a

fertilizacao.

2.3. Técnicas de desobstrugao da tuba uterina

Allen et al. (1979) e Parker et al. (1998) descreveram técnicas que avaliaram a
permeabilidade tubaria. O teste de granulos de amido foi primeiramente descrito por Allen
et al. (1979) e consistia de uma abordagem cirurgica por laparoscopia onde eles
depositavam granulos de amido na superficie do ovario e entdo, procuravam recuperar do
utero, 24h apds tratamento. Ja o trabalho de Parker et al. (1998) consistiu em uma
deposigdo de microesferas fluorescentes no ovario, utilizando probe e agulha de
aspiracao folicular por via vaginal, e apés 24h e 48h, realizavam lavados uterinos para
recuperacao das esferas. Ambas técnicas apresentavam limitagdo em ter somente efeito
diagnodstico da obstrucdo de tuba uterina. Além de serem onerosos, consistiam de
procedimentos invasivos, por trazerem riscos de peritonite e morte do animal.

A laparotomia de flanco e a laparoscopia foram descritas por Fialho et al. (2001)
como sendo técnicas que auxiliam na melhora dos indices reprodutivos de varias
espécies por permitir transferéncia cirurgica de embrido, transferéncia intratubaria de
gametas e inseminagao no oviduto.

A técnica de laparoscopia apresenta vantagens na redugao da dor pos-operatéria,
melhora na cicatrizacdo da ferida e recuperagdo do animal, reduzindo o risco de
infeccdes (Shettko et al. 2021). Mas possui limitagdo devido a anatomia do trato
reprodutivo, por dificuldade de acesso e manipulacdo do oviduto (Inoue et al. 2017). E
importante considerar a laparoscopia uma técnica invasiva por apresentar complicagoes
como peritonite séptica, aderéncias, hemorragias, pung¢ao intestinal, esplénica ou
vascular e complicagdes incisionais, trazendo riscos a vida do animal. Um preparo pré
cirargico bem feito, incluindo jejum de 24h, é essencial para um procedimento mais eficaz
e seguro, segundo Fialho et al. (2001). Checura et al. (2020) descreveram que a técnica
de infusdo de PGE na tuba uterina por via laparoscopica € cara e nao apresenta
vantagens na recuperacgao precoce de embrides para criopreservagao. Ja Kollmann et al.
(2011) descreveram a técnica de lavagem da tuba uterina por laparoscopia, como uma
técnica de pratico diagndstico e terapia de disturbios do oviduto, além de facilitar a coleta

de embrides pequenos direto da tuba e a transferéncia intrafalopiana de gametas (GIFT).
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Thurmond et al. (2000) descreveram a técnica de cateterizagdo para
salpingografia e recanalizagdo da tuba uterina em mulheres que apresentavam possivel
obstrucdo de tuba uterina e obtiveram resultado satisfatério com reestabelecimento
reprodutivo em muitas pacientes (Lang et al. 2000; Novy et al. 1988; Thurmond et al.
1990). Relataram, ainda, a possibilidade de perfuragdo da tuba uterina, resposta
vasovagal e infecgdes pélvicas como complicagbes do procedimento. Mulheres podem
apresentar gestacao tubaria apds recanalizagao das trompas; situagdo que nao ocorre
em éguas devido as divergéncias na anatomia e fisiologia do 6rgdo e do transporte
embrionario entre as espécies (Bennett, 2006). Allahbadia et al. (2010) descreveram
técnicas utilizadas na recanalizagdo da tuba uterina de mulheres, realizadas com
cateteres, fios-guia flexiveis atraumaticos ou sistema de baldo por via endoscépica
(Falloposcopia/Histeroscopia/Laparoscopia), sonografica, fluoroscopica ou orientagao tatil
(Kerin et al. 1992). Al-Omari et al. (2018) descreveram resultados obtidos na taxa de
concepcgao apods recanalizagado da tuba uterina de mulheres com obstrugcdo proximal da
tuba e concluiram que a idade da paciente influenciou nas taxas de concepc¢ao devido a
problemas de fertilidade secundarios.

Hidrocanulagdo ou “Hydrotubation” por via histeroscépica, € outra técnica que
vem sendo utilizada em éguas que apresentam historico de infertilidade e provavel
bloqueio da tuba uterina (Inoue et al. 2017; Scoggin, 2021). E uma técnica n&o invasiva,
que consiste na inser¢cao de um cateter na jungédo utero-tubaria guiado por endoscopio
com posterior infusdo de poucos mililitros de solug&o salina ou Ringer com Lactato. Inoue
et al. (2017) obtiveram bons resultados no reestabelecimento da fertilidade de muitas
éguas tratadas. Bennett (2006) descreveu a dificuldade em realizar cateterizagdo da tuba
uterina por histeroscopia ou laparoscopia pela pressdo causada no lumen do érgéo,
causando ejegao do cateter. Ja Scoggin (2021) mencionou a necessidade de infusdo
lenta, rotagao suave e ligeira retirada e introdugcéo do cateter para facilitar a passagem do
fluido pelo lumen da tuba uterina sem que haja ejecao do cateter.

Outra técnica que vem sendo utilizada recentemente, € a aplicagdo de
misoprostol na ponta do corno uterino, proximo a papila utero-tubaria, utilizando uma
pipeta longa flexivel de inseminag&o. Técnica segura, ndo invasiva e barata (Alvarenga et
al. 2018) que permitiu o reestabelecimento reprodutivo de muitas éguas que

apresentavam infertilidade de causa desconhecida.



2.4. Misoprostol

2.4.1. Farmacologia

Sendo um analogo sintético de prostaglandina E1, o misoprostol, apresenta
algumas diferengas estruturais da prostaglandina E permitindo aumento na poténcia anti-
secretora, duracdo da agao da droga e melhora na seguranga do medicamento. Vias de
administragao incluem oral, sublingual, vaginal e retal.

Tang et al. 2007 mostraram que as concentragdes séricas de misoprostol tiveram
um efeito mais prolongado quando administrado na vagina em mulheres (nivel maximo
alcangado em 80 minutos apds a aplicacao e redugéo gradual lenta com droga detectavel
permanecendo no corpo apdés 6 horas), enquanto que por via oral, mostrou uma
concentracdo sérica maxima em 30 minutos e declinio rapido apds 120 minutos. Nao
foram observados efeitos colaterais a niveis hematolégico, endocrino, imunoldgico,
respiratorio, oftalmolégico ou cardiovascular, de acordo com a dose recomendada
mostrando ser uma droga segura. Aronsson et al. (2004) relataram uma agao mais rapida
do misoprostol na contratilidade uterina quando administrado por via sublingual e vaginal
em mulheres, quando comparado a administracio oral.

Foi documentado por Chiossi et al. (2012) que em um estudo de meta-analise,
mulheres que receberam PGE1 (misoprostol) apresentaram maior probabilidade de parto
vaginal com menor necessidade de ocitocina do que outras que receberam PGE2.

O comprimido de misoprostol apresenta ingredientes inativos em sua
Ccomposicao:

- O dleo de ricino € uma fonte importante de gorduras especiais e seu principal
acido graxo € o acido ricinoleico (acido 12-hidroxi octadecendico). Apesar de poucas
informacdes sobre sua esterificagcdo, a sua estrutura pode promover diversas reagoes
como interesterificacdo, pirélise, desidratacéo, etoxilagao, acilacéo, etoxilagao e sulfacao.
Apresenta vantagem pois mesmo em baixa temperatura, nao cristaliza devido ao seu alto
peso molecular e grupo éster (Achaya, 1971; Penoyer, 1954).

- A hipromelose é comumente utilizada para formar matrizes soluveis
intumescentes e proporcionar a liberagao do farmaco de forma controlada. A hipromelose
ou o hidroxipropilmetilcelulose (HPMC) € éter de celulose hidrofilico ndo iénico soluvel em
agua que gelifica. Também é resistente as agdes enzimaticas e se mantem estavel as

variagdes de pH entre 3,0 a 11,0 (Dow Commercial Information, 2002; Li et al. 2005).
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- A substancia natural celulose microcristalina (MCC) € obtida a partir de celulose
purificada e parcialmente despolimerizada. Na forma coloidal, o MCC é utilizado como
estabilizador de suspenséao, regulador de viscosidade, emulsificante e retentor de agua.
Além de ser resistente, rigido, de natureza fibrosa, atdxica, cristalina, biodegradavel e
insoluvel em agua (Merci et al. 2015; Vijayalakshmi et al. 2016).

- O amidoglicolato de sédio é um desintegrante eficiente que ndo é prejudicado
na presenca de lubrificantes, além de possuir alta capacidade de intumescimento e boas

caracteristicas de compressao e fluxo (Gohel et al. 2007; Miller, 2003).

2.4.2. Aplicabilidade geral

O misoprostol tem sido utilizado no tratamento de ulceras gastricas e duodenais
em humanos, caes e equinos (Bauer, 1985; Garris et al. 1989) por suas propriedades
protetoras de mucosa e anti-secretora de acido gastrico (Aronsson et al. 2004; Tang et al.
2007; Hinsdale et al. 1974) e também na pratica ginecoldgica e obstétrica, pois promove a
contragao uterina e aumento de tonus, relaxamento cervical e indugao do parto (Tang et
al. 2007; Aronsson et al. 2004; Kelly et al. 2013; Hofmeyr et al. 2010). As aplicagbes
clinicas também incluem indugéao de aborto no primeiro trimestre de gestacao (Fjerstad et
al. 2009), contengdo de hemorragia no pés-parto em humanos e facilita a drenagem
uterina em equinos (Brinsko et al. 2011). Nie et al. (2003) relatou a utilizagdo de
prostaglandina E1 no relaxamento cervical de éguas virgens apds inseminagao. Chiossi
et al. (2012) relataram que a dilatagéo cervical induzida por PGE1 e PGE2 esta associada
com o aumento de mediadores inflamatoérios e remodelacdo da matriz extracelular através
da diminuigédo das ligagbes de colageno e glicosaminoglicanos. McNaughten et al. (2014)
relataram que o relaxamento cervical depende de um sinergismo entre os mediadores
inflamatdrios interleucina-8 (IL-8), prostaglandina E (PGE), sintaxe de oxido nitrico e

metaloproteinases de matrix extracelular.

2.4.3. Efeitos na reproducgao equina

A administracdo oral de misoprostol (0.005mg/kg), em éguas, na dose
recomendada para tratamento de ulcera gastrica ndo acelerou o transporte embrionario
do oviduto para o utero e ndo alterou as concentragdes de progesterona por nao afetar o

corpo luteo de acordo com Checura et al. (2020).
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McNaughten et al. (2014) descreveram a importancia do relaxamento cervical no
sucesso da reprodugao equina por permitir melhor deposicdo do sémen dentro do utero e
facilitar a limpeza uterina contra contaminantes no periodo reprodutivo, evitando o
desenvolvimento de endometrite pds cobertura com inflamagdo, acumulo de fluido e
efeitos adversos sobre a fertilidade; no entanto, o mesmo trabalho ndo evidenciou
relaxamento cervical apos administragéo topica de PGE1.

Recentemente, comecou-se a utilizar o misoprostol como uma técnica barata e
nao invasiva na tentativa de desobstrugdo de tuba uterina de éguas com histérico de
subfertilidade ou infertilidade de causa ndo diagnosticada (Alvarenga et al. 2018). Porém,
alguns relatos sugeriram que o misoprostol causa uma resposta inflamatoria uterina
exacerbada apos a infusdo (endometrite); mas isso nao foi estudado criticamente para
determinar se essas éguas tém endometrite ndo diagnosticada ou se de fato o

misoprostol resulta em uma resposta inflamatoria uterina exacerbada.
2.5. Endometrite

A endometrite, também conhecida como resposta inflamatéria uterina, é
normalmente fisiolégica e visa limpar o utero contra bactérias, plasma seminal, excesso
de espermatozoides e debris (Canisso et al. 2016, LeBlanc et al. 2009). Apds qualquer
infus&o intrauterina (sémen, farmaco ou outra substéncia), havera aumento da expresséo
de citocinas pré-inflamatérias e consequentemente ativacdo de neutrdfilos
polimorfonucleares como barreira de defesa fisioldgica primaria. Eguas classificadas
clinicamente como suscetiveis a endometrite, devido a dificuldade de limpeza uterina e
acumulo de liquido, podem apresentar uma resposta inflamatéria exacerbada apos a
infusdo. Por outro lado, éguas jovens e resistentes a endometrite, podem apresentar uma
resposta inflamatéria leve a moderada.

As varias fungdes da resposta imune inata s&o: barreira fisica contra antigenos,
remocdo de ceélulas mortas ou degeneradas, ativagcdo de citocinas e cascata de
complemento, detecgéo e apresentagdo do antigeno para que o sistema imune adquirido
seja ativado (Segabinazzi et al., 2020).

O sistema imune inato é transitorio, ndo especifico, limitado e responde de forma
rapida. Apds reconhecimento e sinalizagdo dos espermatozoides pelas células epiteliais
do endométrio a resposta imune inata é ativada e responde com quimiotaxia e ativacao
dos neutréfilos com 30 minutos apds a deposicdo de sémen no lumen uterino (Canisso et
al. 2016; Marth et al. 2018; Nash et al. 2015). A digestao leucocitica tem por objetivo
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eliminar, por fagocitose, debris, bactérias e células espermaticas n&o viaveis,
independente da patogenicidade dos antigenos (Janeway et al. 2002; Medzhitov et al.
1998).

Apds a inseminacgao artificial, o pico da inflamagcado endometrial acontece entre
12h e 24h com infiltragdo neutrofilica (Card, 2005). Todavia, quando essa primeira linha
de defesa esta prejudicada, a resposta inflamatéria se prolonga por até 96 horas e o
tempo da resolugao da inflamacgao do utero aumenta (Segabinazzi et al. 2020; Zent et al.
1998). A migracédo de polimorfonucleares (PMNs) também pode estar prejudicada nas
éguas susceptiveis que apresentam processos fibroticos degenerativos no endométrio
(Woodward et al. 2013).

O aumento da producado de citocinas pro-inflamatérias somados a neutrofilia
persistente e ao acumulo de fluido criam um microambiente uterino hostil com fatores
embriotdxicos capazes de reduzir a sobrevivéncia embrionaria e reduzir a fertilidade
(Diaz-Bertrana et al., 2021; Knutti et al., 2010; Robertson et al., 2018; Segabinazzi et al.,
2020).

A ativacao do sistema complemento tem por objetivo proteger o trato reprodutivo
da égua contra particulas invasoras (Troedsson, 1999), além de contribuir com
quimiotaxia de ceélulas inflamatdrias, clearance fagocitico e opsonizagdo de células
degeneradas e microbios (Hakansson et al.,, 1993; Kumar, 2019). A formagado do
complexo de ataque a membrana (MAC) induz a formagcdo de poros na membrana
plasmatica e lise da célula-alvo (Rus et al., 2005).

Receptores das células endometriais reconhecem antigenos que sao
apresentados por macréfagos, células Natural Killer e dendridicas e podem desencadear
uma resposta inflamatéria (Janeway et al., 2002; Souza-Fonseca-Guimaraes et al., 2012;
Takeda et al., 2004; Turner et al., 2012).

O inicio da cascata inflamatdria ocorre através da ativacdo da codificacdo de
genes para citocinas pro-inflamatérias, incluindo ciclooxygenase-2 (COX-2) e as
quimiocinas que modulam a reacgao inflamatéria aguda (Chandrasekhalan et al., 2004;
Girling et al., 2007; Takeda et al., 2004).

Apos a inseminagao artificial as citocinas modulam a resposta inflamatoria
endometrial, no entanto as éguas susceptiveis apresentam maior expressdo de IL-6
(citocina pré-inflamatéria), IL1RA, IFNgamma (interferon gama), TNFa, e menor
expressdo de mRNA da citocina anti-inflamatéria I1L-10. Resultando em queda da
fertilidade devido a uma inflamacgao intensa e prolongada além da diminuigdo de resposta
aos patogenos e as células inviaveis (Canisso et al., 2016; Fumuso et al., 2003).
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Atreya et al. (2000) e Jones (2005) sugerem que a IL-6 pro-inflamatdria pode
modular outras citocinas inflamatérias e induzir o aumento da inflamagdo. Também
participa na transicao da inflamacao persistente para a cronica e da imunidade inata para
a adquirida. A IL-1 é mediada pela IL1RN e esta presente em processos reprodutivos
normais, porém quando superativada pode estar envolvida nas patologias com dano
tecidual (Diao et al., 2005; Gerard et al., 2004; Martoriato et al., 2003; Van Der Hoek et
al., 1998; Xing et al., 1998).

Normalmente, éguas que apresentam maior susceptibilidade a endometrite
expressam mais citocinas pro-inflamatorias (IL13, CXCL8 e TNFa) que éguas resistentes.
As células endoteliais vasculares sao ativadas pelo estimulo inflamatério através da
sintese de prostaglandinas, IL-1, IL-6 e TNFa, promovendo a quimiotaxia e adesao dos
neutrofilos nas paredes dos vasos, a partir da sintese de integrinas, resultando em
aumento da permeabilidade vascular com extravasamento do exsudato para o intersticio
e edema endometrial (Contran et al., 1999; Doré et al., 1996; Fumoso et al., 2006;
Fumoso et al., 2007; Palm et al., 2008, Tizard, 2009).

Nas éguas susceptiveis a endometrite persistente pés cobertura (EPPC), a
neutrofilia acontece em 2 a 12 horas apdés (Woodward et al., 2013). E uma armadilha
extracelular de neutrofilos (NETs) é formada com o intuito de promover o clearance
uterino, eliminagdo de microorganismos e liberagdo de mediadores inflamatérios (Canisso
et al., 2016; Rebordéao et al., 2014). Os NETs apresentam propriedades antimicrobianas e
imunomoduladoras e sdo induzidos por complexos antigenos-anticorpos, outros agentes
inflamatorios, espécies reativas de oxigénio, CXCL8 e lipolise (Brinkmann et al., 2004;
Fuchs et al., 2007; Garcia-Romo et al., 2011; Logters et al., 2009). A super estimulacéo
na formagdo ou um decréscimo na degradagdo dos NETs podem prejudicar a fungéo
secretora do endométrio e aumentar as chances de fibrose (Canisso et al., 2016).

Nas éguas resistentes as citocinas pro-inflamatorias ativam e elevam a resposta
inflamatéria em 2 a 6 horas apds a inseminagao, enquanto que as citocinas anti-
inflamatérias modulam as citocinas pré-inflamatérias para que haja resolugédo da
inflamagdo sem que ocorra danos no tecido (Cyktor et al., 2011; Hackett et al., 2008;
Parhan, 2005; Woodward et al., 2013).

A falha no equilibrio dos efeitos das citocinas proé-inflamatérias e das anti-
inflamatorias nas éguas susceptiveis prejudica a frequéncia, a duragao e a intensidade
das contra¢gdes miometriais (Troedsson et al., 1993). A redug&o da eficiéncia em eliminar
espermatozoides e fluidos ocorre pela inabilidade em contrair o utero de maneira eficaz e

pode ser agravada pelo aumento do oOxido nitrico, um potente relaxante muscular
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(Canisso et al., 2016; Ferris, 2017). Com a redugdo do clearance de produtos
inflamatorios ha aumento e persisténcia dos PMNs no endométrio, resultando em uma

inflamacéo intensa e prolongada (LeeBlanc et al., 1994; Troedsson et al., 1993).

2.5.1. Endometrite bacteriana aguda

O numero de microorganismos aumenta no sistema reprodutivo caudal que
compreende a vulva, o clitéris e a vagina, e diminui no sistema reprodutivo cranial que
compreende ceérvix e utero (Katila, 2016). Dessa forma, qualquer falha nos mecanismos
de defesa fisica pode predispor o utero a infecgdo (Troedsson et al. 2016), seja por
reducao da resposta imune inata, inabilidade de contragdo uterina, posi¢ao do utero no
abdébmen (Utero penduloso), anormalidades ou fibrose da cérvix, ma conformagéo ou
defeitos anatémicos vestibulo-vaginal e de perineo (Hemberg et al. 2005, Ferris, 2017).
Em casos de endometrite bacterina aguda, podem ser observados: descarga vaginal ou
de cérvix e acumulo de fluido intrauterino durante avaliagao ultrassonografica transretal.

A defesa imune celular e humoral deficiente e o desequilibrio entre citocinas pro-
inflamatorias e anti-inflamatérias provenientes do sistema imune inato, também estéo
associados ao desenvolvimento de endometrite persistente (Woodward et al. 2013,
Troedsson, 1999, Asbury et al. 1982).

2.5.2. Endometrite bacteriana cronica

Compreende uma endometrite infecciosa na qual os tratamentos nao foram
eficientes para eliminar a bactéria, devido a reinfecgdes e resisténcia desenvolvida pelos
patogenos aos antimicrobianos (Ferris, 2017). As bactérias mais comuns envolvidas nas
infecgdes uterinas sdo: Streptococcus equi subespécie zooepidemicus, Escherichia coli,
Pseudomonas  aeruginosa, Klebsiella  pneumoniae, Staphilococcus aureus,
Corynebacterium spp., Bacillus spp., Actinomyces e Lactobacillus spp (Frontoso et al.
2008, Davis et al. 2013).

2.5.3. Métodos Diagnésticos: Citologia e Cultura Uterinas
Comumente, a citologia uterina é realizada para diagnosticar a inflamagéao

endometrial pela presengca de neutréfilos polimorfonucleares (PMNs). E a técnica de

cultura permite a identificagcdo e caracterizagdo do micro-organismo envolvido (Ferris,
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2016). E a associagdo dessas técnicas apresentam vantagem em diagnosticar
endometrite (Ferris et al. 2015).

Lavagem uterina de baixo volume, cytobrush e swabs uterinos sédo técnicas
utilizadas no diagndstico de endometrite e normalmente ddo um numero elevado de
células preservadas (Canisso et al. 2016). Todavia, o lavado com baixo volume se torna
uma amostra mais representativa por apresentar maior contato com a superficie
endometrial (LeBlanc et al. 2007).

A histopatologia endometrial a partir de uma bidpsia uterina permite avaliar a
leitura da citologia endometrial e cultura microbioldgica, principalmente quando o
diagnostico através das outras técnicas foi inconclusivo (Nielsen, 2005, Nielsen et al.
2010, Nielsen et al. 2012, LeBlanc et al. 2009).

O resultado de uma citologia negativa com uma cultura positiva pode ser
observado em algumas infecgdes bacterianas, principalmente crénicas, onde a presenga
do patdgeno ndo esta associada a resposta inflamatéria. A citologia positiva associada a
cultura positiva revela infecgao uterina (Riddle et al. 2007). As éguas que apresentam
citologia positiva junto a cultura negativa sugerem endometrite induzida n&o infecciosa,
podendo ser causadas por urovagina, pneumovagina e endometrite pos cobertura (Ball et
al. 1988, Rodier et al. 2012).

A presenga de biofilme produzido por alguns micro-organismos também pode
caracterizar cultura negativa com citologia positiva (Ball et al. 1988) e estao associados a
endometrite crénica, apos repetidas terapias antimicrobianas sem sucesso (Causey,
2006, LeBlanc, 2010).

2.5.4. Tratamentos

A N-Acetilcisteina € uma substancia mucolitica muito utilizada para reducéo da
viscosidade do muco no utero (Zuin et al. 2005), sugerindo ainda reduc¢ao das bactérias
que formam o biofilme e diminuicdo da propria biomassa do biofilme (Ferris et al. 2016),
melhorando a taxa de prenhez (Canisso et al. 2016) e provando ser um tratamento
seguro (Gores-Lindholm et al. 2013).

O tris-EDTA pode potencializar os efeitos dos antimicrobianos, reduzindo a
resisténcia bacteriana através da sua fungcdo de quelar magnésio e calcio da parede
celular das bactérias (Lyle et al. 2011). Ja o peroxido de hidrogénio (H202) também tem
sido utilizado com eficiéncia bactericida e contra biofiimes (Ferris et al. 2016).
Dimetilsulfoxido (DMSOQ) é utilizado na tentativa de reduzir a inflamacgao uterina por limpar
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radicais livres, porém, concentragcbes altas podem causar irritacdo do endométrio
(Canisso et al. 2016).

As drogas imunomoduladoras sao utilizadas principalmente para reduzir a reagao
inflamatoéria em éguas susceptiveis a endometrite persistente pds-cobertura e maximizar
as taxas de parto (Canisso et al. 2016). Deste modo, a administragao de corticosteroides
prednisona e, principalmente, de dexametasona tem mostrado eficiéncia na melhoria das
taxas de prenhes (DellAqua et al. 2006). LeBlanc (1997), Reilas et al. (2006), Armstrong
(1981) e Cuervo-Arango (2011) observaram aumento da reagao inflamatéria e redugéo na
limpeza uterina em doses recomendadas; e aumento dos indices de foliculos
anovulatérios hemorragicos quando na utilizacdo de altas doses de anti-inflamatérios nao
estereoidais (AINEs) ndo-seletivos COX-2. Ja a utilizagdo de AINEs seletivos COX-2
(firocoxib e vedaprofeno) resultaram em aumento nas taxas de prenhez, com redugao da
resposta inflamatdria uterina apds inseminacdo, sem que houvesse alteragcdes no
processo ovulatorio (Rojer et al. 2010, Friso et al. 2019).

As células tronco mesenquimais sdo uma alternativa para o tratamento de fibrose
endometrial (Alvarenga et al. 2016) por terem a capacidade de se diferenciar em varios
tipos de células incluindo as endometriais (Du et al. 2007), além de sinalizar, a partir de
outras células, propriedades imunomoduladoras, quimiotaticas e anti-apoptoticas
(Mambelli et al. 2014). Em modelos experimentais, foram capazes de reduz a sintese de
citocinas pro-inflamatdrias (TNFa, IL1B8 e IL17) e aumentar as citocinas anti-inflamatorias
(IL2, IL4, IL10 e fator de crescimento fibrobastico basico) (Bai et al. 2009, Mao et al. 2009,
Zhao et al. 2015).

O lavado uterino com solugdo de ringer com lactato € comumente utilizado pré
inseminacao e a partir de 6 horas apés inseminagéao, com o objetivo de remover acumulo
de fluido, micro-organismos, ceélulas espermaticas e, principalmente, produtos
inflamatorios no momento critico da inflamacgao uterina (Troedsson et al. 2016, Woodward
et al. 2013).

O uso de drogas ecbolicas €& frequentemente associado ao tratamento com
lavado uterino, para auxiliar na recuperacéo do fluido (Troedsson et al. 1995, Mattos et al.
1999). Os agentes ecbolicos s&o drogas que estimulam a contragdo uterina,
principalmente em éguas susceptiveis com contratilidade miometrial comprometida,
promovendo eliminagdo do fluido uterino (Canisso et al. 2016, LeBlanc et al. 1997,
Troedsson et al. 2005). A ocitocina na dose de 10-20Ul esta associada as contragbes
fortes por um periodo de até 45 minutos (Madill et al. 2002). A carbetocina € um analogo

da ocitocina com agao mais longa (Schramme et al. 2008). Ja o cloprostenol (analogo de
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prostaglandina F2alpha) induz contragdes uterinas mais brandas e prolongadas, por um
periodo acima de 2 horas (Troedsson et al. 1995), porém, pode estar associado a
formacao de foliculos hemorragicos em éguas que apresentam predisposi¢do e nao €
recomendado no periodo pos ovulagao, por interferir negativamente sobre a formagao do
corpo luteo (Troedsson et al. 2001, Cuervo-Arango et al. 2010).

Plasma é administrado de forma intrauterina como alternativa de tratamento aos
antibidticos, pois esta associado a eliminacédo de patégenos no utero (Neves et al. 2007,
Zerbe et al. 2003). O plasma rico em plaquetas (PRP) é capaz de modular a resposta
inflamatoria uterina apds inseminagao, reduzindo a sintese de oxido nitrico e de citocinas
proinflamatorias, resultando na melhora da taxa de prenhez (Segabinazzi et al. 2017,
Reghini et al. 2016, Metcalf et al. 2012, Metcalf, 2014).

3. CONCLUSAO

A obstrucdo da tuba uterina pode dificultar o transporte espermatico ao local de
fertiizacdo e a descida do embrido para o utero levando a falhas na fertilizagao,
recuperagéo embrionaria e/ou concepgao. A aplicagdo de misoprostol, prostaglandina E1,
proximo a papila utero-tubaria € uma técnica recente que tem permitido o
reestabelecimento reprodutivo de muitas éguas que apresentam infertilidade, no entanto,
apo6s infusdo de misoprostol, assim como ocorre apdés inseminagdo ou apos infusio
intrauterina de outros farmacos, ocorre uma resposta inflamatéria uterina chamada de
endometrite, que por sua vez, € normalmente fisiolégica e visa limpar o uUtero contra
bactérias, plasma seminal, excesso de espermatozoides e outros debris. No entanto,
existe uma diferenca entre éguas resistentes e susceptiveis a endometrite, que
apresentam graus diferentes de reac&o inflamatéria podendo variar de leve a exacerbada.

Relatos na pratica clinica sugerem que o misoprostol causa uma resposta
inflamatdria uterina exacerbada apods a infusdo; mas isso nao foi estudado criticamente
para determinar se essas éguas tém endometrite ndo diagnosticada ou se de fato o
misoprostol resulta em uma resposta inflamatéria uterina exacerbada. Portanto, este
estudo teve como objetivo avaliar a resposta inflamatéria e potenciais reag¢des sistémicas
apos a administragdo uterina de misoprostol, seja pré inseminagao, durante o estro, ou

imediatamente apds a colheita de embrido.
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HIPOTESE

O misoprostol promove uma reacao inflamatdria uterina diferente de acordo com a
fase do ciclo estral (estro e diestro).

OBJETIVOS

1) Determinar a resposta inflamatéria com base na citologia endometrial, acumulo de
fluido intrauterino e edema uterino nos momentos 24h, 48h e 72h da infusdo de
misoprostol e de Ringer com Lactato.

2) Determinar a diferenca na resposta inflamatéria entre estro e diestro baseando-se
na citologia, acumulo de fluido intrauterino e edema uterino.



CAPITULO 2
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Highlights

=  Misoprostol infusion resulted in similar inflammatory response to sham infusion

= Pre-breeding or immediately post-embryo flushing infusion of misoprostol and sham
infusion

= transiently increase uterine neutrophils

= Uterine edema and fluid were similar between sham and misoprostol infusions.

= Embryo recovery were similar across groups
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Abstract

This study aimed to assess the inflammatory response and potential systemic
reactions after uterine administration of misoprostol, either during pre-breeding or
immediately after post-embryo flushing. Privately owned embryo donor mares (n=11) were
randomly assigned in a crossover design to receive misoprostol (3 mL +200 pg) or sham
(3 mL of lactate Ringer's solution) infusions, bilaterally deposited via deephorn, at least
72h pre-breeding (experiment 1) or immediately after embryo flushing (experiment 2).
Each mare had one cycle for misoprostol and sham in both experiments and a breeding
cycle (no sham or misoprostol) between experiments. Uterine edema, fluid accumulation,
and the number of uterine PMN were assessed before each infusion and then daily for
72h. Uterine lavage was performed the day after each infusion across groups and
experiments. Ovulation was hastened with a GnRH agonist and confirmed at 24h-
intervals. Mares were bred with semen from six stallions. Embryo flushing was performed
8- to 9-d post-ovulation. In either experiment, misoprostol did not affect uterine edema or
fluid accumulation (P>0.05). However, both the sham and misoprostol infusions increased
the number of PMN up to 48h postinfusion in both experiments. Embryo recoveries were
similar between sham (45%, 5/11) and misoprostol cycles in experiments 1 (45%, 5/11;
P>0.05) and 2 (sham, 68%, 7/11; misoprostol, 45%, 5/11; P>0.05). In conclusion,
misoprostol did not induce exacerbated uterine inflammation in mares or systemic adverse

reactions when infused pre-breeding or immediately after embryo flushing.

Keywords: Equine endometritis; infertility; prostaglandine E-1; uterine tube.
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1. INTRODUCTION

Mare subfertility, also called “the problem mare,” represents the main clinical issue
seen in referral equine theriogenology practices and breeding farms. Mares can be truly
subfertile or might have been subjected to improper breeding management (e.g., poor
timing) or were bred with subfertile/infertile stallions. While working with problem mares is
paramount to determine the cause(s) of true/apparent subfertility to ensure that the mare
can be adequately managed. Mare subfertility can be multifactorial, and it could be due to
problems in the external or internal genitalia, gonads, systemic problems, or genetic
abnormalities (1. Of the realm of possible causes of subfertility in mares, it is believed that
persistent breeding induced endometritis and poor vulvar conformation are the leading
causes in mares 2. Arguably, problems of the uterine tube have been suggested to be
the third most common cause of subfertility in mares; however, the true incidence is
lacking.

A gelatinous mass, presumably formed by uterine tube epithelial cells and
degenerated oocytes, may be present in the ampulla-isthmus of mares Bl In some mares,
this gelatinous mass is thought to obstruct the uterine tubes for unknown reasons, thus
hampering their fertility 5. Over the years, multiple techniques have been developed to
treat putative uterine tube obstruction in mares. The techniques vary from instillation of
prostaglandin E2 (PGE2) over the uterine tubes’ surface via laparoscopic approach;
retrograde flushing of the abdominal opening of the uterine tube via laparotomy,
antegrade hydro cannulation of the uterine opening of the uterine tube via hysteroscopy,
deep-horn infusion of PGE2 or and more recently prostaglandin E1 (PGE1) -2,
However, the need for specific skills, the high costs, invasiveness, and risks for the mare
inherent with some of these techniques have prevented their wide use in equine clinical
practice.

This scenario has been changing as more clinicians are treating mares suspected
to have uterine tube obstruction after the publication of a case series out of Brazil
suggesting thatmares with the unapparent cause of subfertility could benefit from the
application of misoprostol, a synthetic PGE1, via an Al pipette deposited deep into the
uterine horns 2. While this technique has been previously used in the United States and
other parts of the world, the apparent enhancement of fertility reported by investigators out
of Brazil, coupled with the
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low costs and simplicity of the technique ['213], has encouraged a massive worldwide use
of misoprostol infusion for mares with suspicious uterine tube obstruction.

In the United States, uterine infusion of misoprostol is primarily performed pre
breeding (i.e., when mares are coming in or are in estrus) and less commonly performed
immediately after a negative embryo flushing 7-9 days post-ovulation (when mares are in
diestrus). The perceived advantages of infusing misoprostol pre-breeding are that the
mare in estrus is more capable (i.e., open cervix, low progesterone concentration,
competent immune response, and uterine contractility) of dealing with potential secondary
uterine infections introduced with the misoprostol infusion and that it is closer to the
breeding time, thus allowing unilateral treatment of only one side in case the mares have
one or more follicles located in one ovary. However, the ideal time point to administer
misoprostol has not been critically investigated.

Recently, there have been growing concerns regarding misoprostol in clinical
practice with mares since rare but severe anaphylactic reactions have been reported in
mares immediately after infusion "4, requiring treatment with massive uterine lavage,
corticosteroids, epinephrine, and intravenous fluids. However, it remains to be determined
if mares developing systemic side effects to misoprostol do so due to the drug itself or for
having underlying conditions triggered by misoprostol infusion. In addition, anecdotal
reports suggested that misoprostol causes exacerbated uterine inflammatory response
post-infusion; but this has not been critically studied to determine if these mares have
undiagnosed endometritis or whether indeed misoprostol results in an exacerbated uterine
inflammatory response.

Therefore, this study aimed to assess the inflammatory response and potential
systemic reactions after uterine administration of misoprostol, either during pre-breeding
or immediately after post-embryo flushing. We hypothesized that misoprostol does not

exacerbate the uterine inflammatory response in mares.

2. MATERIALS AND METHODS

This study was revised and approved by the Institutional Animal Care and Use
Committee of the University of Brasilia under protocol #23106.023841/2022-26. The
studynwas conducted from November 2020 to May 2021.
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Animals and husbandry

The study involved two experiments conducted with four estrous cycles of eleven
Mangalarga Marchador, used as donors in an embryo transfer facility located in Planaltina,
Federal District, Brazil (15°29'59.1"S 47°38'13.5"W). The mares ranged from 3 to 10 years
old and weighed 350 to 450 kg. Before the onset of the study, the owner permitted us to
enroll the animals in the study.

The mares were kept on tropical grass pasture in groups of three to four mares,
with free access to water and supplemented with trace minerals. None of the mares used
in the study had a history of subfertility or susceptibility to persistent breeding-induced
endometritis. In addition, all mares had been used as embryo donors for at least one

breeding season and were reported to have apparently good fertility.

Experiment 1. Uterine inflammatory response after pre-breeding infusion of misoprostol

Two estrous cycles of each mare were randomly assigned in a crossover design to
receive misoprostol (3 mL LRS +200 pg) or sham (3 mL of lactate Ringer's solution; LRS)
infusions, bilaterally deposited via deep-horn, at least 72h pre-breeding. Immediately
before misoprostol or sham infusions, mares had uterine swabs and cytobrush collected
for aerobic culture and cytologic evaluations, respectively, as described below. Also,
uterine cytology was repeated 24h, 48h, and 72h after administration of misoprostol or
sham.

The misoprostol infusion consisted of a single bilateral deep-horn application of one
200 pg tab of misoprostol (Misoprostol oral tab 200 pg, Greenstone, NDC 59762-5008-02)
per uterine horn, diluted in 3 mL of LRS. The sham consisted of a single deep horn uterine
application of the same volume of LRS on each uterine horn. Immediately before each
application, the misoprostol tabs were crushed and then dissolved in LRS. For both sham
and misoprostol infusions, the uterine administrations were performed when mares were
coming into estrus, i.e., when a dominant follicle 228 mm in the presence of uterine edema
score 21 was detected. After infusions, mares were observed for side effects such as
swelling, tachypnea, and sudoresis.

Immediately before and then daily up to 72h after infusion, all mares had uterine
ultrasonography performed to evaluate the uterus for the presence of uterine edema and
fluid accumulation. Twenty-four after uterine infusion, each mare had a uterine lavage with

2 L of LRS. All mares received a dose of dinoprost to promote uterine contractility and
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prevent intrauterine fluid accumulation. Thereafter, oxytocin was administered q12h, i.m.,
for three days.

Mares were bred at least 72 hours after misoprostol or sham infusions. Embryo
flushing was performed eight- or nine-days post-ovulation as described below. The data
associated with the breeding management, embryo recovery, and transfer results are
described below. There were no wash-out cycles between sham and misoprostol cycles.

Experiment 2. Uterine inflammatory response after misoprostol immediately after embryo

flushing in mares

Two estrous cycles of each mare were randomly assigned in a crossover design to
receive misoprostol (3 mL +200 pg) or sham (3 mL of lactate Ringer's solution) infusions
bilaterally deposited via deep-horn immediately after embryo flushing performed 8-9 days
post-ovulation. The misoprostol and sham infusions were performed as described in
experiment 1. After the end of experiment 1 and before the onset of experiment 2, mares
had one breeding-embryo flushing cycle.

Immediately before misoprostol and sham infusions, mares had uterine swabs and
cytobrush collected for aerobic culture and cytologic evaluations, respectively, as
described below. Cytology was repeated daily for up to 72 h after misoprostol or sham
infusions. Mares were assessed for side effects after misoprostol and sham uterine
infusions. Similar to experiment 1, one uterine lavage was performed 24 h post-
misoprostol or LRS deep-horn applications. Right after the lavage, each mare received a
dose of Dinoprost (1mL, 5 mg, i.m., Lutalyse®, Zoetis). For three days, oxytocin was
administered q12h, i.m. to prevent intrauterine fluid accumulation. Before the onset of the
study and oxytocin administrations, mares were assessed for uterine edema and fluid
accumulation for comparisons across groups. Following infusions, mares were monitored
and bred in standard fashion with fresh, cooled, or frozen semen. Fertility rates of the
estrous cycle following treatment were used for each group. The data associated with the
breeding management, embryo recovery, and transfer results within the estrous cycle is
described below. There were no wash-out cycles between sham and misoprostol cycles.

Breeding management and embryo flushing

Mares had transrectal palpation and ultrasonography examination performed every

other day until early estrus (28-30 mm) was detected. After that, uterine culture and
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cytology were obtained from each mare, and mares were examined daily until the follicle
reached = 35 mm in the presence of an endometrial edema score 21. Mares with positive
uterine cultures were treated with antibiotic therapy according to the antimicrobial
susceptibility if needed. Once a 235 mm follicle and uterine edema >1 was detected,
ovulation was hastened with 250 ug of histrelin acetate (1 mL, i.m., Strelin®, Botupharma,
Botucatu, Sao Paulo, Brazil). Finally, mares were inseminated with fresh, cooled, or frozen
semen from six Mangalarga Marchador stallions.

Embryo flushing was carried out eight or nine days after ovulation with LRS. The
recovered uterine fluid was drained into a filter, and embryos were searched, located,
separated, and graded ['®. Embryos were standardly transferred into cyclic recipients 4-7

days post ovulation.

Ultrasonography

Transrectal palpation and ultrasonography examination was performed with a portable
ultrasound (SonoScape A5v, Domed, Sao Paulo, Brazil) coupled with a 5 MHz linear
transducer. If intrauterine fluid accumulation was present, the fluid column's height and
width (mm2) were measured with the ultrasound caliper function at the uterine bifurcation.
Endometrial edema was scored on each transrectal ultrasonographic examination on a

scale of 0 (absent) to 4 (max) ["6],

Endometrial cytology

Uterine cytology was performed pre- (0 h) and post-infusions (24, 48, and 72 h). The
samples were obtained using a disposable cytobrush. Briefly, the cytobrush was inserted
manually through the vagina and cervix into the uterus using a sterile sleeve. After
collection, the slides were prepared and stained by Diff-Quick. The samples were then
microscopically examined under 400% objective, and the number of inflammatory cells in
ten higher power fields was counted. Finally, an evaluator blinded to the treatment
assessed all the samples. Positive uterine cytology was defined as = 3-5 PMNs per high-

power field.
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Aerobic culture

Uterine culture swabs were transported in Stuart media to the microbiology laboratory
of the Faculty of Agronomy and Veterinary Medicine of the University of Brasilia. Upon
arrival, samples were streaked over blood agar, MacConkey, Cled and BHI broth for 24h
at 37°C. When positive, isolates were identified using standard microbiological testing
such as Mannitol media, Indol, VM, VP, Citrate, Urea, Phenyl, Ornithine, Glucose,
Sucrose, KOH, Catalase, Gram staining and streaking over Cled, EMB, OF, and
chromogenic agar. Muller Hinton media was used for the antimicrobial sensitivity test.

Statistical analyses

Data analyses were carried out with GraphPad Prism 8.0.1. (GraphPad Software,
San Diego, California, USA). Time to Al and ovulation and PMN counting were evaluated
with a mixed model and Tukey's post hoc test. Edema and uterine accumulation scores
were tested by the Kruskal-Wallis test, followed by Dunn's test. Fertility rates, the number
of positive bacterial cultures, and positive cytology were assessed using logistic
regression analysis. Significance was set at P < 0.05 for all tests. All data are presented
as mean = SD. The degree of linear correlation between the group, embryo recovery,
culture, and PMNs counting was tested using Pearson correlation. Strong coefficient of
correlation was defined as r > 0.7, moderate 0.5 <r < 0.7, and weak correlation when r <
0.5.

3. RESULTS

Experiment 1

Seven cycles in the sham group were bred with frozen semen, three cycles were
bred with chilled semen, and one cycle with freshly extended semen (Table 1). Five cycles
in the misoprostol group were bred with frozen semen, and six cycles with freshly
extended semen (Table 1). Uterine edema or intrauterine fluid accumulation was similar in
both misoprostol and sham groups (P>0.05). However, both the sham and misoprostol
infusions increased the number of PMNs on uterine cytology for up to 48 h post-infusion
(P<0.05, Figure 1). In both groups, more mares were found to have positive uterine

cytology at 24h after infusions (P<0.05). However, in the misoprostol cycles, more mares
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had positive uterine cytology at 0 and 48 h (Table 2, P<0.05). There was no difference in
the interval between treatment and Al (sham, 3.6+0.7 days; and misoprostol, 3.5+0.7
days) or ovulation (sham, 3.8+0.9 days; and misoprostol, 4.0+1.1 days) between both
cycles (P>0.05). The embryo recovery rates were similar between sham (45%, 5/11) and
misoprostol cycles (45%, 5/11; P>0.05). After embryo transfer, the percentage of mares
confirming pregnant at 5 days post-transfer was 100% (5/5) and 80% (4/5) for sham and

misoprostol cycles, respectively.

Experiment 2

Three cycles in the sham group were bred with frozen semen, and eight cycles
were bred with freshly extended semen. Six cycles in the misoprostol group were bred
with frozen semen, and five cycles with freshly extended semen (Table 3). Similar to
mares treated pre breeding, misoprostol did not affect the uterine edema or intrauterine
fluid accumulation in mares treated after embryo flushing (P>0.05). However, PMNs
counts increased 24 h after misoprostol and sham cycles (P<0.05, Figure 2). At 48 h after
misoprostol infusion, PMNs counts returned to baseline values and remained stable up to
72 h in the sham cycle (P>0.05, Figure 2A), whereas PMNs were reduced in mares
treated with misoprostol (P<0.05, Figure 2B).

The number of mares with positive uterine cytology at each moment is highlighted
in Table 4. The number of mares with positive uterine cytology did not change over time in
the misoprostol group (P>0.05). However, the incidence of positive uterine cytology 24 h
after treatment was increased in the sham group compared to pre-infusion (0 h; P<0.05).
There was no difference in the intervals from infusion to breeding (sham, 6.6+2.6 days;
and misoprostol, 6.2+2.4 days) or ovulation (sham, 7.5£2.6 days; and misoprostol, 6.9+2.3
days) between both cycles (P>0.05). Embryo recovery rates were similar between sham
(73%, 8/11) and misoprostol cycles (45%, 5/11; P>0.05). After embryo transfer, the
percentage of mares confirming pregnant five days post-transfer was 50% (4/8) and 100%

(5/5) for sham and misoprostol cycles, respectively.
Combined analyses of experiments 1 and 2
None of the mares in the present study develop adverse reactions after treatments.

Positive uterine cultures were observed in 64% (28/44) of the cycles used for this study.

Bacteria isolated were Escherichia coli (7%), Pseudomonas aeruginosa (18%),
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Staphylococcus aureus (18%), Enterobacter (18%), Enterococcus (7%), Bacillus (7%),
Corynebacterium (4%), and mix isolated (21%). The percentage of positive aerobic
bacterial cultures was similar in both groups and experiments (P>0.05). In addition, there
were no associations (P>0.05) between cycles with a positive uterine culture and a
positive embryo recovery (r = 0.04), positive uterine culture (r = -0.02), or positive uterine
cytology (r = 0.14) and fertility.

Similarly, a positive embryo recovery was weak and negatively correlated (r = -0.40;
P<0.05) with positive uterine cytology at Oh, and there were no associations between
embryo recovery and a positive uterine culture (r = 0.04; P>0.05). The correlation between
positive uterine cultures and the specific time points of each uterine cytology were: 0 h, r =
0.20; 24 h,r=-0.11; 48 h, r=0.14; 72 h, r = 0.21 (P>0.05). Mares in experiment 2 had
longer intervals from infusion to breeding or ovulation than mares in experiment 1
(P<0.05).

Discussion

The present study was set forth to assess the uterine inflammatory response and
potential adverse reactions after intrauterine infusion of misoprostol in mares pre-breeding
or after embryo flushing. None of the mares in the present study displayed systemic signs
of adverse reactions, as previously reported [14], after misoprostol administrations in
either experiment. In addition, the misoprostol did not exacerbate the uterine inflammatory
response in mares when compared with sham.

Exacerbated uterine edema and intrauterine fluid accumulation are valuable
parameters for clinically assessing mares inflammation [1,2]. Uterine infusion of
misoprostol did not change these parameters compared to sham infusion in either
experiment. In a recent study, deep-horn administration of misoprostol (200 pg/mare) did
not increase uterine fluid accumulation when infused one or two days before breeding
[18]. Intrauterine or cervical administration of misoprostol in mares did not result in side
effects in other studies [12,13,17—19]. Severe allergic reactions (e.g., anaphylactic and
anaphylactoid) may occur unexpectedly in animals prone and sensible to specific antigens
[20-22]; thus, it is paramount to observe mares for at least 30-60 minutes for systemic
reactions to misoprostol as there have been numerous unpublished reports of systemic
reactions in mares with the gain in popularity of the technique.

The total misoprostol used in the present study was 400 pg/mare; many clinicians

use 800 to 1000 pg/mare (i.e., 400-500 pg/uterine horn). In one clinical case that a mare
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developed a severe systemic reaction to misoprostol; the dosage used was 1,600
pg/uterine horn [14]. It is possible that if a larger dose of misoprostol was used herein and
elsewhere, mares could have displayed an exacerbated uterine inflammatory response or
even side effects; however, this remains to be determined by further studies.

The embryo recovery did not change across groups or experiments herein;
however, it is worth noting that none of the mares enrolled in the study did not have any
clinical indication to be treated with misoprostol. Also, since a limited number of cycles and
mares were used herein, the study was not set to evaluate embryo recovery but rather to
evaluate the post infusion uterine inflammatory response. In addition, since the study was
conducted under private practice conditions, mares were bred to six different stallions,
with freshly extended, chilled-shipped, or frozen upon the farm manager’s discretion. Yet,
as the mares were infused pre-breeding or immediately after embryo flushing, the clinical
parameters assessed herein were all performed before the next breeding cycle; therefore,
no confounding effects were present.

A recent study did not observe differences in pregnancy rates in mares treated with
misoprostol pre-breeding; however, the uterine inflammatory response was not evaluated
[18]. However, mares tended (P=0.07) to have lower fertility than the sham group [18]; the
authors also suggested that this tendency could be associated with the adverse effect of
misoprostol on semen [18]. In the present study, mares were bred at least 72 h after
misoprostol administration and had a uterine lavage performed 24 h post-misoprostol
deep horn infusion. Conversely, mares in the European study were bred 24-48 h post-
misoprostol, and it is not clear whether a uterine lavage was performed after misoprostol
infusion.

The mammalian endometrium reacts to foreign particles and activates the innate
immune response aiming to promote a healthy environment [1,27]. Although exacerbated
uterine inflammation can be harmful to the establishment of pregnancy [28], uterine
inflammation is a physiological phenomenon that is important for uterine clearance after
antigen recognition [1,29]. The inflammatory cascade in the endometrium can be activated
by either infectious agents (i.e., bacteria and fungus) or non-infectious agents such as
sperm, chemicals, or excessive manipulation [25,26,29,30]. Exacerbated and delayed
(e.g., >48-72 h) uterine inflammation is a concern in equine breeding programs [1,31]. In
the present study, both the sham and misoprostol uterine infusions increased the PMNs
counting in uterine cytology 24 h post-infusion in pre-breeding and post-embryo flushing
cycles. It was unknown if this increment in PMNs counts was associated with the LRS

used on both sham and misoprostol groups, or if it was due to the passage of the flexible
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Al-pipette, which can also cause inflammation of the endometrium [25,26]. The two-time
points for the misoprostol infusion used in the present study were chosen to mimic current
standards in the equine breeding industry as mares are either infused with misoprostol
during estrus (pre-breeding) or diestrus (post-embryo flushing).

Herein statistical comparisons were made between mares in experiments 1 and 2 in
the interest of readership. However, as the study was carried out on a private commercial
farm, the mares treated in diestrus had embryo flushing performed before misoprostol;
therefore, the embryo flushing likely affected baseline PMN counts, uterine edema, and
fluid before infusion of misoprostol; thus, preventing a true comparison between estrus
(pre-breeding) vs. diestrus (post-embryo flushing). However, this study design did not limit
the comparisons made within experiments between sham and misoprostol groups.
Reports have been made with mares infused during estrus or diestrus [14, 18], but no
study compared the same mares in the same timepoints as herein.

An unexpected finding of the present study was a large number of embryo donor
mares with positive uterine cultures. This was unforeseen as none of the mares had a
history or signs of endometritis [1,2]. Most uterine infections are caused by R-hemolytic
Streptococci ssp. and E. coli in horses [1,2,23,24]. However, Streptococci ssp. was not
isolated in any of the mares, and E. coli was detected in 7 % of the positive cultures. The
high percentage of positive cultures coupled with less common bacteria could suggest
contamination during sampling; or that the mares had chronic endometritis as all the
isolates obtained herein have been reported in association with chronic endometritis (e.g.,
E. coli, Enterobacter, P. aeruginosa, Staphylococcus spp., Corynebacterium); and mares
with chronic endometritis do not display overt clinical signs [1,2,23,24]. Having a positive
culture before misoprostol or sham infusions was not associated with further inflammatory
response herein. Therefore, none of the mares enrolled herein had a history of persistent
breeding induced endometritis, and it is possible that the anecdotal reports of misoprostol
causing exacerbated uterine inflammatory response were due to mares susceptible to
endometritis over-reacting to misoprostol or the passage of the flexible Al pipette. This
warrants further investigation.

In conclusion, misoprostol did not induce exacerbated uterine inflammation in
mares or systemic adverse reactions when infused pre-breeding or immediately after
embryo flushing. Sham and misoprostol infusions induced a transient inflammatory

resolved by 72 h post infusion.
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Table 1. Descriptive breeding management of commercial embryo donor mares in experiment 1.
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Mares# Groups Culture Al type PM (%) Breeding dose Viable Embryo recovery and quality Transfer results
1 Sham Staphylococcus sp Frozen 20% 8 straws 160 x 106 NER -

1 Misoprostol NMI Fresh  55% 1.8 x 10° 1 x10° NER -

2 Sham Bacillus Frozen 20% 8 straws 160 x 108 NER -

2 Misoprostol Bacillus Fresh 70% 1.4 x 10° 1 x10° Blastocyst, grade 1 Pregnant

3 Sham NMI Chilled 40% 1x10° 400 x 108 NER -

3 Misoprostol E. coli, Enterococcus, Enterobacter Fresh 50% 2 x 10° 1 x10° NER -

4 Sham NMI Frozen 50% 5 straws 250 x 108 Blastocyst Pregnant

4 Misoprostol NMI Frozen 50% 5 straws 250 x 106 Blastocyst Pregnant

5 Sham NMI Chilled 35% 1x10° 350 x 106 Blastocyst Pregnant

5 Misoprostol NMI Frozen 20% 8 straws 160 x 106 NER -

6 Sham Staphylococcus sp. Chilled 35% 1x10° 350 x 106 Blastocyst Pregnant

6 Misoprostol Enterococcus Frozen 50% 5 straws 250 x 108 Blastocyst, grade 2 Not pregnant
7 Sham Proteus, Enterobacter Frozen 35% 3 straws 105 x 108 Blastocyst Pregnant

7 Misoprostol Staphylococcus sp. Frozen 20% 8 straws 160 x 106 NER -

8 Sham Staphylococcus sp. Frozen 20% 8 straws 160 x 108 NER -

8 Misoprostol E. coli Frozen 20% 8 straws 160 x 106 NER -

9 Sham Enterobacter Fresh 40% 2.5x%x10° 1x10° Blastocyst Pregnant

9 Misoprostol Enterococcus Fresh 45% 2.2 x10° 1 x10° Blastocyst Pregnant
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Mares# Groups Culture Al type PM (%) Breeding dose Viable Embryo recovery and quality Transfer results
10 Sham NMI Frozen 20% 8 straws 160 x 108 NER -

10 Misoprostol Enterobacter, Enterococcus Fresh 45% 2.2 x10° 1 x 10° NER -

11 Sham Pseudomonas Frozen 20% 8 straws 160 x 108 NER -

11 Misoprostol Enterobacter Fresh 45% 2.2 x 10° 1 x10° Blastocyst (2+) Pregnant (2+)

PM, Progressive motility; NMI, no microorganisms isolated; NER, no embryo recovered. Breeding dose, Total Motility. Viable:

progressive motile sperm.



Table 2. The number of mares with positive aerobic uterine cultures immediately before
administration of misoprostol or sham infusions. Mares received misoprostol or sham when a 228
mm follicle in absence of a corpus luteum was first detected.

Timepoints
Groups Oh 24h 48 h 72h
Sham 9% (1/11)2 64% (7/11)° 36% (4/11)® 27% (3/11)®
Misoprostol 0% (0/11)2 73% (8/11)° 64% (7/11)° 27% (3/11)

Different superscripts (3°) denote the effects of time (P<0.05).
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Figure 1. Mean polymorphonuclear cells (PMNs) assessed in 10 high-power fields
(hpf) in endometrial cytology of mares treated pre-breeding (=28 mm follicle in the
presence of endometrial edema score 21). Mares (n=11) had estrous cycles (n=22)
assigned to receive deep uterine horns sham infusions (A, n=11), or misoprostol
(200 pg/per side) (B, n=11) in a cross-over design. Different superscripts denote
the effects of time (2) and differences between groups (*8) (P < 0.05).
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Table 3. Descriptive breeding management of commercial embryo donor mares in experiment 2
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Mares# Groups Culture Altype PM (%) Breeding dose Viable Embryo recovery and quality Transfer results
1 Sham Corynebacterium Fresh  60% 1.6 x 10° 1x10° Blastocyst Not pregnant
1 Misoprostol Pseudomonas Frozen 50% 5 straws 250 x 106 Blastocyst, grade 1 Pregnant

2 Sham E. coli, Enterococcus Fresh 45% 2.2 x10° 1x10° Blastocyst Pregnant

2 Misoprostol E. coli, Enterobacter Frozen 20% 8 straws 160 x 106 NER -

3 Sham NMI Fresh  45% 2.2 x10° 1x10° NER -

3 Misoprostol NMI Fresh  45% 2.2 x 10° 1x10° NER -

4 Sham NMI Frozen 50% 5 straws 250 x 108 Blastocyst, grade 2 Not pregnant
4 Misoprostol NMI Frozen 20% 8 straws 160 x 108 NER -

5 Sham Enterobacter Fresh  55% 1.8 x 109 1x10° Blastocyst Pregnant

5 Misoprostol Enterobacter Fresh 50% 2 x10° 1 x 10° NER -

6 Sham Pseudomonas Frozen 50% 5 straws 250 x 106 NER -

6 Misoprostol NMI Fresh  60% 1.6 x 10° 1x10° Blastocyst Pregnant

7 Sham Staphylococcus sp. Frozen 50% 5 straws 250 x 108 NER -

7 Misoprostol Klebsiella, Enterobacter Fresh 60% 1.6 x 10° 1 x10° Blastocyst Pregnant

8 Sham NMI Fresh 60% 1.6 x 10° 1x10° Blastocyst Pregnant

8 Misoprostol E. coli Frozen 50% 5 straws 250 x 106 Blastocyst Pregnant

9 Sham Enterobacter Fresh 50% 2 x10° 1x10° Blastocyst, grade 2 Not pregnant
9 Misoprostol NMI Fresh  60% 1.6 x 10° 1x10° Blastocyst Pregnant
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Mares# Groups Culture Altype PM (%) Breeding dose Viable Embryo recovery and quality Transfer results
10 Sham NMI Fresh  60% 1.6 x 10° 1x10° Blastocyst Pregnant

10 Misoprostol NMI Frozen 20% 8 straws 160 x 106 NER -

11 Sham Pseudomonas Fresh 50% 2 x10° 1x10° Blastocyst, grade 2 Not pregnant

11 Misoprostol Pseudomonas Frozen 10% 4 straws 40 x 106 NER -

PM, Progressive motility; NMI, no microorganisms
progressive motile sperm.

isolated; NER, no embryo recovered. Breeding dose, Total Motility. Viable:
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Table 4. The number of mares with positive uterine cultures before misoprostol and sham infusions. Mares
received one infusion immediately after embryo flushing (8-9 days after ovulation).

Timepoints
Groups Oh 24 h 48 h 72 h
Sham 1/11 (9%)? 7/11 (64%)° 5/11 (45%)% 1/11 (9%)?
Misoprostol 2/11 (18%) 4/11 (36%) 311 (27%) 1/11 (9%)
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Figure 2. Mean polymorphonuclear cells (PMNs) assessed in 10 high-power
fields (hpf) in endometrial cytology of mares treated after an embryo flushing.
Mares (n=11) had estrous cycles (n=22) assigned to receive deep uterine horns
sham infusion with Lactate Ringer' 's Solution (A, n=11), or 200 mcg of
misoprostol (B, n=11) in a crossover design. Different superscripts denote the
effects of time (2:°¢) and differences between groups (*B) (P < 0.05).
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Figure 3. Intrauterine fluid accumulation and endometrial edema scores in mares
treated with bilateral deep uterine horn infusion of 200 ug of misoprostol or sham
infusion (Lactate ringer, LRS). G1, mares were treated with sham infusion when
228 mm follicle and endometrial edema =1 were diagnosed; G2, mares were
treated with infusion of 200 pg of misoprostol when =28 mm follicle and
endometrial edema =1 were diagnosed; G3, mares were treated with sham infusion
immediately after embryo flushing (8-9 days after ovulation); G4, mares were
treated with infusion of 200 ug of misoprostol immediately after embryo flushing (8-
9 days after ovulation). Uterine fluid: 0, absence of fluid; 1, <10 mm of fluid column;
2, 10 to 20 mm of fluid column; 3, 21 to 30 mm of fluid column; 4, 31 to 40 mm of
fluid column; 5, >40 mm of fluid column. Endometrial edema: 0 (absent) to 4 (max)
[16]. Different superscripts denote the effects of time (2b°) (P < 0.05). Data are
expressed as medians +/- 95% CL.
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