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IMPACTO POTENCIAL DESTA PESQUISA

O impacto desta pesquisa consiste em determinar perfis morfo-funcionais e
moleculares que ocorrem no corpo luteo bovino apds a administragcdo de
prostaglandinas em diferentes fases do ciclo. Essa contribuigdo é valida para
direcionar projetos futuros que tenham como objetivo o estudo das vias luteoliticas,

potencializando as biotecnologias reprodutivas.



POTENTIAL IMPACT OF THIS RESEARCH

The impact of this research consists in determining morpho-functional and
molecular profiles that occur in the bovine corpus luteum after the administration of
prostaglandins in different phases of the cycle. This contribution is valid for directing
future projects that aim to study the luteolytic pathways, enhancing reproductive
biotechnologies
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ALTERA(}()ES MORFOFISIOLOS;ICAS E MOLECULARES EM CORPO LUTEO
BOVINO APOS ADMINISTRACAO DE DIFERENTES PROSTAGLANDINAS E
DOSES NO METAESTRO E DIESTRO

RESUMO - O objetivo do presente estudo foi investigar os processos
relacionados a administracéo de diferentes prostaglandinas (cloprostenol sédico - CS
e dinoprost trometamina - DT) utilizando 100% e 50% da dose recomendada, durante
metaestro e diestro (4 e 11 dias apds ovulagcdo (DO), respectivamente). Foram
analisadas as seguintes caracteristicas: dinamica luteal, vascularizagdo do CL,
quantificacdo de pixels na perfusdo sanguinea do CL e dosagem sérica de
progesterona (P4) (Exp.1) e morfometria das células luteais, valor numérico de pixels
(NVP) e heterogeneidade associada ao CL e imunomarcacgao da caspase-3, dosagem
de P4 e expressdo de microRNA (miRNA) (Exp.2). Em Exp. 1, 44 fémeas tiveram
ovulagao sincronizada e receberam os seguintes tratamentos: D4 (CS50% n= 5;
CS100% n= 5; DT50% n= 5; DT100% n= 5) e D11 (CS50% n= 7; CS100% n= 5;
DT50% n= 6; DT100% n= 6). Em Exp. 2, foram sincronizadas 23 fémeas, alocadas
nos tratamentos: D4 (CS 50%, n=3; CS 100%, n=3; DT 50%, n=3; DT 100%, n=3) e
D11 (CS 50 %, n=3; CS 100%, n=3; DT 50%, n=3; DT 100%, n=2) e foram abatidos
dois dias depois. Os dados foram analisados por ANOVA em arranjo fatorial (2x2, no
Exp. 1 e Exp. 2) com medidas repetidas ao longo do tempo (exceto morfometria e
imunomarcacéao) e teste de Tukey, com significancia < 5%. A analise do miRNA foi
descritiva. No metaestro, houve redugao inicial de P4, independente da droga utilizada
e da dose utilizada, retornando sua capacidade esteroidogénica apos 96h (Exp.1).
Quando utilizado 100%, houve declinio de P4 e reducao da perfusdo sanguinea do
CL. Quando foram utilizados 50% da dose e DT, observou-se maior redugcao na area
de pequenas células luteais, enquanto o tratamento DT50% apresentou maior
heterogeneidade. CS100% teve maior redugéo de P4 (Exp.2), maior NVP, indicando
processo luteolitico. Na fase de diestro, tanto 50% quanto 100% da dose de ambas
as PGF2a diminuiram o nivel sérico de P4, a vascularizagao, a perfusdo sanguinea e
o tamanho do CL (Exp.1). DT e dose de 100% alcangaram maior redugao de células
luteais grandes. O tratamento DT100% apresentou menor NVP, enquanto CS100%
apresentou maior heterogeneidade. Foi possivel identificar 18 miRNAs exclusivos no
metaestro, nenhum no diestro e 5 em comum quando utilizada 50% da dose,
independente da PGFa. Com 100% da dose, nenhum foi encontrado no metaestro, 8
MiRNAs no diestro e 17 miRNAs em comum. A administracao de luteoliticos no D4 foi
sugestiva de lutedlise parcial quando utilizada 100% da dose. A administragdo no D11
foi eficiente na indugdo da lutedlise completa, utilizando 50% ou 100% da dose
recomendada, independente do medicamento.

Palavras-chave: corpo luteo, miRNA, PGF2q, vias luteoliticas
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MORPHOPHYSIOLOGICAL AND MOLECULAR CHANGES IN BOVINE CORPUS
LUTEUM AFTER ADMINISTRATION OF DIFFERENT PROSTAGLANDINS AND
DOSES IN METAESTRUS AND DIESTRUS

ABSTRACT - The objective of the present study was to investigate the
processes related to the administration of different prostaglandins (sodium
cloprostenol - CS and dinoprost tromethamine - DT) using 100% and 50% of the
recommended dose, during metestrus and diestrus (4 and 11 days after ovulation (DO0),
respectively). The following features were analyzed: Iuteal dynamics, CL
vascularization, quantification of pixels in CL blood perfusion and serum progesterone
(P4) measurement (Exp.1) and luteal cell morphometry, numerical value of pixels
(NVP) and heterogeneity associated to CL caspase-3 immunostaining, P4 and
microRNA (miRNA) expression (Exp.2). In Exp. 1, 44 females had synchronized
ovulation and received the following treatments: D4 (CS50% n= 5; CS100% n= 5;
DT50% n= 5; DT100% n= 5) and D11 (CS50% n= 7; CS100% n= 5; DT50% n= 6;
DT100% n= 6). In Exp. 2, 23 females were synchronized, allocated to treatments: D4
(CS 50%, n=3; CS 100%, n=3; DT 50%, n=3; DT 100%, n=3) and D11 (CS 50%, n=3;
CS 100%, n=3; DT 50%, n=3; DT 100%, n=2) and were slaughtered two days later.
Data were analyzed by ANOVA in a factorial arrangement (2x2, in Exp. 1 and Exp. 2)
with repeated measurements over time (except for morphometry and immunostaining)
and Tukey's test, with significance at < 5%. The miRNA analysis was descriptive. At
metestrus, there was an initial reduction in P4, regardless of the drug used and dose
used, returning its steroidogenic capacity after 96h (Exp.1). When 100% was used,
there was a decline in P4 and a reduction in CL blood perfusion. When 50% of the
dose and DT were used, a greater reduction in the area of small luteal cells was
observed, while the 50%DT treatment had a greater heterogeneity. CS100% had a
greater reduction in P4 (Exp.2), higher NVP, indicating a luteolytic process. In the
diestrus phase, both 50% and 100% of the dose of both PGF2a decreased the serum
level of P4, vascularization, blood perfusion, and CL size (Exp.1). DT and 100% dose
achieved greater reduction of large luteal cells. The DT100% treatment had lower NVP,
while CS100% in higher heterogeneity. It was possible to identify 18 unique miRNAs
in metestrus, none in diestrus and 5 in common when 50% of the dose was used,
regardless of PGFa. With 100% of the dose, none were found in metestrus, 8 miRNAs
in diestrus and 17 miRNAs in common. The administration of luteolytics in D4 was
suggestive of partial luteolysis when 100% of the dose was used. Administration on
D11 was efficient in inducing complete luteolysis, using 50% or 100% of the
recommended dose, regardless of the drug.

Keywords: corpus luteum, luteolytic pathways, miRNA, PGF2a
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CAPITULO 1 — Consideracées Gerais

1. INTRODUGAO

A produtividade do rebanho bovino é altamente relacionada com a eficacia na
reproducao dos animais, fazendo com que os estudos envolvendo fisiologia basica
seja fundamental para posterior aplicagdo das biotécnicas da reprodugao. O ciclo
reprodutivo da fémea bovina tem, em média, duracédo de 21 dias e é classificada em
fases baseadas nas oscilacdes hormonais. Tal ciclo pode ser dividido em fase folicular
e luteal, sendo que na primeira o horménio predominante é o estradiol (E2) e na
segunda, a progesterona (P4) (HAFEZ, B.; HAFEZ, 2004). Para se iniciar um novo
ciclo € necessario que ocorra a lutedlise, que fisiologicamente ocorre por volta do dia
17 apds a ovulagao (SARTORI et al., 2004).

A regresséao do corpo luteo (CL) ocorre por meio da agao da prostaglandina F-2alfa
(PGF2a) e apresenta duas fases: a lutedlise funcional e, em seguida, a estrutural. A
funcional é caracterizada pelo abrupto declinio nas concentracdes séricas de P4
durante as primeiras 8 a 12 horas ap6s a admnistragcdo da PGF2a. Ja a lutedlise
estrutural é o processo de diminuigdo de tamanho até regressao total do CL formando
o corpus albicans (MCCRACKEN; CUSTER; LAMSA, 1999; STOCCO; TELLERIA;
GIBORI, 2007).

Os analogos da PGF2a sdo mundialmente difundidos com a fungado de mimetizar
a acao na lutedlise. Comercialmente no Brasil existem trés principios ativos
disponiveis: o dinoprost trometamina (DT), cloprostenol sédico e d-cloprostenol, sendo
os dois ultimos compostos sintéticos e o primeiro, um analogo natural. Estudos
comparando a eficiéncia dos farmacos foram realizados e, apesar de alguns
resultados indicarem diferengca quanto a eficiéncia de regressao luteal, outros
demonstraram similaridade quanto a taxa de concepc¢ao ao final de protocolos de
sincronizagdo de estro (ETHERINGTON; KELTON; ADAMS, 1994; PURSLEY et al.,
2012; STEVENSON; PHATAK, 2010). Com o objetivo de otimizagado dos protocolos,
também foi testada a reducao de doses, obtendo-se resultados eficazes utilizando até
50% da dose recomendada, porém quando utilizada 25% da dose recomendada se

constatou um breve declinio da P4 com posterior aumento, causando o que se



conhece como lutedlise parcial, na qual ndo ocorre a cascata necessaria para a
regressao total do CL (NASCIMENTO et al., 2014b; TREVISOL et al., 2015).

No fim do processo da lutedlise estrutural, ocorre a apoptose das células que € um
processo de morte celular, degeneracao de DNA e posterior remodelamento da matriz
(MARTIN, 2014). Esse processo pode ocorre por meio de duas vias, extrinseca ou
intrinseca e o seu desencadeamento promove ativacao de cascatas de caspases que
serao responsaveis por promover a total desintegragédo celular. A mais comumente
estudada € a caspase-3, sendo avaliada sua presenca e expressao de RNAm
relacionados a lutedlise (GRIVICICH; REGNER; DA ROCHA, 2007; HOJO et al., 2016;
PELUFFO et al., 2006).

Os avancgos da biologia molecular estdo sendo difundidos na reprodug¢do animal,
a fim de elucidar o complexo processo da lutedlise. Recentemente sao crescentes os
estudos utilizando mircroRNAs (miRNAs), que sao pequenas moléculas que atuam na
regulacao da traducgao das proteinas, para compreensao das vias que sao ativas ou
nao durante a regressédo do CL de ruminantes (GECAJ et al., 2017; HOSSAIN et al.,
2012; MCBRIDE et al.,, 2012). Dessa forma, neste capitulo iremos abordar as
modificagdes morfofisioldgicas e moleculares que ocorrem durante o processo da

lutedlise.

2. REVISAO BIBLIOGRAFICA
2.1.Ciclo estral bovino

O ciclo estral dos bovinos possui, em média, 21 dias de duracdo e pode ser
dividido em duas fases baseado nos horménios que dominam cada momento. Sao
elas, a fase estrogénica que precede a ovulagao e a fase progesterdnica, que se inicia
apos a ovulagao e formacgao do corpo luteo (CL) e se encerra com a regressao do CL,
o que fisiologicamente ocorre por volta de 17 a 18 dias apds a ovulagéo (SARTORI et
al., 2004). A lutedlise é necessaria para que possa ocorrer um novo pico de LH e,
assim, nova ovulagdo nos casos onde nao ocorreu o reconhecimento embrionario
(MCCRACKEN; CUSTER; LAMSA, 1999).

Dentro da fase luteal, podemos observar duas distintas fases, o metaestro que
€ o0 momento inicial, onde ocorre a transformagao das células foliculares em células

luteinicas e todo o remodelamento para inicio da producao de P4, esta fase dura cerca



de 2 a 3 dias. A fase de manutencgao do CL é classificada como diestro, que se inicia
quando o CL ja esta em pleno funcionamento e se finda com a sua regressao

(revisado por Myamoto et al. ( 2009).

2.2.Formacgao do CL

O CL é considerado como um o6rgao endécrino transitério, ou seja, €
responsavel pela sintese de P4 durante o periodo onde o endométrio se prepara para
a implantacdo e manutengdo de uma possivel gestagao, regredindo caso néo ocorra
a implantacdo do embridao (GIRSH et al., 1996; MILVAE, 2000; WILTBANK, 1994).
Apds a ovulacdo se inicia o processo de remodelamento de células na cavidade
formada pela expulsdo do odcito do foliculo dominante, resultando em um corpo
hemorragico. As células da granulosa e teca iniciam um processo de hiperplasia e
hipertrofia, e também ocorre a proliferagcdo de novos vasos sanguineos, que sao
responsaveis pelo aumento de fluxo sanguineo ao longo do desenvolvimento do CL
(DAMBER et al., 1987).

A composigéao celular do CL é bem heterogénea, sendo composta por células
luteinicas esteroidoigénicas grandes (LLC- Large Luteal Cells) e pequenas (SLC —
Small Luteal Cells) e sdo formadas a partir da transformacgao das células da granulosa
e teca, respectivamente (ALILA; HANSEL, 1984), além de células nao-
esteroidoigénicas, como células endoteliais, fibroblastos e células do sistema imune
(O’'SHEA; RODGERS; D’OCCHIO, 1989). As LLC medem mais que 20um e sao
responsaveis pela maior parte da producdo de P4 do CL. Ja as SLC séo
caracterizadas por medirem menos de 20um e possuirem maior quantidade de
receptores para o LH, fazendo com que elas sejam mais responsivas a atuagao deste,
diferente das LLC que apesar de apresentarem receptores de LH n&o respondem
muito a estimulagdo do mesmo (FITZ et al., 1982).

A vasta rede de capilares formados pelas células endoteliais representa mais
de 50% do total do numero de células presentes em todo o CL, fazendo com que a
maioria das células esteroidoigénicas tenha um intimo contato com esses capilares
(O'SHEA; RODGERS; D’OCCHIO, 1989). A angiogénese e vascularizagao se
desenvolvem rapidamente a partir da atuacao de fatores vasoativos produzidos pelo

préprio CL, sendo os principais o fator de crescimento endotelial vascular (VEGF —



vascular endotelial growth factor), o fator de crescimento fibroblastico (FGF - fibroblast
growth factor), as angiopoetinas (ANPT) 1 e 2 (revisado por MIYAMOTO;
SHIRASUNA; SASAHARA, 2009; SCHAMS et al., 2003), a endotelina-1 (ENDT1) e
angiotensina Il (Ang Il) (revisado por TREVISOL et al., 2015).

O VEGF e FGF tem uma importante agao mitogénica nas células endoteliais,
induzindo a migragéo e proliferagdo das mesmas, além do controle da permeabilidade
dos vasos sanguineos (NASH et al., 2006). As ANTPs s&do necessarias para o
desenvolvimento do CL, tendo em vista que a ANPT-1 tem a funcéo de estabilizar os
vasos sanguineos, ja a ANTP-2 os desestabiliza. Com isso, a relagao entre ANTP-
1/ANTP-2 é crucial para o desenvolvimento e manutengdo dos vasos sanguineos
durante toda a fase luteinica (SCHAMS et al., 2003). A Ang Il tem sua maior atuagéo
quando a atividade de angiogénese esta alta, ou seja, no inicio da formagédo do CL
(KOBAYASHI et al., 2001). Contudo experimentos na fase do diestro, com a aplicagao
de PGF2a demonstrou um aumento de Ang Il, provocando a inibigdo da secrecao de
progesterona (HAYASHI; MIYAMOTO, 1999). A ENDT-1 tem alto poder vasoconstritor
e esta altamente expressa na formacgao do CL e na fase de regressdo. Sua modulagéo
ocorre devido a formacao de dois receptores, o ETR-A e o0 ETR-B. O ETR-A esta
presente em todo o ciclo e tem fungdo antiapoptoética, ja o ETR-B aumenta na fase
luteolitica, auxiliando nos processos apoptéticos (BERISHA; SCHAMS; MIYAMOTO,
2002; FILIPPATOS et al., 2001).

Com toda a rede vascular formada, as células esteroidoigénicas podem, por
fim, exercer a total capacidade de producao de P4. Essa fase de pleno funcionamento
e manutencédo do CL, corresponde a fase de diestro (revisado por (MIYAMOTO;
SHIRASUNA; SASAHARA, 2009). Todo esse processo de vascularizag&o inicial,
manutengdo e regressdo dos capilares do CL pode ser observado por exames
ultrassonograficos em modo Doppler (PUGLIESI; NAVES, 2017). Acosta e
colaboradores (2002) utilizaram essas imagens coloridas onde é possivel avaliar as
alteracdes do fluxo sanguineo do CL. Em vacas leiteiras foi possivel obter uma
corregdo positiva entre o fluxo sanguineo avaliado por meio do Doppler com a
secrecao de P4 (KAYA et al., 2017).



2.3.Luteodlise

A lise do CL é marcada por um complexo processo em que todo o tecido
formado apdés a ovulacdo sofre mudancas de remodelamento, findando na
substituigdo de um 6rgao enddcrino em tecido conjuntivo, conhecido como corpus
albicans (STOCCO; TELLERIA; GIBORI, 2007). A PGF2a é reconhecida como
horménio luteolitico natural de varias espécies mamiferas (WAITE; HOLTAN;
STORMSHAK, 2005). Produzida pelo endométrio e transportada pela circulagéo
utero-ovarica, esta prostaglandina é responsavel pelo desencadeamento das
alteragdes no CL, causando a lutedlise (CUNNINGHAM,2004).

A lutedlise pode ser estratificada em duas fases: a lutedlise funcional, que
corresponde ao declinio da secregdo de P4 pelas células luteinicas e a lutedlise
estrutural que se inicia ap6s o declinio de progesterona e é determinada pela apoptose
celular do CL (STOCCO; TELLERIA; GIBORI, 2007). Ginther e colaboradores (2010)
identificaram a lutedlise funcional de fémeas bovinas em trés fases. Essa divisao esta
relacionada as flutuagcbes sofridas pela P4 em um periodo de 24 horas: a pré-
luteolitica corresponde ao periodo anterior ao inicio da reducado de P4, a luteolitica
consiste no grande declinio das concentragdes de P4 e a pds-luteolitica € quando os
niveis séricos se encontram abaixo de 1ng/mL.

O mecanismo de liberacdo da PGF2a necessaria para causar a lutedlise
fisiol6gica em bovinos se inicia por meio de pulsos (4 a 7 pulsos) de curta duragao
(entre 3 e 6 horas) durante 2 a 3 dias (GINTHER et al., 2007, 2010; KINDHAL, H.;
LINDELL, J. O.; EDQVIST, 1981). A pulsatilidade da secrecdo da PGF2a foi
observada durante os trés periodos distintos por meio da mensuracido do seu
metabdlito em bovinos (GINTHER et al., 2007). Nesse estudo, pode-se observar que
durante o periodo pré-luteolitico os picos ocorrem em baixos niveis com um leve
declinio de P4; contudo, foi observado um efeito rebote. Durante o periodo luteolitico
0s picos sdo de maior pico e amplitude, ndo permitindo ocorrer o efeito rebote de
aumento de P4, desencadeando assim uma cascata luteolitica envolvendo uma série
de reguladores das fungdes do CL, como citocinas, fatores de crescimento e alteragéo
do fluxo sanguineo.

A PGF2a se liga aos receptores localizados nas membranas das células
luteinicas (em maior quantidade nas LLC, onde ha maior presenca de receptores



(NISWENDER et al., 2000a), os quais sao mediados por proteina G. A ativagéo desse
receptor ira promover a producao de inusitol trifosfato (IP3) e diaciglicerol (DAG), por
meio de uma rea¢do mediada pela ac&o da fosfolipase C (CHEN et al., 1998; DAVIS;
RUEDA, 2002). Com a ativag&o da fosfolipase C, ha indicios que ocorre a ativagao da
fosfolipase D, produzindo acido fosfatidico que, em contato com o DAG, ira ativar a
cascata sinalizadora da MAP quinase, outra importante via para a continuacdo do
processo de lutedlise (TAl et al., 2001).

O primeiro efeito observado apds o inicio da agdo da PGF2a é o decréscimo
do fluxo sanguineo, afetando diretamente a secreg¢do de P4 (MIYAMOTO;
SHIRASUNA; SASAHARA, 2009). A priori, se observa aumento de fluxo na area luteal
periférica devido a agdo do NO, sugerindo que o aumento do fluxo sanguineo apds a
acao da PGF2a é um dos sinais de ativagao da cascata de lutedlise (ACOSTA et al.,
2002a; MIYAMOTO; SHIRASUNA; SASAHARA, 2009). Outra agdo inicial da
prostaglandina € a supressao da produgao dos fatores de crescimento no CL, como o
VEGF. Substancias vasoativas como a EDN1, Ang I, e a PGF2a de origem luteal irdo
causar uma severa vasoconstricdo, acelerando o processo (revisado por MIYAMOTO;
SHIRASUNA; SASAHARA, 2009). Como o processo em que a PGF2a afeta a
producao da P4 ainda nao foi totalmente elucidado, estudos indicaram que a PGF2a
exdgena causa redugdao no RNAm de fatores esteroidoigénicos, como a proteina
reguladora de progesterona (Star), da mesma forma que reduzem os fatores
angiogénicos. Em contrapartida, sua agdo aumenta a produgdo de fatores
relacionados a sintese de prostaglandinas, como a COX-2 (SHIRASUNA et al., 2010).

Outra via ativada apo6s ocorrer a ligagcdo da PGF2a com seu receptor € o
aumento da proteina quinase C que, consequentemente, vai desencadear aumento
de Ca?* intracelular (NISWENDER et al., 2000a). Esse aumento de influxo de Ca?*
intracelular esta altamente relacionado ao desencadeamento do processo de
apoptose e morte celular, que correspondem com a proxima fase do processo de
regressdo do CL, a lutedlise estrutural. A apoptose, é conhecida como o processo de
morte celular, ou seja, um conjunto de alteragbes morfolégicas como diminuicdo do
tamanho, fragmentacao do DNA e altera¢gdes das membranas, que por fim geralmente
sdo fagocitadas por células especializadas, como por exemplo, os macrofagos

(CAROU et al.,, 2015). Os capilares sanguineos sdo os primeiros a sofrerem o



processo de degeneragdo, causando a protrusao das células endoteliais em diregao
ao lumen, <causando sua fragmentacdo e completa desintegracéo
(KNICKERBOCKER; WILTBANK; NISWENDER, 1988). As alteragbes de diametro do
CL podem ser observadas por imagens ultrassonograficas a partir de 12 horas apos
o inicio da liberagao da PGF2a (ACOSTA et al., 2002b)

O processo de apoptose possui duas principais vias de ativagao: extrinseca
(mediada por receptores) ou intrinseca (mediada por via mitocondrial, intracelular). A
via intrinseca € iniciada a partir de uma situacdo de estresse, como por exemplo
hipoxia sofrida pela célula, alterando a atividade mitocondrial levando o citocromo C,
a ligar-se a fatores apoptéticos ativadores de proteases e procaspase-9, levando a
ativacao da caspase-9. Ja a sinalizacao da via extrinseca ocorre por meio da ativagao
dos chamados “receptores de morte” o Fas ligand e Fator de necrose tumoral (TNF —
tumoral necrose factor). Esses receptores irdo fazer a ativagédo da caspase-8. As
caspases sao pertencentes a uma familia de cisteina-proteases, que estao presentes
nas células de forma inativada (TIZARD, 2014). Os fins de ambas as vias apoptéticas
levam a ativagdo das caspases efetoras, que sao as caspases-3, 6 e 7 (GRIVICICH,;
REGNER; DA ROCHA, 2007; STOCCO; TELLERIA; GIBORI, 2007).

A participacdo da caspase-3 na reproducao foi observada in vitro em células
luteais de camundongos (CARAMBULA et al., 2002), demonstrando que essa
molécula teve relagao positiva no processo de apoptose, sendo observada nenhuma
OU pouca expressao em animais que nao apresentaram processos apoptéticos. Em
bovinos, a participagcao das caspases foi demonstrada no CL por Nishimura e
colaboradores (2008), resultando em maior atividade da enzima da caspase-3 quando
colocadas sob baixa tens&o de oxigénio, comparada com células em alta tenséo,
confirmando a participagao da caspase-3 no processo apoptético do CL. Yadav et al
(2005), por meio de PCR em Tempo Real (QPCR), demonstraram aumento de mRNA
da caspase-3 durante a lutedlise induzida em ovinos por meio de PGF2a exdgena,
com isso podemos ressaltar a caspase 3 como um importante marcador luteolitico.
Durante o processo de apoptose também ocorre um alto influxo de células imunes,
como macréfagos e leucécitos que irdo promover respostas inflamatérias e, assim,
aumento de fatores quimiotaticos (MURDOCH, 1987). MiRNAs com fungdes

regulatorias de recrutamento de células imunes foram encontradas em CL de



ruminantes durante a fase de diestro e regressao luteal, demonstrando a possivel
atuacao dessas moléculas controlando o processo lutedlitico (GECAJ et al., 2017;
HOSSAIN et al., 2009; MCBRIDE et al., 2012).

2.4.Inducao Exégena da Lutedlise

Com o maior conhecimento sobre a agao fisioldgica da PGF2a no processo de
regressao luteal, pesquisadores iniciaram estudos usando a PGF2a como ferramenta
para biotecnologias, possibilitando o desenvolvimento de protocolos de sincronizagao
de estro (PURSLEY; MEE; WILTBANK, 1995). Entre as PGF2a comumente utilizadas,
0 analogo natural é o dinoprost trometamina (DT), possuindo uma meia-vida curta (7
a 8 minutos) devido ao seu alto metabolismo (KINDHAL; LINDELL, ; EDQVIST, 1981),
sendo sua dose recomendada maior (25mg) comparada aos farmacos sintéticos. O
analogo sintético mais utilizado € o cloprostenol sodico (CS) que, ao contrario do
natural, tem meia-vida longa (aproximadamente 3 horas, (REEVES, 1978),
possibilitando agdo mais duradoura no organismo (BOURNE et al., 1980), com menor
dose (500uQ).

O interesse em ajustar os protocolos foi constante, como a alteragado da via de
administracao, redugao da dose utilizada e também qual seria o composto utilizado.
Colazo e colaboradores (2002) analisaram o uso de cloprostenol sodico utilizando a
dose recomendada pelo fabricante, comparando as vias de administragao
intramuscular (IM) e via subcutédnea (SC). Também foi comparada com a via
intravenosa (V) por Stevens et al. (1995) e com a via submucosa intravulvar (IVSM)
por Meira et al (2006), contudo ambos nao tiveram diferenca na taxa de lutedlise
quando comparada com a administragao IM.

Com as vias de administracdo compreendidas, manipulagdes da dosagem
utilizada para provocar a lutedlise foram testadas. Comparando a via IVSM e IM
quando se utilizou dose reduzida de CS, as taxas de prenhez n&o diferiram (CHACUR
et al.,, 2010; GIOSO et al., 2005; MEIRA et al., 2006). No estudo de Meira e
colaboradores (2016), quando se comparou a utilizagao do dobro da dose com 50%
da dose recomendada em vacas Nelore, ndo se observou diferenga na regressao do
CL quando utilizado no diestro. Contudo, quando foram realizados estudos utilizando

25% da dose recomendada, apenas ocorreu lutedlise parcial (GRANADOS-



VILLARREAL et al., 2017; MEIRA et al., 2006; TREVISOL et al., 2015). Este resultado
também foi encontrando por Ginther et al (2009) quando trataram novilhas holandesas
pelas vias de administracao IV e intrauterina com subdosagem de prostaglandinas.

O termo “lutedlise parcial” foi primeiramente utilizado por Stellflug e
colaboradores (1977), quando se observou a dindmica das concentragbes de
progesterona com aplica¢des de diferentes doses de PGF2a. Os animais que apés os
tratamentos ndo permaneceram com niveis séricos abaixo de 1,0 ng/mL, ndo tiveram
a regressado total do CL. Resultados como este foram encontrados quando a
administragcao das prostaglandinas foi realizada em fases diferentes do ciclo estral.
Quando administrada no metaestro, a fungao luteolitica do farmaco nao foi observada
(SENGER, 2003). Nascimento et al (2014) demonstraram essa mesma refratariedade
em vacas leiteiras aplicando duas doses de PGF2a no 5 dia apds ovulagéo.

A refratariedade do CL a PGF2a no metaestro ndo se da pela auséncia de
receptores de PGF2a (PGFR), pois a expressdao de RNAm de PGFR se mantém
durante toda a vida do CL (TSAI; WILTBANK, 1998). Shirashuna e colaboradores
(2012) também obtiveram resultados onde foi comprovada a presenga desses
receptores no inicio do ciclo estral, contudo, observaram aumento do RNAmM com o
avancar do ciclo estral. Pesquisadores associaram essa refratariedade a presenca em
maior quantidade da enzima catalizadora de PGF2a (15-hydroxyprostaglandina
dehydrogenase - PGDH) no inicio do ciclo estral (MIYAMOTO; SHIRASUNA;
SASAHARA, 2009), ressaltando ainda mais a complexidade e cascata de eventos nédo
totalmente elucidados a respeito do processo de lutedlise do CL.

Quanto aos analogos da PGF2a, o estudo demonstrou diferengas nos quais o
analogo natural, DT, teve uma resposta mais eficiente em protocolos de transferéncia
de embrides (DONALDSON, 1984). Contudo o uso do farmaco sintético CS
demonstrou melhores resultados na taxa de prenhez apds o uso na sincronizacao do
ciclo estral (PURSLEY et al., 2012; STEVENSON; PHATAK, 2010). Em cultivo in vitro
de células luteais os compostos sintéticos promoveram maior influxo de calcio
intracelular, apoptose e contratilidade da artéria ovariana (KORZEKWA et al., 2014).
Entretanto, outros pesquisadores encontraram resultados similares com a inducao de
estro, taxa de concepcao e taxa de servico por concepgao quando compararam 0s
analogos DT e CS (DONALDSON, 1984; ETHERINGTON; KELTON; ADAMS, 1994;
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SALVERSON et al., 2002). At¢é o momento nédo foram encontrados registros se ha
diferenga em locais de a¢des ou vias entre os analogos da PGF2a, apesar dos estudos
testando suas eficiéncias. Em sintese, podemos observar que mesmo com todo o
progresso obtido nos ultimos anos em se compreender o processo de regresséo do
CL, ainda s&o necessarios mais estudos com o objetivo de esclarecer as vias ativadas

durante esse complexo processo.

2.5. miRNAs e fungodes regulatoérias

Com os avangos da biologia molecular, cada dia mais estudos estdo sendo
realizados para ajudar a elucidar processos por meio de alteragdes moleculares. Um
estudo conduzido por Mondal e colaboradores (2011), usando a técnica de analise de
micro-arranjos, mostraram que o uso de PGF2a em diferentes fases (metaestro e
diestro) do CL bovino influencia diferentes genes e fatores de transcricdo, com maior
expressao de genes relacionados ao recrutamento de células imunes e respostas
inflamatorias quando a PGF2a foi administrada no diestro. Outro fato encontrado foi
que ha maior ativagdo de genes quando a PGF2a foi administrada no metaestro.

No inicio deste século foram descobertas moléculas com fungdes regulatorias
pos-transcricionais, os microRNAs (miRNAs). Os miRNAs sdo pequenas moléculas
de RNA que possuem em média 22 nucleotideos e s&o responsaveis pelo
silenciamento da expressao de mRNAs, regulando a produgéao de proteinas (BARTEL,
2004; KROL et al., 2010). Ao analisar miRNAs em CL de vacas durante todo o ciclo
estral, Hossain e colaboradores (2009) conseguiram identificar miRNAs, utilizando
meétodo de sequenciamento e posterior deteccao utilizando RT-PCR, que estdo mais
Oou menos expressos e alguns dos genes sobre os quais atuam. Contudo, n&o
obtiveram muitas respostas do papel dessas moléculas no metaestro e diestro. Por
outro lado, Maalouf et al.(2016) trabalhou com amostras de ovario de vacas no
metaestro e diestro, observaram diferengas no perfil de miRNA encontrados, obtendo
MiRNAs especificos para cada fase, obtendo, por meio de cultura de células in vitro,
alteragdes na producao de P4 e agbes mitogénicas das células luteais.

Uma recente pesquisa realizada com novilhas taurinas superovuladas com CL
obtidos nos dias 7 e 15 do ciclo, compararam a relagao entre tamanho/volume do CL,

com a quantidade de P4 e a relagao da presengca de miRNA influenciando em duas
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enzimas percursoras da progesterona (CYP11A1 e STAR). Demonstrando que um
cluster dos miR-183-96-182 é responsavel pela regulagéo esteroidoigénica do CL. A
relagao entre volume/tamanho com a producgao de P4 foi a esperada, contudo, foram
encontrados miRNA diferencialmente expressos de acordo com a quantidade de
enzimas, evidenciando que, com o tempo, os miRNA do CL vdo mudando a expressao
e/ou presenca (DONADEU et al., 2020). Ha& também comprovacgdes sobre o efeito de
miRNAs no gene responsavel pela produgéo de receptores de ocitocina nas células
luteinicas (OXTR). Pesquisadores coletaram amostras de CL em quatro fases: inicial
(D1-D4), meio do ciclo (D5-D10), em regressao (D11-D16) e em degeneragao (D17-
D21) de vacas da raga Simental. Os resultados obtidos foram que a presenca do miR-
29b é diferentemente expresso durante as fases, promovendo redug¢ao na expressao
do OXTR, modulando assim a produgao de P4 e fungéo do CL (XU et al., 2018). Outro
estudo realizado com o objetivo de identificar fungdes do miRNA na regressédo ou néo
dos CL, possibilitou indicar o miR-378 associado com o processo de apoptose (MA et
al., 2011).
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ABSTRACT

The objective of the present study was to investigate the processes related
to the administration of different prostaglandins (sodium cloprostenol - CS and
dinoprost tromethamine - DT) using 100% and 50% of the recommended dose,
during metestrus and diestrus (4 and 11 days after ovulation (D0), respectively).
The following features were analyzed: luteal dynamics, CL vascularization,
quantification of pixels in CL blood perfusion and serum progesterone (P4)
measurement (Exp.1) and luteal cell morphometry, numerical value of pixels
(NVP) and heterogeneity associated to CL caspase-3 immunostaining, P4 and
microRNA (miRNA) expression (Exp.2). In Exp. 1, 44 females had synchronized
ovulation and received the following treatments: D4 (CS50% n=5; CS100% n=
5; DT50% n=5; DT100% n= 5) and D11 (CS50% n=7; CS100% n= 5; DT50%
n= 6; DT100% n= 6). In Exp. 2, 23 females were synchronized, allocated to
treatments: D4 (CS 50%, n=3; CS 100%, n=3; DT 50%, n=3; DT 100%, n=3) and
D11 (CS 50%, n=3; CS 100%, n=3; DT 50%, n=3; DT 100%, n=2) and were
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slaughtered two days later. Data were analyzed by ANOVA in a factorial
arrangement (2x2, in Exp. 1 and Exp. 2) with repeated measurements over time
(except for morphometry and immunostaining) and Tukey's test, with significance
at < 5%. The miRNA analysis was descriptive. At metestrus, there was an initial
reduction in P4, regardless of the drug used and dose used, returning its
steroidogenic capacity after 96h (Exp.1). When 100% was used, there was a
decline in P4 and a reduction in CL blood perfusion. When 50% of the dose and
DT were used, a greater reduction in the area of small luteal cells was observed,
while the 50%DT treatment had a greater heterogeneity. CS100% had a greater
reduction in P4 (Exp.2), higher NVP, indicating a luteolytic process. In the diestrus
phase, both 50% and 100% of the dose of both PGF2a decreased the serum
level of P4, vascularization, blood perfusion, and CL size (Exp.1). DT and 100%
dose achieved greater reduction of large luteal cells. The DT100% treatment had
lower NVP, while CS100% in higher heterogeneity. It was possible to identify 18
unique miRNAs in metestrus, none in diestrus and 5 in common when 50% of the
dose was used, regardless of PGFa. With 100% of the dose, none were found in
metestrus, 8 miRNAs in diestrus and 17 miRNAs in common. The administration
of luteolytics in D4 was suggestive of partial luteolysis when 100% of the dose
was used. Administration on D11 was efficient in inducing complete luteolysis,
using 50% or 100% of the recommended dose, regardless of the drug.

Key Words: corpus luteum, miRNA, PGF2a, luteolytic pathways

1. INTRODUCTION

The luteolysis process, crucial to promote a new ovulation, occurs due the
action of prostaglandin F2a (PGF2a). If pregnancy does not occur around the
17th day after ovulation, the pulsatile release of PGF2a begins in the
endometrium, which will promote luteolysis [1]. Luteolysis can be classified as
functional and structural, which occurs due to the decline in progesterone levels
(P4) and when there is a reduction in the size of the corpus luteum (CL),
respectively [2,3]. With the advances of reproductive biotechnology, the use of
PGF2a analogues has become important. The most popular analogues are
cloprostenol sodium (CS) and dinoprost tromethamine (DT). Several authors
have observed similarity between these compounds in estrus induction,
conception rate and services per conception [4-6]. However, other researchers
have demonstrated differences between them, such as greater efficiency of DT
in inducing luteal regression [4] and higher pregnancy rate when using CS in
estrous synchronization [7,8]. Due to similar results using different types of
PGF2aq, studies were initiated to evaluate the luteolytic efficiency when different
doses were used. It was observed that twice the dose recommended by the
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manufacturer (200%) was equally efficient in CL regression when compared to
the use of 50% of the recommended dose in diestrus. However, when less than
25% of the recommended dose was used, only partial luteolysis occurred[9,10].

The phase of the estrous cycle in which the PGF2a analogue is
administered has also been studied. Although studies demonstrate the presence
of PGF2a receptors on steroidoigenic cells in the CL in the metestrus phase (up
to the 5th day after ovulation), there is no regression of the CL when PGF2a is
administered [11]. However, when PGF2a is administered in the diestrus phase,
complete luteal regression can be observed [9,12,13].

PGF2a is just one of multiple factors that participate in the luteolysis
process. Other factors such as oxytocin, estradiol, angiogenic factors (VEFG and
FGF) and vasoactive factors (endothelin-1 (ENDT1), nitric oxide (NO) and
angiotensin |l) are relevant to the luteolytic process, to promote cell apoptosis
(reviewed by [14]). Apoptosis is a process characterized by the death and
remodeling of the cellular matrix (reviewed by [15]), governed by the intrinsic and
extrinsic pathways. When cellular stress occurs, such as hypoxia, the intrinsic
pathway is activated, releasing pro-apoptotic molecules through mitochondria.
The extrinsic pathway is activated by specific ligands in tumor necrosis receptors
(rTNF) and then caspase cascades are activated, which play an important role in
CL apoptosis[15,16].

All these processes, both formation, activation of the luteolytic process and
regression, are modulated by genes and proteins, but appear to also be regulated
by microRNAs (miRNAs) [17,18]. miRNAs are small, non-coding RNA molecules
that regulate pathways by modulating protein translation [19]. Studies have
demonstrated differences in the expression of various miRNAs between diestrus
and metestrus phases [20]. Recently, the relationship between mir-29b and
modulation of P4 production [21] and miR-378 with apoptotic processes [22] was
found. However, it has not yet been possible to associate which miRNAs are
regulating pathways under different conditions of luteolytic induction.

Therefore, the objective of the present study was to evaluate the
functional, structural and molecular changes of the CL after the administration of
two analogues and two different dosages of PGF2q, in the metestrus and diestrus

phases.
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2. MATERIAL AND METHODS

All procedures were approved by the Animal Use Ethics Committee of the
Universidade Estadual Paulista “Julio Mesquita Filho” — UNESP Jaboticabal
(protocol no. 006001/18).

This article is a compilation of co-authored data, so the methodology is

based on master's thesis of Nascimento (2019)[23].
2.1.Experiment 1

2.1.1. Animals

Fourty four bovine females, Nelore and crossbreeds, nulliparous and
multiparous, with an average age of 35.0 £ 2.1 months and an average weight of
392.3 + 8.2 kg were used. Only cyclic non-lactating females were selected
(confirmed by two evaluations ultrasound examinations at a 10-days interval,
prior to the beginning of the experiment), with a body condition score (BCS) 22.75
(on a scale of 1 to 5) [24], from the Jodo Martins farm, Guatapara — SP (21029'48”
S-48°02'16" W).

The animals were kept in Brachiara brizantha pasture with free access to

water and mineral supplementation.

2.1.2. Experimental Design

The design was completely randomized, with a factorial arrangement of
treatments: 2 (PGF2a analogues: dinoprost tromethamine and cloprostenol
sodium) x 2 (PGF2a doses: 50% and 100% of the dose recommended by the
fabricant) at two different moments of the estrous cycle: metestrus (D4) and
diestrus (D11); considering day 0 as the day of ovulation)

The study was carried out in two replicates, with an interval of 77 days.
Prior to the beginning of treatments with prostaglandins, ovulation was
synchronized with a protocol based on estrogen and progesterone, to obtain two
simultaneous groups of animals, referring to metestrus (D4) and diestrus (D11)
groups. On D-11, 2mg of estradiol benzoate and an intravaginal progesterone
device were administered. The device was removed and estradiol cypionate and

sodium cloprostenol were administered seven days later. From 60 hours after
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removal of the intravaginal device, ultrasound monitoring was carried out every
12 hours , to include in the study only animals ovulated between 72 and 84 hours.
After confirming ovulation, the animals were randomized according to BCS (mean
3.11 £ 0.04), breed and CL diameter (mean 1.62 £ 0.04 cm), to receive the
following treatments: D4 (CS50% n=5; CS100% n=5; DT50% n=5; DT100% n=
5) and D11 (CS50% n=7; CS100% n=5; DT50% n=6; DT100% n= 6).

2.1.3. Blood sampling and P4 analysis

Blood samples (10 mL) were collected by puncture of the jugular vein using
vacuum tubes without anticoagulant (Vaccutainer®, BD, Franklin Lakes, NJ,
USA). Samples were collected before treatment with PGF2 (0 h), 8, 24, 48, 72
and 96 h later, centrifuged at 2086 x g for 15 minutes, aliquoted in duplicate in
2.0 mL microtubes (Eppendorf ®) and immediately stored in a freezer at -20°C
until analysis. P4 measurement was carried out at the Animal Endocrinology
Laboratory of the Faculty of Veterinary Medicine of the Universidade Estadual
Paulista — Aracatuba Campus. Serum progesterone concentrations were
determined using a commercial bovine radioimmunoassay technique kit (ICN
Pharmaceuticals, Inc., Costa Mesa, CA, USA). The limit of quantification and
detection was 0.290 and 0.068 ng/mL, respectively. The intra- and inter-assay

coefficient of variation was 7.17% and 11.74%, respectively.

2.1.4. Ultrasonographic Evaluations and Computerized Analysis of the CL

Ultrasound assessments were performed to detect the time of ovulation,
as described in item 2.1.2, using B mode. To evaluate luteal dynamics, B mode
and the Color Doppler function were used, starting before treatment with PGF2
(0 h), 24, 48, 72 and 96 h later. All measures were performed by the same
operator, using a portable ultrasound device (Z5 VET with 5MHz linear
transducer, Mindray Medical International, China).

The CL area was calculated using the B-mode trace function. For
evaluations using the Doppler function, the device transducer was configured
with a frequency of 5.0 MHz, constant color gain settings (70), wall filter (309)
and blood flow detection speed (5 cm/sec). Vascularization scores were
estimated at the time of the evaluations, following the classification below,
adapted from the criteria described by Pugliese et al. (2017) [25]: CL
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vascularization - score 0: absence of colored signs in the CL, score 1: filling up
to 25% of the CL with colored signs; score 2: filling 26 to 50% of the CL with
colored signs; score 3: filling 51 to 75% of the CL with colored signs; score 4:
filling 76 to 100% of the CL with colored signs.

To analyze the variables obtained from the ultrasound evaluations,
individual videos of each CL were recorded, lasting 5 seconds, using the cineloop
function. The recorded videos captured both with B-mode and Doppler images,
comprising sections that exhibited the largest diameter and maximum
vascularization of the CL. All images were analyzed using the Image J 1.50e
computer program (National Institutes of Health), by which the total number of
pixels and the number of pixels in the vascularized area of the CL were obtained.
By obtaining these two values, it was possible to calculate the CL vascular
perfusion percentage, using the following formula: % vascular perfusion = (n of

colored pixels/total number of pixels) x 100.
2.2. EXPERIMENT 2

2.2.1. Animals

Twenty-three Nelore and crossbreed females, with average age of 54.0 +
3.0 months and average weight of 492.2 + 17.2 kg were used. Only cyclic non-
lactating females were selected (confirmed by two ultrasound evaluations in a 10
days interval, before the beginning of the experiment), with a body condition
score (BCS) 22.75 (on a scale of 1 to 5) [24].

The animals were maintained with the same nutritional treatment and

location as the animals in 2.1.1.

2.2.2. Experimental Desing

The selection and ovulation synchronization criteria for the distribution of
treatments were the same as those described in 2.1.2.. The day of ovulation was
considered as DO. Four (D4) or eleven (D11) days after ovulation, the animals
were randomized according to BCS (mean 3.66 + 0.02), breed and CL diameter
(mean 1.44 + 0.07 cm) and distributed in the following treatments: D4 (CS 50%,
n=3; CS 100%, n=3; DT 50%, n=3; DT 100%, n=3) and D11 (CS 50%, n=3; CS
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100%, n=3; DT 50%, n=3; DT 100%, n=2). The females were slaughtered 48

hours after the treatments.

2.2.3. Ultrassonographic Evaluations

Ultrasound evaluations were performed to detect the time of ovulation and
to randomize the experimental groups immediately before treatment with PGF2

(0 h; Figure 2), as described in 2.1.3, using B mode.

2.2.4. Blood Sampling and P4 Analysis

The sample collection, processing and storage procedures, as well as the
determination of progesterone concentrations, were carried out as described in
2.1.4. Samples were collected before treatment with PGF2a (0 h) and 24 h later.
The limit of quantification and detection was 0.290 and 0.068 ng/mL, respectively.
The intra- and inter-assay coefficient of variation was 7.17% and 11.74%,

respectively.

2.2.5. Ovary collection

After slaughtering the animals, the ovary containing the CL was removed
and divided into two parts for further analysis. One part was placed in a universal
collection bottle containing 10% paraformaldehyde solution (PAF) pH 7.0, for
immunohistochemistry analysis, and the other in microtubes stored in liquid

nitrogen, for miRNA expression analysis.

2.2.6. Corpus luteum preparation and immunohistochemistry slides

confection

The material was processed at the Histopathology Laboratory of the
Department of Pathology, Theriogenology and One Health at the Universidade
Estadual Paulista — Jaboticabal Campus. The corpus luteum was isolated,
fractionated and the obtained fragments were stored in PAF for up to 72 h and
then washed with PBS solution pH 7.5. Subsequently, the tissues were
dehydrated in a sequence of alcoholic solutions in gradual and increasing
concentrations (70%, 90%, Absolute and Xylol) and were “embedded” in paraffin.
The blocks were subjected to continuous cuts with a thickness of 5 ym using a
microtome (SLEE, cut 6062) on silanized slides. The methodology for preparing
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slides for immunohistochemistry was adapted from Bertolo [26]. The slides were
rehydrated in alcoholic solutions with decreasing concentrations (Xylol, Absolute,
90% and 70%) and then the tissues were deparaffinized in an oven at 60°C for
one hour and, subsequently, hydrated again in alcoholic solutions with
decreasing concentrations, as mentioned above, until washed in distilled water.
Immunohistochemical analysis for apoptosis was performed with rabbit
anti-caspase-3 primary polyclonal antibody (Abcam, Code ab4051). Antigen
recovery was performed by heat in a steam cooker (Philips Walita), with a citrate
solution pH 6.0, for 40 minutes. Then, the slides were kept for 20 minutes at room
temperature. After this period, endogenous peroxidase was blocked with a
solution of methanol (Synth) and hydrogen peroxide (30 volumes, Synth) at 8%,
for one hour, at room temperature and in a place protected from light. To block
non-specific proteins, a commercial product (Protein Block, DakoCytomation,
Code X0909) was used for one hour in a humid chamber at room temperature.
Additionally, blocking was carried out with 8% skimmed milk powder (Molico,
Nestlé), for one hour, in a dark humid chamber at room temperature. The primary
antibody was incubated at a dilution of 1:200 for 18 h at 4° C. After that, the
tissues were incubated with the peroxidase-linked polymer complex (Advance
HRP kit, DakoCytomation, Code K4068). Between each of the steps described,
baths were carried out in distilled water and in Tris HCI buffer solution, pH 7.4.
To visualize the reaction, the chromogen DAB (3,3-diaminobenzidine —
DakoCytomation, Code K3468-1) was used. The tissues were counterstained
with Harris Hematoxylin and the mounting medium used was Entellan (Merck).
As a positive control for the reaction, a dog lymph node was used. The negative
control was performed with antibody diluent (DakoCytomation, Code S3022),

replacing the primary antibody.

2.2.6.1. Morphometric Evaluation of Luteal Cells

The morphometric evaluation of luteal cells was performed from
immunohistochemistry slides, using Image Pro Plus software (Media
Cybernetics). The area (um2) of 100 large luteal cells and 100 small luteal cells

on each slide was analyzed [26].
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2.2.6.2. Evaluation of caspase activity by pixel counting on

immunohistochemistry slides

Immunohistochemistry slides were prepared containing six sections from
each ovary, five quadrants were analyzed from each slide, totaling 30 fields. The
slides were analyzed using an optical microscope (IX70, Olympus Corporation,
Japan), using 40x magnification and quantification of pixels of immunostained
cells carried out using Image Pro plus® software (version 1.51p) (Appendix 2), in
which obtained the variables NVP (numeric value of pixels) and heterogeneity
(standard deviation of NVP).

2.2.7. microRNAs Analysis

After slaughter, the remaining portion of the CLs were kept in cryotubes
immersed in liquid nitrogen, for subsequent analysis of microRNAs at the
Laboratory of Molecular Morphosiology and Development (LMMD) — University
of Sdo Paulo — Pirassununga — SP. Thirty-nine miRNAs were chosen for the
present study (Appendix 1) based on their regulatory functions, such as
angiogenesis, apoptotic pathways and recruitment of immune cells, in
accordance with the literature. All protocols used in this experiment were carried
out according to the manufacturer's instructions and described by Ferronato and
collaborators (2023).

For extraction and purification of total RNA from CLs, 1mL of Trizol®
reagent (Invitrogen, Carlsbad, United States) was used after maceration of the
CLs. The separation phase occurred using 200uL of chloroform (Invitrogen,
Carlsbad, United States) with centrifugation at 12,000xg at 4 °C for 15 minutes.
RNA extractions from CL samples were performed using 700 pl of isopropyl
alcohol with a first centrifugation of 12,000xg at 4°C for 30 minutes. Then, 1mL
of 75% alcohol was added and a new centrifugation at 20,000xg for 5 minutes
was performed. After centrifugation, the supernatant was discarded and the pellet
was resuspended in distilled water for quality analysis. To analyze RNA quality
and concentration, a spectrophotometer (NanoDrop™ One/OneC; Thermo
Fisher Scientific, Maryland, United States) 260:280 was used. After analysis, the
samples were treated with DNasel (Invitrogen, Carlsbad, United States).

For reverse transcription, cDNA formation was obtained with the

commercial miScript® RT kit (Qiagen, Hilden, Germany) with 10x miScript HiFlex
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Buffer. The reactions were performed using 10ul, containing 200ug of total RNA,
2ul of 5xHiFlex Buffer, 1ul of the nucleic acid mix and 1ul of the reverse
transcriptase enzyme. Transcription reactions were conducted using a
thermocycler (ProFlex PCR System - Thermo Fisher Scientific, Maryland, United
States), where it remained at 37°C for 60 minutes followed by an increase in
temperature to 95°C for 5 minutes.

Reverse transcription analysis and quantification of miRNAs were
performed with RT-PCR, which were performed with the miScript SYBR® Green
commercial kit (Qiagen, Hilden, Germany). Reactions were performed with a total
volume of 5 yl consisting of 3pl of QuantTect SYBR Green PCR Master mix, 0.6
pl of 10x miScript Universal Primer, 1.37 pl of RNAse water, 0.03 ul of 10x cDNA,
and 1 pl of 10mM specific primers for the chosen miRNAs, previously used by
Avila [27] (Appendix 1). Amplifications were performed using StudioTM 6 Flex
equipment (Thermo Fisher Scientific, Maryland, United States). The reactions
activating DNA polymerase were carried out with an initial incubation of 95°C/15
min and 45 cycles of 94°C/15', §5°C/30' and 70°C/30'. Amplification efficiency
was evaluated based on CT and melting curve. Samples below the CT after 37
cycles were eliminated from analysis. Samples were normalized using the miR-
99b CT and data were normalized by the formula 2--ACt +SEM, as described by
Ferronato [28]. The miRNAs were analyzed as present and absent within the
dose variable groups (50% and 100%). The miRNAs that were exclusive to each
group, that is, present in only one of them, were used to profile the miRNAs in

each phase of the estrous cycle.

2.3. Statistical analysis

The design of Experiment 1 was completely randomized with a 2 (types of
PGF) x 2 (doses) factorial arrangement with repeated measurements over time,
in each phase of the estrous cycle (metestrus and diestrus). Fixed effects of type
and dose of PGF2q, time after treatment administration, as well as interactions
were included in the model.

Experiment 2 had the same design as Experiment 1, with measurements
being repeated over time only for the progesterone variable. The main effects of
PGF types and dose were considered in the model, as well as the interactions

between these factors.
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Breed, category, repetitions, animal and ECC were included as random
effects for both experiments.

Data from both experiments are represented by the mean adjusted by LS
Means * standard error of the mean. ANOVA followed by Tukey's test (SAS
Institute Inc., Cary, NC, USA) was used with significance at <0.5.

The miRNAs were analyzed as present and absent in each animal at the
dose variable. The miRNA present in five or more samples in groups with 6
animals and present in 4 or more samples in groups with 5 animals was classified
as present. MiRNAs that did not qualify as present were classified as absent.
Exclusive miRNAs, that is, only present in one group, were used to outline the

molecular profile of each phase of the estrous cycle according to the dose used.

3. Results
3.1.Experiment 1

3.1.1. Metestrus

P values of the main effects and interactions are shown in Table 1.

Table 1. P values for corpus luteum variables analyzed in Experiment 1, phase -
metestrus, according to main effects and interactions.

Variables PGF Dose Time PGF*Dose PGF*Time Dose*Time PGF*Dose*Time
Area (cm?) 0.05 0.03 <.01 0.51 0.94 0.64 0.99
VP (%) 0.09 0.02 0.047 0.71 0.61 0.36 0.36
Vascularization of CL  0.01 0.62 0.08 0.23 0.69 0.26 0.89
P4 (ng/ml) 0.35 <.01 0.046 0.54 0.99 0.14 0.87

Note: VP (vascular perfusion); P4 (serum progesterone)

In the ultrasonographic morphological variable of area, results of main
effects of dose and time were obtained. Regarding dose effect, a smaller area
was obtained when 100% of the recommended dose was used (Figure 1A).
Concerning time effect, the area declined 48 hours after treatment administration,
independent of drug and dose, remaining similar until 96h (Figure 1B).

Evaluating the percentage of vascular perfusion (VP%) using Doppler
mode, a main effect of dose was also observed. A lower VP% was obtained when

100% of the recommended dose was used (Figure 2).



34

In the CL vascularization, a main effect of PGF2a was observed; a lower
general vascularization of the CL was observed when DT was used, regardless

of dose and time (Figure 3).
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Figure 1. Area dynamics according to the main effect of dose (A) and time (B) in
the metestrus phase. Values followed by different letters are significant (P <
0.05).
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Figure 2. Effect of dose on the vascular perfusion variable; Values followed by
different letters are significant (P= 0.02).
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Figure 3. Dynamics of CL vascularization according to the main effect of PGF2a
in the metestrus phase; Values followed by letters are significant (P = 0.01).

For progesterone levels, a dose effect was observed; when 100% of the
recommended dose was used, lower serum progesterone levels were obtained
(Figure 4A). Although not statistically significant, a numerical decline, (below
1ng/mL) in the first 48 hours was observed however returning to values above
1ng/mL after 96 hours (Figure 4B).
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Figure 4. Dynamics of serum progesterone concentration according to the main
effect of dose on the metestrus phase (A) and time (B); Values followed by
different letters are significant (P < 0.05).
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3.1.2. Diestrus

P values of the main effects and interactions are shown in Table 2.

Table 2. P values for corpus luteum variables analyzed in Experiment 1, phase -
diestrus, according to main effects and interactions.

Variables PGF Dose Time PGF*Dose PGF*Time Dose*Time PGF*Dose*Time
Area (cm?) 043 0.13 <.01 0.25 0.86 0.96 0.95
VP (%) 0.41 0.77 <.01 0.12 0.86 0.3 0.22
Vascularization of CL  0.23 0.21 <.01 0.24 0.9 0.19 0.05
P4 (ng/ml) 0.85 0.41 <.01 0.57 0.92 0.58 0.87

Note: VP (vascular perfusion); P4 (serum progesterone)

The main effect of time occurred in all diestrus variables. Area declined
from 24h to 96h (Figure 5A). The vascularization variables (VP% and CL
vascularization) declined in the first 24h and 48h, maintaining similar values until
96h (Figure 5B and 5C, respectively).

In serum progesterone levels, a greater decline was also observed in the

first 24 hours and remained constant until 96 hours (Figure 5D).
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Figure 5. Dynamics of the area (A), vascularized area (B), CL vascularization (C)
and serum progesterone (D) according to the main effect of time in the diestrus
phase. Values followed by letters are significant (P < 0.01).
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3.2. Experiment 2

3.2.1. Metestrus

The P values of the main effects and interactions are presented in Table

Table 3. P values for each variable analyzed in Experiment 2 of metestrus,
according to main effects and interactions.

Variables PGF Dose Time PGF*Dose PGF*Time Dose*Time PGF*Dose*Time
P4 (ng/mL) <.01 0.23 <.01 <.01 0.46 0.63 0.25
SLC Area <.01 <.01 - 0.05 - =
LLG Area <.01 <.01 - <.01
NVP 0.37 <.01 - <.01
Heterogenity 0.43 <.01 - <.01

Note: P4 (serum progesterone); SLC (small luteal cells); LLG (large luteal cells);
NVP (numerical value of pixels).

In Experiment 2, during metestrus, there was also an interaction between
dose*PGF2a, so that animals treated with DT50% obtained a higher level of
serum progesterone, compared to all other treatments (p<0.01; Figure 6A). In this
same variable, the main effect of time was significant for serum progesterone

dosage, with a decline occurring between 0Oh and 24h (p<0.01; Figure 6B).
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Figure 6. Dynamics of serum progesterone concentration according to dose
interaction with PGF2a (CS50%: n=3, CS100%: n=3, DT50%: n=3, DT1005: n=3)
(A) and to the main effect of time (A). Values followed by letters are significant (P
<0.01).

In the morphometry analysis, SLC was affected by dose and PGF, with the
smallest areas found when using 50% (p<0.01; Figure 7A) of the dose and when
using DT (p<0.01; Figure 7B). In LLC, an interaction between PGFa *dose was
found, with a smaller area obtained after treatment with CS100% (p<0.01; Figure
7C).

For NVP, the lowest value occurred in the CS100% group, followed by
DT50% and the highest value was in the CS50% group. The DT100% group did
not differ from DT50% and CS100% (p<0.01; Figure 7D). With the heterogeneity
variable, there was also an interaction between PGF2a*dose, all treatments were
different from each other (p<0.05), the two extremes were found in DT, obtaining
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higher values when 50% was used and lower values when 100% was
administered (Figure 7E).
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Figure 7. Plots of the main effect of PGF2a (A) and dose (B) on the SLC area
variable; and interactions between dose and PGF2a in the variables of LLC area
(C), NVP (D) and heterogeneity (D). N of groups: CS50%=3; CS100%=3;
DT50%=3; DT100%=3. Values followed by differents letters are significant (P <
0.05).

3.2.2. Diestrus

The P values of the main effects and interactions are presented in Table
4.

Table 4. P values for each variable analyzed in Experiment 2 of diestrus,
according to main effects and interactions.

Variables PGF Dose Time PGF*Dose PGF*Time Dose*Time PGF*Dose*Time
P4 (ng/mL) 0.53 0.65 <.01 072 0.99 0.38 0.28
SLC Area <.01 <.01 - <.01 - - -
LLG Area <.01 0.03 = 0.19 = = =
NVP 0.68 0.5 - 0.02 - - -
Heterogenity <.01 0.21 - 0.83 -

Note: P4 (serum progesterone); SLC (small luteal cells); LLG (large luteal cells);
NVP (numerical value of pixels).
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During diestrus, there was a decline in P4 levels between Oh and 24h (p<0.05,

Figure 8)
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Figure 8. Dynamics of serum progesterone concentration according to the main
effect of time in diestrus. Values followed by letters are significant (P < 0.05).

In the CL morphometry analysis, SLC showed an interaction between
PGF2a and dose (p<0.01). A larger area was observed when the DT100%
treatment was used, followed by CS50% and, finally, CS100% and DT50%, which
did not differ from each other (Figure 9A). In LLC, two main effects were obtained,
dose (p= 0.03) and PGF2a (p<0.01). A smaller area was obtained with CS
compared to DT and, regarding the dose, this occurred when 50% of the
recommended dose was used (Figure 9B and 9C).

In the NVP there was an interaction between PGF2a and dose (p=0.02),
with the highest value found in the DT50% treatment, followed by CS100%,
CS50% and, finally, the lowest value with the DT100% treatment (Figure 9D). In
heterogeneity, only a difference regarding the type of PGF2a was obtained, with
a greater heterogeneity value for CS (p<0.01, Figure 9E).
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Figure 9. Interaction of PGF and dose on the CPL variables (A), main effect of
PGF (B) and dose (C) on the LLC variable, interaction of PGF2a and dose on the
number of pixels variable (D); and main effect of PGF on the heterogeneity
variable (E). N of groups: CS50%=3; CS100%=3; DT50%=3; DT100%=2;
50%=6; 100%=5; CS=6 and DT=5; Values followed by lowercase letters are
significant (P < 0.05).

Finally, the molecular profile regulating the process of luteolysis in this
study is described below. Comparing the use of 50% of the dose in metestrus
and diestrus, we obtained five miRNAs in common (bta-miR-132; bta-miR-143;
bta-miR-125b; bta-miR-23a; bta-miR-120a) and 18 exclusive in the metestrus
phase (bta-miR-145; bta-miR-182; bta-miR-183; bta-miR-202; bta-miR-378; bta-
miR-let-7b; bta-miR-199- 3p; bta-miR-let-7e; bta-miR-let-7g; bta-miR-125a; bta-
miR-126-5p; bta-miR-15a; bta-miR-17-5p; bta-miR-20a; bta-miR-26a; bta-miR-
29a; bta-miR-34a; bta-miR-92a) (Figure 10A). However, when 100% of the
recommended dose was used, 17 common miRNAs were found (bta-miR-143;
bta-miR-183; bta-miR-202; bta-miR-let-7b; bta-miR-199- 3p; bta-miR-let-7¢e; bta-
miR-let-7g; bta-miR-125a; bta-miR-125b; bta-miR-126-5p; bta-miR-23a; bta-
miR-26a; bta-miR-29a; bta-miR-120a; bta-miR-34a; bta-miR-455-3p; bta-miR-
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92a) and eight miRNAs exclusive to the diestrus phase (bta-miR-132; bta-miR-
45; bta-miR-378; bta-miR-10b; bta-miR-15a; bta-miR-17-5p; bta-miR-181a; bta-

miR-20a) (Figure 10B)
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23a; bta-miR-26a; bta-miR-29a;
bta-miR-120a; bta-miR-34a; bta-
miR-455-3p; bta-miR-92a

Figure 10. Venn diagram of exclusive and common miRNAs comparing
metestrus and diestrus using doses 50% (A) and 100% (B) of the recommended

dose.
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METESTRUS

DIESTRUS

*  Exp1

- CL Area: | in the first 24h, values remaining until 96h.
| area when using 100% of the recommended dose.

-VP%: | area when using 100% of the recommended dose.

-Vascularization of CL: | When DT was used.

-P4: | concentration when 100% of the recommended dose was used

o Exp2
-P4: Main effect time: | independent of dose and PGFa.
Dose*PGFa: highest [P4] with DT50%, followed by other treatments with
similar values.
-SLC Area: | area with 50% of dose and DT.
-LLC Area: | area with CS50%.
-NVP: 1 with CS50%, followed by other treatments with similar values

-Heterogenity: 1 DT50%, followed by CS50% and CS100%, and finally,
DT100%

o Expt

- CL Area: | constant in measurements until 72h, remaining low up to 96h,
regardless of dose and PGFa .

VP%: | constantin measurements until 48h, remaining low up to 96h, regardless of

dose and PGFa

- Vascularization of CL: | constantin measurements until 48h, remaining low up to

96h, regardless of dose and PGFa

-P4: | constant in measurements until 48h, remaining low up to 96h, regardless of

dose and PGFa
o Exp2

P4 | with 24h

- SLC Area: | area with CS100% e DT50%, followed by CS50% and DT100%.
- SLC Area: | area with 50% of dose and CS.
-NVP: | value with DT100%, followed by CS50%, CS100% and finally DT50%.

- Heterogenity: 1 with CS.

Table 5. Summary of results.

Source: Trevisoli, 2023.
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4. DISCUSSION

4.1.Metestrus

In the present study, in the metestrus phase, partial luteolysis was
observed due to the decline in progesterone levels, below 1ng/mL, with a
subsequent return of steroidoigenic functions, corroborating other studies in
taurine[9,10] and zebu [29] females.

In morphological assessments, smaller dimensions were observed after
24 hours. It was also observed that when 100% of the recommended dose was
used, there was a greater decline in CL area and blood perfusion. CL
vascularization was lower when DT was used, regardless of the dose. Similar to
the result with SLC morphometry, obtaining smaller areas using DT and 50% of
the recommended dose.

Treatment with CS100% resulted in a greater decrease in serum P4 levels
in Exp2., in the size of LLC and lower NVP. This indicates the activation of the
luteolytic process. DT50% resulted in greater results in heterogeneity.

In the morphological analysis, it was possible to observe a decrease in
luteal dimensions in ultrasound assessments of the CL after 24 hours and when
100% of the recommended dose was used. These results do not corroborate to
those found by Acosta and collaborators [13], who did not find a reduction in area
in the initial CL after administration of PGF2a at metestrus. Nevertheless, our
results indicate a reduction in blood perfusion associated to the drop in P4
observed during metestrus when 100% of the PGF2a dose was used.

Although P4 concentrations had a slight decline in the first 24 hours
regardless of the dose and PGF2a was used, a biological effect could be
observed, as concentrations declined below 1 ng/mL after 8h, but exceeded this
threshold after 96h, suggesting partial luteolysis. Similar results were obtained by
Ferraz Junior. [30] and Nascimento [9] with the use of PGF2a in metestrus, who
observed a process of partial luteolysis, with a drop in serum progesterone levels
in the first 24 hours, returning its production from 96h.

In Exp.2 there was a reduction in serum P4 levels within 24 hours,
however, as the samples were not collected after 24 hours, the effect of partial

luteolysis could not be confirmed. Still in Exp.2, it was possible to observe that,
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regardless of the moment, the drug x dose that caused the smallest decline in P4
was DT50% in relation to all other treatments.

In the area of small luteal cells, we can observe that smaller areas were
found when using 50% of the dose and prostaglandin DT, inversely to what
happened with LLC, where the smallest areas were when using CS100%
treatment. This difference in drug action on each type of luteal cell may be due to
the greater presence of PGF2a receptors on large luteal cells than on small ones
[3,31].

In the numerical value of pixels, higher values could be observed with
CS50%, indicating a lower luteolytic response, contrary to the CS100% group,
which presented the lowest NVP. The different response of different drugs and
doses does not corroborate the results of Korzekwa [32] who, through in vitro
culture of luteal cells, obtained similarity between CS and DT in the expression
of caspase-3. Regarding heterogeneity, Siqueira [33] obtained higher values at
moments of CL formation and at the end of the cycle, with a more homogeneous
result in the diestrus phase. In the present study, the DT50% treatment was the
one with the greatest heterogeneity compared to the other groups, possibly

indicating a greater luteolytic response [34].

4.2.Diestrus

In the present study, it was demonstrated that the use of 50% of the
recommended dose guaranteed results similar to the use of 100% of the dose in
the Exp.1 variables. This fact demonstrates that the use of half the dose of
sodium cloprostenol (250 ug) or dinoprost tromethamine (12.5 mg) can be an
effective alternative to induce luteolysis in responsive phases of CL in beef cattle.
In the morphological results, when DT was used and 100% of the dose, a smaller
area of the LLC was obtained. For the NVP variable, DT100% promoted better
results and for heterogeneity this occurred with CS, regardless of the dose.

Ultrasonographic assessments of area, vascularization and blood
perfusion of the CL of animals treated during diestrus, as well as serum P4 (Exp1)
levels remained constant up to 96h, regardless of the dose and prostaglandin
used. This differs from the results found by Ferraz Junior [30] in which 50% of the
DT dose during diestrus did not show luteolytic efficiency in all animals. However,

the present study corroborates several other studies that demonstrated that
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reducing the doses of luteolytic agents to 50% of the recommended dose is an
effective option for luteolytic induction in responsive phases of both taurine and
zebu bovine females [35-37].

The findings in the present study corroborate part of what is available in
the literature about reducing doses of different active ingredients of PGF2a during
the diestrus phase. Analyzing the variable of serum P4 levels, we can observe
that in both Exp1 and Exp 2 there was a drastic decline in the first 24 hours,
remaining with concentrations below 1ng/mL, which corresponds to the luteolysis
process and is in accordance with studies in sheep [38] and cattle [39—-41]. There
was no difference between the drugs, a result that differs from those obtained by
Sedd et al. [42] with taurine heifers when using CS. They observed lower
concentrations of P4 between 18 and 36h, compared to treatment with DT. In Exp
2, measurements were taken just 24 hours after the administration of PGF2aq,
however, when we observed the results of Exp 1, in which there are
measurements up to 96 hours, it was possible to notice the occurrence of total
regression of the steroidoigenic capacity and the beginning of structural luteolysis
process, independent of drug and dose.

In addition to the functional luteolysis observed previously, results
obtained also corroborate structural luteolysis, which is caused by cell death,
apoptosis and cellular matrix remodeling [43,44]. Microscopically, observing the
SLC, the smallest areas were obtained with CS100% and DT50%, a result that
differs from that found by Choudhary and collaborators [45], who observed a
greater reduction in the size of the SLC with increasing PGF concentration in in
vitro culture. When we observed the LLC, we obtained a smaller area using the
CS and also with 50% of the dose. We can find a similar methodology in the study
by Trevisol and collaborators [46] which used underdosing (1/6 of the
recommended dose - 83.3ug) and the double the recommended dose (500 ug)
of CS in the initial diestrus. LLC analysis was carried out 24 and 40 hours after
application of the drug. In this experiment, after the administration of the
underdosage, there was a reduction in the expression of VEGFA mRNA after 24
hours of the administration, a drop in serum progesterone concentrations and a
reduction in the size of the CL due to the reduction in the size of the LLC. This
differs from that found by these authors when double the dose was used, whose
results of VEGFA, Star and Fas-L mRNA expression, LLC size and serum
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concentrations of P4 were corresponding to total luteolysis. We can assume that,
in the present study, we obtained results of total luteolysis even with 50% of the
dose and a more efficient reduction when the CS drug was used.

Furthermore, in pixel analysis, the best result found in NVP was using
DT100%. As for the heterogeneity analysis, the best result, with greater
heterogeneity, was using the drug cloprostenol, regardless of the dose. This
result also differs from that found by Korzekwa [47]. Carambula and colleagues
[34] observed increased expression of caspase-3 associated with structural
luteolysis in sheep, proving the increase in caspase-3 as a luteolytic mediator.
Peluffo and collaborators [48] were also able to observe that there is a
physiological increase in caspase-3 with the maturation of the CL, that is, in the
diestrus phase, similar to the present study.

With the morphofunctional results reported above, it was possible to
observe that the use of 50% of the dose in metestrus does not cause luteolysis,
unlike the diestrus phase in which 50% of the recommended dose promoted total
luteolysis. This difference also occurred molecularly. In diestrus, no exclusive
miRNA was found, while in metestrus, 18 exclusive miRNAs were found. Some
of these have already been described in processes of granulosa cell apoptosis
[18,49], angiogenesis, steroidogenesis [50] and immune cell recruitment [51].
With the use of the full dose (100% of the recommended dose) we obtained
results corresponding to partial luteolysis in metestrus and total luteolysis in
diestrus. We can also suggest that molecularly, the regulated pathways are
distinct, due to the absence of exclusive miRNAs in metestrus and the presence
of 8 exclusive miRNAs in the diestrus phase. Among these exclusive to diestrus,
some functions related to cell apoptosis [49,52] and recruitment of immune cells
[53] have been described.

In summary, the present study presents comprehensive data on the
morphophysiological and molecular changes in the luteolysis induction process
at the metestrus and diestrus. Future studies are needed in an attempt to further
elucidate the luteolysis process.



49

PGF2a
: \ < Che 0
PGFR Cascate s + FU%C00
— - 2) 1 VP%: | 100% dose
s Caspases " Vascularization of CL: | DT
: [ 4 \ . 3 )| all treatments and | with 100%
o Hypoxia — ' Caspase-3 (*) Py
perfusion N N . CS100% (LLC)
Blood @ pa (5 ): CS50%,DT50% e DT100% (NVP)
Vessels () ~7  DT50% (heterogenity)
Apoptose
CL

Figure 11. Representative scheme of luteolysis after binding of PGF2a to the receptor in luteal cells in the metestrus phase. The
numbers represent the variables analyzed in the present study (1- serum progesterone dosage; 2- vascular analysis by Doppler (VA:
% of vascular perfusion and vascularization of the CL); 3- ultrasound morphometry analysis; 4- morphometry analysis of SLC (small
lutein cells) and LLC (large lutein cells); 5- caspase-3 immunostaining evaluated by pixels (NVP: numerical value of pixels and
heterogeneity: standard deviation of NVP). The symbols present in the image represent: (|) - decline; The numerical markings
represent the active location of each variable. The legend shows the drug or dose that had the best luteolytic response. CS50%: 50%
of the recommended dose of cloprostenol sodium; CS100%: 100% of the recommended dose of cloprostenol sodium; DT50%: 50%
of the recommended dose of dinoprost tromethamine, DT100%: 100% of the dose of dinoprost tromethamine.
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Figure 12. Representative scheme of luteolysis after binding of PGF2a to the receptor in luteal cells in the diestrus phase. The
numbers represent the variables analyzed in the present study (1- serum progesterone dosage; 2- vascular analysis by doppler (VP:
vascular perfusion and vascularization of the CL); 3- ultrasound morphometry analysis; 4- morphometry analysis of SLC (small lutein
cells) and LLC (large lutein cells); 5- caspase-3 immunostaining evaluated by pixels (NVP: numerical value of pixels and
heterogeneity: standard deviation of NVP). The symbols present in the image represent: () - decline; The numerical markings
represent the active location of each variable. The legend shows the drug or dose that had the best luteolytic response. CS50%: 50%
of the recommended dose of cloprostenol sodium; CS100%: 100% of the recommended dose of cloprostenol sodium; DT50%: 50%
of the recommended dose of dinoprost tromethamine, DT100%: 100% of the dose of dinoprost tromethamine.
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5. CONCLUSIONS

At metestrus, the phenomenon of partial luteolysis could be observed
regardless of the dose or PGF2a, despite showing a smaller CL area and
perfusion when 100% of the dose was used. Less vascularization of the CL and
size of the SLC could be observed when DT was used.

During diestrus, it was possible to observe total regression using 50% or
100% of the recommended dose regardless of the PGF2a used, however the CS
had better results lowering pixel count (NVP) and the DT in reducing LLC. It is
not possible to highlight a more effective PGF2a in the luteolysis process.

It is assumed that miRNAs act throughout the luteolysis process, being
able to modulate steroid production genes, up to the activation of pro-apoptotic
pathways. Future studies are needed to provide in-depth detail on the luteolytic

pathways in cattle.
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APPENDIX

Appendix 1. miRNA primers sequency.

miR ID

Primers sequence (5' - 3)

bta-miR-let-7a-3p

bta-miR-let-7b
bta-miR-199-3p
bta-miR-let-7e
bta-miR-let-7g
bta-miR-10b
bta-miR-125a
bta-miR-125b
bta-miR-126-5p
bta-miR-132
bta-miR-142-3p
bta-miR-143
bta-miR-145
bta-miR-146a
bta-miR-15a
bta-miR-17-5p
bta-miR-181a
bta-miR-182
bta-miR-183
bta-miR-186
bta-miR-190a
bta-miR-21-5p
bta-miR-202
bta-miR-20a
bta-miR-210
bta-miR-23a
bta-miR-26a
bta-miR-29a
bta-miR-30a-5p
bta-miR-320a
bta-miR-33a
bta-miR-34a
bta-miR-378
bta-miR-450a
bta-miR-455-3p
bta-miR-503-3p
bta-miR-7
bta-miR-99a-3p
bta-miR-92a

CTATACAATCTACTGTCTTTC
TGAGGTAGTAGGTTGTGTGGTT
ACAGTAGTCTGCACATTGGTTA
TGAGGTAGGAGGTTGTATAGT
TGAGGTAGTAGTTTGTACAGTT
TACCCTGTAGAACCGAATTTGTG
TCCCTGAGACCCTTTAACCTGTG
TCCCTGAGACCCTAACTTGTGA
CATTATTACTTTTGGTACGCG
TAACAGTCTACAGCCATGGTCG
AGTGTTTCCTACTTTATGGATG
TGAGATGAAGCACTGTAGCTCG
GTCCAGTTTTCCCAGGAATCCCT
TGAGAACTGAATTCCATAGGTTGT
TAGCAGCACATAATGGTTTGT
CAAAGTGCTTACAGTGCAGGTAGT
AACATTCAACGCTGTCGGTGAGTT
TTTGGCAATGGTAGAACTCACACT
TATGGCACTGGTAGAATTCACTG
CAAAGAATTCTCCTTTTGGGCT
TGATATGTTTGATATATTAGGT
TAGCTTATCAGACTGATGTTGACT
TTCCTATGCATATACTTCTTT
TAAAGTGCTTATAGTGCAGGTAG
ACTGTGCGTGTGACAGCGGCTGA
ATCACATTGCCAGGGATTTCCA
TTCAAGTAATCCAGGATAGGCT
CTAGCACCATCTGAAATCGGTTA
TGTAAACATCCTCGACTGGAAGCT
AAAAGCTGGGTTGAGAGGGCGA
GTGCATTGTAGTTGCATTGCA
TGGCAGTGTCTTAGCTGGTTGT
ACTGGACTTGGAGTCAGAAGGC
TTTTGCGATGTGTTCCTAATAT
GCAGTCCATGGGCATATACACT
GGAGTATTGTTTCTGCTGCCCGG
TGGAAGACTAGTGATTTTGTTGTT
CAAGCTCGCTTCTATGGGT
TATTGCACTTGTCCCGGCCTGT
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Appendix 2. Immunohistochemistry slide proven with the aid of an optical
scope (IX70, Olympus Corporation, Japan), using 40x magnification. Figure
courtesy of Ana Clara Degan Matos, 2021.




