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RESUMO

CALDAS, Tarcilla Dutra Barbosa, M.Sc., Universidade Federal de Vigosa, dezembro
de 2022. Efeitos da reinsercao de dispositivo intravaginal de progesterona
sobre parametros enddcrinos e embrionarios em ovelhas superovuladas.
Orientador: Jeferson Ferreira da Fonseca. Coorientadores: Bruna Waddington de
Freitas e Felipe Zandonadi Brandao.

Este estudo teve como objetivo avaliar a efichAcia do uso de dispositivo de
progesterona do quarto ao oitavo dia apds a superovulacdo de ovelhas mesticas
Dorper/Santa Inés sobre a funcao luteal e producéo in vivo de embrides. Um total de
20 ovelhas multiparas receberam um dispositivo intravaginal de progesterona (P4;
0,36 g; Primer®, Agener Unido Salide Animal, Brasil) por nove dias, inserido (D0) e
retirado (D9) no periodo da tarde (18:00 h), bem como seis doses decrescentes (25,
25, 15, 15, 10, 10%) de 133 mg de pFSH i.m. (Folltropin®, Vetoquinol, Brasil) em
intervalos de 12 h. Sendo a superovulagdo iniciada 60h antes da remocédo do
dispositivo e terminando concomitantemente com a remocao do dispositivo. Todas
as ovelhas receberam 125 ug de cloprostenol i.m. (Sincrocio®; Ourofino, Brasil) na
quinta e sexta doses de pFSH e 50 pg de gonadorelina i.m. (Gestran®, Tecnopec,
Sao Paulo, Brasil) no D10, e foram submetidas a monta natural a cada 12 h durante
o estro. No D13, as ovelhas previamente detectadas em estro e com corpos luteos
viaveis (CL; n=19) foram igualmente alocadas para receber seus préprios implantes
intravaginais usados alguns dias antes (G-P4; n=10) ou nao (G-Control; n=9). No
D17, os dispositivos foram novamente removidos e todas as fémeas receberam o
protocolo de relaxamento cervical incluindo 125 pg de cloprostenol i.m. e 0,5 mg de
benzoato de estradiol i.m. (Gonadiol®; Zoetis, Brasil) ambos 16 h antes, bem como
50 Ul de ocitocina i.v. (Ocitocina Forte®, UCB, Brasil) 20 min antes da recuperagéo
nao cirdrgica de embrides. A contagem e a viabilidade do CL foram realizadas por
ultrassonografia transretal modo B e Doppler colorido antes da reinser¢cdo do
implante (D13) e na sua remocgéo (D17). Amostras de sangue foram em D9, D13 e
D17 para a determinacdo das concentracdes circulantes de progesterona (P4). Os
dados ndo paramétricos e paramétricos foram analisados pelo teste de Mann-
Whitney e ANOVA, respectivamente. As frequéncias foram avaliadas pelo teste Qui-

quadrado ou exato de Fisher. As diferengcas foram consideradas significativas



quando p<0,05. A resposta do estro foi de 95% (19/20). Todas as ovelhas em estro
apresentaram pelo menos um CL viavel no D13. As concentragdes plasmaticas de
P4 foram semelhantes (P>0,05) em D9 (1,0+0,2 vs. 1,91£0,7 ng/mL) e 13 (1,1£0,4 vs.
1,620,5 ng/mL), mas diferiu em D17 (4,0£1,3 vs. 9,2+ 2.8) para G-Control e G-P4,
respectivamente. A regressao do CL foi semelhante (P>0,05) nas ovelhas G-Control
(44,4%) e G-P4 (33,3%). A taxa média de recuperacao nao diferiu entre os grupos
(P>0,05) e os 6vulos/embrides recuperados foram inferiores (P<0,05) no G-Controle
(24,5 £ 10,6% e 3,7 = 2,0) do que no G-P4 (52,7 + 10,5% e 11,6 + 2,9) ovelhas,
respectivamente. A taxa de viabilidade embrionaria foi semelhante (P>0,05) ao G-
Control (9,1% ou 2/22) e G-P4 (23,5% ou 19/81). Em conjunto, esses dados
sugerem que a reinser¢cao do implante intravaginal de progesterona por quatro dias
apds a superovulacdo promove maior concentracoes de P4 circulante, resultando

em maior recuperagao embrionaria.

Palavras-chave: Regressao Prematura de Corpo Luteo. Superovulacdo. Colheita de

embrido n&o cirurgica.



ABSTRACT

CALDAS, Tarcilla Dutra Barbosa, M.Sc., Universidade Federal de Vicosa, December,
2022. Effects of reinsertion of an intravaginal progesterone device on
endocrine and embryonic parameters in superovulated ewes. Advisers: Jeferson
Ferreira da Fonseca. Co-advisers: Bruna Waddington de Freitas and Felipe
Zandonadi Brandao.

This study aimed to assess the efficacy of using a progesterone device from fourth to
eighth day after superovulation device on the luteal function and in vivo embryos
production in crossbred Dorper/Santa Inés ewes. A total of 20 multiparous ewes
received an intravaginal progesterone device (P4; 0.36 g; Primer®, Agener Unido
Saude Animal, Brazil) for nine days, inserted (D0) and removed (D9) in the afternoon
(18:00 h), as well as six decreasing doses (25, 25, 15, 15, 10, 10%) of 133 mg pFSH
i.m. (Folltropin®, Vetoquinol, Brazil) at 12 h intervals, starting 60 h before device
removal and finishing concomitantly to device removal. All ewes received 125 ug
cloprostenol i.m. (Sincrocio®; Ourofino, Brazil) at fifth and sixth FSH doses, and
50 pg gonadorelin i.m. (Gestrane, Tecnopec, Sao Paulo, Brazil) on D10, and were
subjected to natural mating every 12 h while in estrus. On D13, the ewes previously
detected in estrus and with viable corpora lutea (CL; n=19) were equally allocated for
receiving their own intravaginal implants used a few days before (G-P4; n=10) or not
(G-Control; n=9). On D17, the devices were again removed, and all females received
the cervical relaxation protocol including 125 pg cloprostenol i.m. and 0.5 mg
estradiol benzoate i.m. (Gonadiol®; Zoetis, Brazil) both 16 h before, as well as 50 U
oxytocin i.v. (Ocitocina Forte, UCB, Brazil) 20 min before non-surgical embryo
recovery (NSER). CL count and viability were performed by transrectal B-mode and
color Doppler ultrasonography before implant re-insertion (D13) and at its removal
(D17). Blood samples were done before implant removal or insertion on D9, D13,
and D17 for plasma progesterone (P4) analyses. Non-parametric and parametric
data were analyzed by Mann-Whitney test and ANOVA, respectively. Frequencies
were assessed by Chi-square or Fisher exact test. Differences were considered as
significant when p<0.05. The estrous response was 95% (19/20). All ewes in estrus
showed at least one viable CL on D13. P4 was similar (P>0.05) on D9 (1.0£0.2 vs.
1.940.7 ng/mL) and 13 (1.1+0.4 vs. 1.6+0.5 ng/mL) but differed on D17 (4.0+1.3 vs.



9.2+2.8) for G-Control and G-P4, respectively. CL regression was similar (P>0.05) in
G-Control (44.4%) and G-P4 (33.3%) ewes. The difference of average recovery rate
was not significant (P>0.05) and ova/embryos recovered were inferior (P<0.05) in G-
Control (24.5 + 10.6% and 3.7 £ 2.0) than in G-P4 (52.7 £ 10.5% and 11.6 £ 2.9)
ewes, respectively. The embryo viability rate was similar (P>0.05) to G-Control (9.1%
or 2/22) and G-P4 (23.5% or 19/81). Altogether, these data suggest that the
reinsertion of the intravaginal progesterone implant for four days after superovulation
promotes greater P4, resulting in a greater ova/embryo recovered.

Keywords: Corpus luteum. Estrous synchronization. NSER.
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1 INTRODUGCAO

A maioria dos embriées ovinos produzida no mundo tem sido obtida por meio
da producéo in vivo. Para tanto, a multipla ovulacdo e transferéncia de embrides
(MOTE) é a opcao de escolha e oficialmente reportada como sendo suporte das
atividades comerciais da espécie (Souza-Fabjan et al., 2020). Recentemente no
Brasil, um incremento substancial do conhecimento foi gerado sobre a
superovulacao de ovelhas com sucesso reportado em varias ragas (Fonseca e
Oliveira, 2021) a partir do uso de um protocolo comum de superovulagédo (Fonseca e
Oliveira, 2020).

Uma série de fatores intrinsecos e extrinsecos podem impactar negativamente
os resultados da multipla ovulagdo e transferéncia de embriao (Bartlewski et al.,
2016). Potencialmente, esses fatores poderiam ser bem controlados com um
protocolo de superovulacdo eficiente que pudesse obter producdo média de
resposta ovulatéria préxima a 10 corpos luteos (CL) e recuperacdo média entre
cinco e sete embrides viaveis por doadora coletada (Fonseca e Oliveira, 2021).
Todavia, mesmo com uma boa resposta ovulatoria, um importante fator que afeta a
producdo embriondria e assume papel decisivo nesse cenario é a regressao

prematura de corpos luteos (RPCL; Rodriguez et al., 2015).

A RPCL é o encurtamento da fase luteal em decorréncia de uma disfuncao
luteal com repercussdo imediata na reducdo das concentragdes plasmaticas de
progesterona (Forde e Lonergan, 2017). Trata-se de uma ocorréncia comum tanto
em cabras (Saharrea et al., 1998) quanto em ovelhas (Rodrigues et al., 2019; Rocha
et al., 2022) superovuladas. O uso de estratégias anti-luteoliticas como
administragdo de flunixin-meglumine, apresentou efeitos positivos sobre este
fenbmeno, ja que a produgado de embrides viaveis reportada foi bastante significativa
quando da utilizacdo desta estratégia (Figueira et al., 2020; Fonseca et al., 2021).
Por outro lado, estratégia luteotréfica, como administracdo pds-ovulacdo de
gonadotrofina coribnica humana (hCQG), foi capaz de melhorar a producdo endégena
de P4 e também melhorar a taxa de recuperagédo de embrides (Dias et al., 2022). A
primeira estratégia envolve administracdo por trés dias seguidos, enquanto a

segunda prevé apenas uma.
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Considerando os resultados interessantes da administracdo de hCG, quatro
dias apds a retirada do dispositivo vaginal (tltima aplicacdo de FSH; Dias et al.,
2022), hipotetizou-se que a P4 provida pela reinsercdo do proprio dispositivo
anteriormente retirado pudesse ter efeitos semelhantes aos da hCG sobre a P4 e
assim, repercutir positivamente sobre a recuperacdo embrionaria de ovelhas

superovuladas.
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2 REVISAO DE LITERATURA
2.1 Ciclo Estral na Ovelha

As ovelhas sdo animais considerados poliéstricos estacionais de dias curtos
em regides onde as estacOes sdo bem caracterizadas (Balaro et al., 2014). No
entanto, em latitudes mais baixas, ovelhas apresentam comportamento estral
continuo, favorecendo a ciclicidade reprodutiva durante todo o ano (Simplicio et al.,
1982; Fonseca, 2006). J4 em latitudes onde as estagdes sdo bem caracterizadas, o
apice reprodutivo ocorre no outono e o anestro fisiol6gico na primavera (Balaro et
al., 2014).

O ciclo estral na ovelha dura aproximadamente 17 dias, sendo constituido por
duas fases caracteristicas. A fase luteal, onde a progesterona é o hormdnio
predominante, tem uma duracdo média de 14 dias, ao passo que a fase folicular, na
qual o estrégeno é o hormdnio predominante, apresenta duragdo média de trés dias.
No decorrer deste periodo, os hormdnios gonadotroficos foliculo estimulante (FSH) e
luteinizante (LH), controlam o desenvolvimento folicular e esteroidogénese,
culminando na secrecdao de estrégenos que levam ao comportamento do estro
(Hafez e Hafez, 2004; Fonseca, 2005). A duracédo do estro nas ovelhas apresenta
uma duracdo média de 36 horas, com a ovulacdo ocorrendo préxima ao final do
estro (Cavalcanti et al., 2012). Essa duragao pode variar em funcao de fatores como
estado nutricional, sanidade, raca, idade, estacdo do ano e a presenca de macho
(Hafez e Hafez, 2004).

Durante a fase lutea ha producdo e acumulo de ocitocina luteal, porém a
progesterona inibe a expressado uterina de receptores endometriais para ocitocina
(Wathes et al., 1996), os quais ocorre aumento em numero e atividade em funcéo de
estrogenos a medida que o ciclo estral se aproxima da fase folicular e lutedlise.
Neste momento, pulsos iniciais de prostaglandina produzida pelo endométrio
disparam a liberagdo de ocitocina luteal, que por sua vez intensifica a producao de
PGF2a, a cascata luteolitica, terminando em crescimento e maturacéo folicular,

seguida de ovulacdo (Lamming e Mann, 1995; Wathes e Lamming, 1995).
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2.2 Luteogénese e Lutedlise
2.2.1 Luteogénese

O CL desenvolve-se poucos dias antes da ovulagcdo e regridem
rapidamente. Apds 24 horas da ovulagéo, todas as células remanescentes da teca
encontram-se em estado avancado de degeneracéao. Inicia-se um processo
hipertrofico e de luteinizagdo das células da granulosa apds a ovulacdo (Hafez e
Hafez, 2007). A formagdo do CL resulta do crescimento, diferenciacéo,
reorganizacao e luteinizagdo das células da teca e da granulosa remanescentes do
foliculo ovulatério (Davis e Rueda, 2002).

A presenga de um foliculo pré-ovulatério no ovario determina altas
concentragdes plasmaticas de estradiol, condicdo determinante para a ocorréncia de
um pico pré-ovulatério de LH e da ovulacdo (Bertan et al., 2006). O corpo
hemorragico reorganiza-se para formar o CL sob influéncia de vérios fatores
angiogénicos e mitogénicos como o fator de crescimento dos fibroblastos, fator de
crescimento | semelhante a insulina, fator de crescimento semelhante a heparina e
fator de crescimento endotelial vascular, entre outros (Gospodarowicz et al., 1985;
Suh et al., 1992; Grazul-Bilska et al., 1992; Redmer e Reynolds, 1996).

A deterioracao das funcbes do CL esta associada a diminuicao da atividade da
AMH, produgédo de estradiol e progesterona, ao aumento da atividade do FSH e ao
aumento de anovulagcdo. A progesterona é secretada pelas células luteinicas na
forma de granulos. Em animais de idade avancada, as funcdes do CL declinam
resultando na inabilidade das células foliculares em responder aos estimulos,
modificagdes quantitativas e/ou qualitativas da secrecdo hormonal e na reducao de

estimulos para a secregéo hormonal.

2.2.2 Lutedlise

Um embrido deve estar presente no Utero de 12 a 13 dias apdés o
acasalamento, para que o CL seja mantido. Esse periodo representa o estado em
que o utero inicia as primeiras providéncias que levardo a lutedlise. Se nao ocorrer a
fecundacao ou o processo de implantacao falhar, (apds 11-12 dias na ovelha e 13-

14 dias na cabra), o endométrio libera pulsos de 29 prostaglandina (PGF2a),
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horménio anti-luteolitico, que induz a regressdao do CL (lutedlise), que diminui de
tamanho, torna-se palido (corpo albicans) e a secrecdo de P4 diminui (Garverick et
al., 1992).

A prostaglandina F2 (PGF) é a luteolisina natural e é secretada pelo
endométrio em pulsos em muitas espécies animais, incluindo bovinos (Silvia et al.,
1991; McCracken et al.,, 1999; Schams e Berisha, 2004; Weems et al., 2006;
Skarzynski et al., 2008).

2.3 Regressao Luteal Precoce na Ovelha

A RPCL é caracterizada por uma lutedlise pré-matura encurtando o periodo
luteal normal (Sa Filho e Vasconcelos, 2008; Rodriguez et al., 2015). Trata-se de
uma ocorréncia comum em cabras (Saharrea et al., 1998) e ovelhas (Rocha et al.,
2022) superovuladas. A PGF2a € o horménio luteolitico em mamiferos
(Goravanahally et al., 2007), que leva a inducdo a regressao prematura do corpo
luteo através da interrupcéo da fase progestacional do ciclo estral, iniciando, assim,
um novo ciclo (Hackett & Robertson, 1980; Herrera et al., 1990).

Uma das consequéncias primarias da RPCL é a queda nas concentragdes
plasmaticas de P4 (Saharrea et al., 1998). A RPCL é importante obstaculo na
producgéo in vivo de embrides dessas espécies (Stubbings e Walton, 1986), visto que
pode resultar na principal consequéncia na baixa taxa de recuperacao de estruturas
viaveis (Gomes et al., 2014).

Protocolos hormonais que causam superestimulacdo podem ocasionar em
foliculos anovulatérios persistentes que permanecem produzindo estrogeno e
promovem a liberagdo precoce de PGF2a e a regressdo luteal, acontecendo o
mesmo com o uso de FSH em doses altas (Okada et al., 2000). Ovelhas nao
ciclicas, sdo acometidas pela RPCL na maioria dos tratamentos com auséncia de
pré-tratamento com P4 (Liu et al., 2007), assim como, a maturagédo inadequada do
foliculo pré-ovulatério no momento do pico de horménio luteinizante, que ocasiona o
desenvolvimento de CL anormal (Stubbings et al., 1986).
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2.4 Superovulacao na Ovelha

A superovulagdo consiste em um dos principais passos da biotécnica de
Multipla Ovulacado e Transferéncia de Embrido (MOTE) e tem como principio o
fornecimento de horménios que estimulam o crescimento de um maior nimero de
foliculos e subsequente ovulagao destes (Clemente C et al., 2013). Os programas de
MOTE tém se tornado mais acessivel e apresentado resultados significativamente
positivos para os produtores, aumentando a disseminacdo da técnica e a
popularizando (Fonseca et al., 2007). A MOTE promove maior intensidade de
selecdo e obtencdo de maior numero de embrides de fémeas superiores
geneticamente (Gusmao e Andrade Moura, 2005; Fonseca et al., 2010). Em
contraponto, a principal desvantagem da MOTE se da pelo custo relacionado aos
farmacos empregados e a criopreservacao dos embrides (Balaro e Brandao, 2013).

Os horménios gonadotroficos utilizados para a superovulagdo sao:
gonadotrofina coriénica equina (eCG), FSH e gonadotrofina menopausal humana
(hMG) (Fonseca et al., 2007).

Varios protocolos sdo empregados em ovelhas. Atualmente, um protocolo foi
desenvolvido em ovelhas da raca Lacaune (Figueira et al., 2020a, b, c; Fonseca e
Oliveira, 2020), tendo sido reportado sucesso em varias ragas, como Morada Nova,
Santa Inés, Somalis e Laucane, o protocolo consiste na inser¢cdo de dispositivo
intravaginal a base de P4 e aplicacao de 6 doses decrescentes de 133mg de pFSH,
nas ovelhas das racas Morada Nova e Santa Inés tiveram uma taxa de sucesso de
recuperacao superior a 80% (99,3 e 82,9% respectivamente) e as ragcas Somalis e
Laucane apresentaram taxa de sucesso de recuperacéo inferior a 60% (52,7 e 54,5
respectivamente) (Fonseca e Oliveira et al., 2021).

3 HIPOTESE

A suplementagdo exdgena de progesterona provida pela reinsergdo do
préprio dispositivo vaginal anteriormente retirado impacta positivamente o0s
parametros  endocrinos e  embriondrios em  ovelhas  superovuladas.

Consequentemente obter um maior numero de embrides recuperados.
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4 OBJETIVOS
4.1 Objetivo Geral

Estudar os efeitos da reinser¢cdo de dispositivo intravaginal de progesterona
sobre parametros superovulatérios e de quantidade de producdo de embrides em
ovelhas.

4.2 Objetivos Especificos

(1) Verificar os efeitos da reinsercao de dispositivo intravaginal de progesterona
sobre a funcdo Iuteal de ovelhas superovuladas por meio da avaliagdo
ultrassonogréfica ovariana e das concentracdes plasmaticas de P4;

(2) Verificar os efeitos da reinsercao de dispositivo vaginal sobre parametros de

recuperagao embrionaria em ovelhas superovuladas.
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6 CAPITULO 1

Intravaginal progesterone device reinsertion during the early luteal phase affects luteal

function and embryo yield in superovulated ewes
Abstract

This study checked the efficacy of progesterone (P4) device reinsertion during the early luteal
phase on luteal function and embryo yield in superovulated crossbred ewes. Twenty
multiparous ewes received an intravaginal P4 device for nine days (DO to D9) followed by six
decreasing doses (25, 25, 15, 15, 10, 10%) of 133 mg pFSH i.m. at 12 h intervals, starting 60
h before P4 device removal. Ewes were naturally mated at 12 h intervals while in estrus. On
D13, ewes with viable corpora lutea (CL; n=19) were equally allocated for receiving their P4
device reinsertion (G-P4; n=10) or not (G-Control; n=9). On D17, the P4 device was
removed, and all females received the cervical relaxation protocol 16 h to 20 min before non-
surgical embryo recovery (NSER). CL count and their functionality classification were
performed on D13 and D17 by transrectal B-mode and color Doppler ultrasonography.
Plasma P4 concentrations were measured on D9, D13, and D17. Plasma P4 concentrations
(ng/mL) of G-P4 ewes increased (P < 0.05) over the days, being greater on D17 (9.2+2.8)
than on D9 (1.9+0.7) and D13 (1.620.4). Premature regression of CL (PRCL) percentage and
ova/embryos recovered were greater (P < 0.05) in G-P4 (7.7% and 11.6£2.9) compared with
G-Control (28.4% and 3.7+2.0), respectively. Altogether, the reinsertion of the P4 device for
four days after superovulation in ewes promotes greater P4 concentrations, resulting in lower

PRCL occurrence and greater ova/embryos recovered.

Keywords: early luteal regression, progesterone, superovulation, NSER, sheep

1. Introduction

Multiple ovulation and embryo transfer (MOET) programs remains the most prominent
source for supporting embryo production in sheep (Souza-Fabjan et al., 2021). In addition to
many intrinsic and extrinsic factors negatively affecting embryo yield (Bartlewski et al.,
2016) up to ovulation, in the following, corpora lutea (CL) generated are associated with the

maintenance of the adequate uterine environment needed for early embryo development.
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When superovulated, small ruminants are more likely to undergo premature regression of
corpora lutea (PRCL), reaching up to 58% of females (Saharrea et al., 1998; Oliveira et al.,
2018), and this phenomenon was not associated with the season, donor age, body condition
score, and the number of MOET repetitions (Rocha et al., 2022). The occurrence of PRCL
will determine the embryo yield, since it leads to low progesterone (P4) concentrations
(Cervantes et al., 2007), directly affecting the uterine milieu and embryo development

(Forde and Lonergan, 2017).

In small ruminants, attempts to reduce PRCL occurrence are focused either on
maintaining CL function by administering human chorionic gonadotropin (hCG) or
gonadotropin-releasing hormone (GnRH) during the early luteal phase (Saharrea et al.,
1998; Dias et al.,, 2022) or inhibiting PGF2-a synthesis, by using flunixin-meglumine
(Figueira et al., 2020; Fonseca et al., 2021). In a recent study, an attempt to avoid potential
malefic effects of PRCL on embryos by administering hCG four days after the last FSH dose
was associated with increased P4 concentration on the day before non-surgical embryo
recovery (NSER), followed by greater embryo recovery rate in ewes (Dias et al., 2022).
Another even less explored possibility is the supplementation of P4 during the early luteal
phase. In this way, the use of intravaginal sponges impregnated with fluorogestone acetate
immediately after the last matting improves embryo yield in superovulated goats although

the PRCL occurrence was increased (Cervantes et al., 2007).

It was previously demonstrated that a potential P4 content remained in intravaginal
silicon devices impregnated with P4 previously used for 10 days (Pinna et al., 2012). In this
study, similar plasma P4 concentrations were observed until 120h after the P4 device
insertion among ewes with new, once-used (five days), and twice-used P4 devices (10 days).
Thus, we hypothesized that the reinsertion during the early luteal phase of a previously used

P4 device could increase the P4 plasma concentrations, similarly to those previously
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achieved with the hCG administration in superovulated ewes (Dias et al., 2022), and
consequently, mitigating the PRCL negative effects on luteal function and increasing

embryo yield in superovulated ewes.
2. Materials and Methods

2.1. Ethics, location, and experimental animals

This research was approved by the Animal Care Committee of Universidade Federal
Fluminense (protocol 3614141221). The experiment was performed in September, during the
local non-breeding season (Balaro et al., 2014). Twenty clinically healthy crossbreed
Dorper/Santa Inés sheep, housed in a commercial farm in Aracitaba, MG, Brazil (latitude
21°19' S, longitude 43°19°W, altitude 657 m) were used. Animals were kept in collective pens
and received a diet of two meals with Pennisetum purpureum schum or corn silage supplied to
the trough, and mineral salt and water ad libitum. The mean body condition score (BCS:
I=very thin and 5=very fat) was 3.2 + (.1, and the mean (+ standard deviation) body weight
of ewes at the beginning of the study for G-Control and G-P4 was 59.7 £11.8 kg and 62.7

+7.8, respectively.
2.2. Treatments and experimental groups

There is a simplified schematic depiction of experimental procedures in Fig. 1. For
synchronous estrus induction, all ewes received an intravaginal silicone device containing
0.36 g of P4 (Primer PR®; Tecnopec, Brazil) that was inserted on a random day of the
anovulatory period (DO) and maintained for 9 days (DO — D9). A total of 133 mg pFSH
(Folltropin—V®, Vetoquinol, Mairipord, Brazil) was intramuscularly administered in six
decreasing doses (25-25-15-15-10-10%) at 12 h intervals (06:00 AM and 06:00 PM) starting
60 h before P4 device removal. All ewes also received two i.m. injections of 125 pg of
cloprostenol (Sincrocio®; Ouro Fino, Cravinhos, Brazil) at the fifth and sixth pFSH doses, and

50 pg of gonadorelin i.m. (Gestran®, Tecnopec, Sdo Paulo, Brazil) at 24 h after P4 device
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removal. Ewes were naturally mated for fertile rams up to three times at 12 h intervals while
in estrus. All previously used P4 devices were washed with running water, dried at room
temperature, inserted into identified bags, and kept at 4 °C until reinsertion in the same
female. On D13, mated ewes were allocated into two experimental groups according to body
weight and body condition score for either receiving the P4 device reinsertion (G-P4; n = 10)

or no (G-Control; n = 9). In G-P4 the reinserted P4 device was removed on D17.
2.3. Ovarian ultrasonographic evaluation

Ultrasonographic evaluations (B- and color Doppler mode) were performed in all ewes
at the time of the P4 device reinsertion (D14) and at its removal (D17; 16 h before NSER to
determine the CL count and their functional classification). Ovaries were scanned with a
portable ultrasound scanner (M5 Vet®: Mindray, Shenzen, China) equipped with an 8.0 MHz
transrectal transducer taped to a stiffening PVC tube to facilitate external manipulation. Ewes
were examined in a standing position, fecal pellets were removed manually from the rectum,
and 10 mL of carboxymethylcellulose gel (Carbogel UTL; Carbogel Industria e Comércio

Ltda, Sao Paulo, Brazil) was deposited with a syringe into the rectum.

Each CL was carefully scanned by color Doppler-mode ultrasound to detect color
signals indicative of tissue blood perfusion, and consequently, their functionality
classification, as normal or prematurely regressed (PRCL, corpora lutea in which no signs of
blood perfusion were identified). The Color Doppler settings were maintained during all
evaluations (Pulse repetition frequency (PRF): 1.0 kHz; Gain: 72%; Depth: 4.3 cm; CFM

(Frequency): 4.6 MHz; and Wall Filter (WF): 1.

2.4. Plasma progesterone concentrations

Blood was sampled via the jugular vein into vacutainer tubes containing EDTA on D9
(immediately before the P4 device removal from estrus induction protocol), D13

(immediately before P4 device reinsertion), and D17 (immediately before reinserted P4
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device removal). Blood samples were centrifuged at 1000 g for 15 min, plasma was recovered
and stored at —20 °C until the progesterone dosage assay was performed. Plasma P4 values
were determined using a solid-phase radioimmunoassay utilizing a commercial kit (MP
Diagnostics Division, Orangeburg, New York, USA). Samples were analyzed in a single
assay, with a sensitivity of 0.05 ng/mL and an intra-assay coefficient of variation of 9.1%,

with all values within the curve.
2.5 Non-surgical embryo recovery procedures

The NSER was performed on D18 (8.5 days after the first device removal), after the
cervical dilation protocol, which started with 125 ug of cloprostenol (Sincrocio®; Ouro Fino,
Cravinhos, Brazil) and 0.5 mg of estradiol benzoate (Gonadiol®; Zoetis, Campinas, Brazil)
i.m. 16 h (D17) and 50 IU of oxytocin (Ocitocina Forte®, UCB, Jaboticabal, Brazil) 20 min
before NSER. The anesthetic procedure consisted of the administration of 10 mL of a
hyoscine/dipyrone solution being a half i.v. and another half i.m. (Buscofin Composto®;
Agener Unido, Tabodo da Serra, Brazil), 2 mL of lidocaine/xylazine solution (Bloc®; JA
Animal, Patrocinio Paulista, Brazil) for epidural block, 5 mL of lidocaine 2% (Lidovet®;
Bravet Ltda, Rio de Janeiro, Brazil) soaked in latero-lateral cotton to the opening of the
caudal ostium of the cervix. The NSER was performed according to the previously described
by Figueira et al. (2020). Ova/zona pelucidae/embryos recovered were morphologically
evaluated using a stereomicroscope with a magnification of 40X, while using the same criteria
as those for cattle (Mapletoft et al., 2020). Grade 1, 2, and 3 embryos were considered viable

embryos. Grade 1 and 2 embryos were cryopreserved and stored (Fonseca et al., 2018).
2.6. Variables and statistical analysis

The following endpoints were recorded: estrus response (%); ewes with at least one
CL on the day before NSER (%); overall CL count per ewe; ewes with at least one PRCL

(%); number of PRCL per ewe; overall PRCL rate (number of PRCL x 100 / overall number
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of CL); ewes successfully penetrated and flushed (%); overall CL count per ewe flushed;
number of ova/zona pelucidae/embryos recovered; recovery rate (%); number of viable
embryos recovered, unfertilized ova and zona pelucidae; embryo viability rate (%); and ewes

with ova/zona pelucidae/embryos and viable embryos recovered (%).

Statistical analysis was performed using the software BioEstat 5.3, Belém, Brazil.
Non-parametric data were analyzed by the Mann-Whitney test and parametric data were
analyzed by t-test and ANOVA, also for repeated measures. When variances were not
homologous, data were Log 10 transformed for ANOVA. Frequencies were assessed by Chi-
square or Fisher’s exact test. The results are shown as means + standard error of the means
(MEANS + SEM). Differences were considered significant when P < 0.05, or as otherwise

noted.

3. Results

Plasma P4 concentrations of G-P4 ewes increased (P < 0.05) over the days and
tended to be greater (P = 0.055) on D17 compared with G-Control ewes (Fig. 2). Data related
to estrus, ovarian responses, and NSER are presented in Table 1. The overall CL count per
ewe tended to be greater (P = 0.09) in G-P4 compared with G-Control. In G-P4 the overall
PRCL rate was lower (P < 0.05) while the number of ova/zona pelucidae/embryos recovered
was greater (P < 0.05) compared with G-Control. The recovery rate tended to be greater (P =
0.054) in G-P4 ewes compared with the control ones. From ewes in which NSER was
unsuccessful (n = 6), cervical transposing was possible only with a Hegar dilator in three ewes
(G-Control = 1 and G-P4 = 2). In two (G-Control = 1 and G-P4 = 1), cervical os could not be
clipped because of vestibulo-vaginal stenosis, and cervical transposing was incomplete by

Hegar dilator in the other one (G-Control=1).
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4. Discussion

To the best of our knowledge, this is the first study aiming to supplement P4 after
estrus/ovulation (i.e., during the early luteal phase) through the reinsertion of previously used
P4 devices in superovulated ewes. The postulated hypothesis that the own reinserted P4
device could significantly enhance P4 concentrations and mitigate potential malefic effects of
PRCL enough to positively affects the NSER-associated parameters was confirmed.
Therefore, this study provides an essential and field-applied strategy for circumventing

possible harmful effects of PRCL in superovulated donor ewes.

The P4 device reinsertion strategy tested in the present study was not able to fully
prevent the occurrence of PRCL (30.0% for G-P4 vs. 44.4% for the G-Control group;
P>0.05). However, the time of reinsertion did not increase the PRCL rate as observed in
donor goats receiving fluorogestone-impregnated sponges after the last mating (Cervantes et
al., 2007). Interestingly, after laparotomy and visual classification of CL viability in
superovulated goats (normal CL as structures with orange or red bright and CL in regression
as those with white or pink pale color), it was possible to count both types of CL (Cervantes
et al., 2007). In the present study, a similar count was performed but taking into account
ultrasonography features as proposed earlier (Rodrigues et al., 2019), and showed a
significant reduction in overall PRCL rate, which was almost four times superior to G-Control

(28.4% or 14/183 CL) than in G-P4 (7.7% or 25/88 CL) ewes.

Previous results in superovulated Santa Inés ewes (Rodrigues et al., 2019) and Dorper
ewes (Rocha et al., 2022), that were not subjected to any anti-luteolytic strategies such as
flunixin-meglumine administration, reported experimental groups with up to 45.2% of CLs
with morphological characteristics of premature regression and 25% of ewes with PRCL,
respectively. Although the cascade causing PRCL was possibly already in progress at the time

of reinsertion of the P4 device, the strategy tested indicates having either avoided additional
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PRCL and/or maintain the normal functioning of most CLs. The PRCL is a major cause of
naturally occurring subfertility in ruminants (Yaniz et al., 2008) and its occurrence is
exacerbated in superovulated animals (Okada et al., 2000; Oliveira et al., 2018; Rodriguez et
al., 2019; Rocha et al., 2022), and can occur in up to 75% of females (Fukui et al., 1998).
Although multifactorial causes have been postulated, this phenomenon is not completely
elucidated. There are indications of being initially triggered by changes in hormonal profiles
(Cognié et al., 1982; Braden et al., 1989; Lamming and Mann, 1995; Saharrea et al., 1998;
Chemineau et al., 2006), and/or in follicular (Cognié et al., 1982; Stubbings and Walton,
1986; Chemineau et al., 2006) and luteal cells (Braden et al., 1989; Okada et al., 2000;

Chemineau et al., 20006).

The P4 is synthesized by luteal cells, but they also play a crucial role in maintaining
their functionality. Due to the insufficient concentrations of P4, the chain responsible for the
release of oxytocin and prostaglandin is more sensitive to estrogens (Chemineau et al., 2006),
consequently, CLs are more sensitive to luteolytic substances (Braden et al., 1989). In
addition, P4 is known for its downregulation of oxytocin receptors in the luminal epithelium
(Wathes et al., 1996). Although not investigated in the present study, it could be circumvented
in part, progressive RPCL occurrence, because the strategy of P4 device reinsertion was
efficient to provide significantly superior plasma P4 concentrations during the presumed
critical days of most potential malefic effects of PRCL, when comparing P4 concentration on
the day before NSER in G-Control (4.0 + 1.3 ng/mL) and G-P4 ewes (9.2 + 2.8 ng/mL). As
well as device reinsertion in the present study, in a recent study, ewes receiving 300 IU hCG
on Day 4 after device removal showed superior plasma P4 concentration on the day before
NSER (11.1 ng/mL) when compared to control ewes (6.9 ng/mL) (Dias et al., 2022). In both
studies, the recovery rate was greater in treated sheep, and yet this group in the present study

had the greater number of ova/zona pelucidae/embryos recovered. Thus, possibly, the
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strategy of increasing P4 levels through an endogenous or exogenous way can be a valuable

tool to increase embryo production in superovulated sheep.

Despite the significantly greater number of ova/zone pelucidae/embryos recovered in
G-P4 compared to G-Control, no difference was seen in the number of viable embryos
recovered, since the embryo viability rate was low in both groups. Fertilization failures are
recurrent in multiple ovulation and embryo transfer programs in sheep (Evans and Armstrong,
1984). It can occur for several reasons, from poor oocyte quality to changes in the uterine and
oviductal environment that led to interference in sperm transit (Armstrong, 1993). The
problem may still have been potentiated in the present study because it was developed during
the non-breeding season (121°19" S latitude; Balaro et al., 2014), which may have reduced the
reproductive capacity of males (Benmoula et al., 2017), as already shown by the difference in
fertilization rate between breeding and non-breeding seasons in superovulated ewes (Okada et

al., 1999).

Summarizing, the three most important effects of reinsertion of the P4 device during
the early luteal phase in superovulated ewes were observed: (1) increase of P4 concentration
on days before the NSER, (2) reduction of CL dysfunction, and (3) increased of embryo yield.
These interesting and positive effects can be cost-effective because the device was reinserted
and reduced management when compared to three flunixin-meglumine administrations, used
to prevent PRCL (Figueira et al., 2020). This strategy reduces waste (syringes/needles) and
the amount of P4 in the final device discarded, which means less environmental contaminants.
Thus, intravaginal device reinsertion is more associated with the principles of 3Rs (Russell
and Burch, 1959) and green, clean, and ethical (Martin and Kadokawa, 2006) in animal

experimentation.
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5. Conclusions

The reinsertion of the intravaginal P4 device increases the plasma P4 concentration on
days before NSER and promotes a decrease in the percentage of PRCL, leading to a
consequent greater number of structures recovered. It can be considered as an additional tool
attempting to circumvent the potential negative effects of precocious CL regression in

superovulated ewes.
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Table 1. Endpoints (% or mean + S.E.M.) of crossbred Dorper/Santa Inés ewes receiving (G-

P4) or not (G-Control) reinsertion of intravaginal progesterone (P4) device, for four days,

during the early luteal phase promoted by synchronous estrus induction protocol followed to

superovulatory treatment”.

Endpoints G-Control G-P4 Pvalue
Estrus response (%) 90.0 (9/10) 100.0 (10/10) n.s.
Ewes with at least one CL on the day before

NSER (%) 100.0 (9/9) 100.0 (10/10) n.s.
Overall CL count per ewe 9.8 +2.4(88) 18.3 +4.4 (183) 0.09
Ewes with at least one PRCL on the day before

NSER (%) 44 .4 (4/9) 30.0 (3/10) n.s
Number of PRCL per ewe 2.8+1.9 (25 1.4+0.7 (14) n.s
Overall PRCL rate (%) 28.4 (25/88) 7.7 (14/183) 0.01
Ewes successfully penetrated and flushed (%) 66.7 (6/9) 70.0 (7/10) n.s.
Overall CL count per ewe flushed 12.7 £ 2.8 (84) 23.0+5.3(177) n.s.
Ova/zona pelucidae/embryos recovered 3.7+£2.0(22) 11.6 £2.9 (81) 0.03
Recovery rate (%) 24.5 +10.6 (22) 57.3+10.5 (81) 0.054
Viable embryos recovered” 0.3+0.3(2) 2.7+1.8(19) n.s.
Unfertilized ova 23+£2.1(17) 8.0x2.7(57) n.s.
Zona pelucidae 05+0.33) 0.7£0.7 (5) n.s.
Embryo viability rate (%) 9.1 (2/22) 23.5(19/81) n.s.
](E(;)v)es with ova/zona pelucidae/embryos recovered 66.7 (4/6) 100.0 (7/7) s,
Ewes with viable embryos recovered (%) 16.7 (1/6) 57.1 (4/7) n.s.

( ) number of variables involved.

" Intravaginal device (0.36 g of progesterone) for nine days plus six decreasing doses of pFSH

(133 mg, Folltropin-V®, from 60 h before P4 device removal) and two intramuscularly (i.m.)
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injections of 125 pg of cloprostenol at the fifth and sixth pFSH doses, and 50 pg of

gonadorelin i.m. at 24 h after P4 device removal.
“Grade 1, 2, and 3 embryos.
Figure legends:

Fig. 1. Schematic representation of the experimental procedures designed to evaluate the
effects of reinsertion of progesterone (P4) device (G-P4 vs. G-Control) in superovulated
crossbred Dorper/Santa Inés ewes that underwent non-surgical embryo recovery (NSER).
pFSH: porcine follicle stimulating hormone; Folltropin—V®; i.m. intramuscular; 1.v.

intravenous; CL: corpora lutea.

Fig. 2. Plasma progesterone (P4) concentration of superovulated ewes immediately before the
P4 device removal from the estrus induction protocol (D9), at the P4 device reinsertion (D13),
and at immediately before the reinserted P4 device removal (D17; 16 h before non-surgical
embryo recovery procedure) in crossbred Dorper/Santa Inés ewes submitted to a 9-day
progesterone-based estrus induction protocol associated with a superovulatory treatment using

six decreasing doses of pFSH (133 mg, Folltropin-V®, from 60 h before P4 device removal).

“b Means with different superscripts for days within the G-P4 group (P < 0.05). * P = 0.055

for statistical comparison between groups on D17.
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7 ANEXOS

Universidade Proppl. rteeutace ocura arerere

Federal Comissso de Etica no

Fluminense Uso de Animais
CERTIFICADO

Certificamos que a proposta intitulada "Administragdo de hCG em ovelhas receptoras: avaliagdo do efeito sobre
caracteristicas luteais, perfil plasmatico de progesterona e taxa de gestacao de embrides ovinos”, protocolada sob o
CEUA n? 3614141221 yip 001353}, Sob a responsabilidade de Felipe Zandonadi Brandao e equipe; Jeferson Ferreira da
Fonseca - que envolve a produgao, manutencdo efou utilizagdo de animais pertencentes ao filo Chordata, subfilo
Vertebrata (exceto o homem), para fins de pesquisa cientifica ou ensino - estd de acordo com os preceitos da Lei
11.794 de 8 de outubro de 2008, com o Decreto 6.899 de 15 de julho de 2009, bem como com as normas editadas
pelo Conselho Nacional de Controle da Experimentacdo Animal (CONCEA), e foi APROVADA pela Comissdo de Etica
no Uso de Animais da Universidade Federal Fluminense (CEUA/UFF) na reunido de 10/03/2022.

We certify that the proposal *Administration of hCG in recipient ewes: evaluation of the effect on luteal
characteristics, progesterone plasma profile and rate of gestation of sheep embryos®, utilizing 210 Ovines (10 males
and 200 females), protocol number CEUA 3614141221 o oo1355), under the responsibility of Felipe Zandonadi
Brandao and team; jeferson Ferreira da Fonseca - which involves the production, maintenance and/or use of animals
belonging to the phylum Chordata, subphylum Vertebrata (except human beings), for scientific research purposes or
teaching - is in accordance with Law 11.794 of October 8, 2008, Decree 6899 of July 15, 2009, as well as with the
rules issued by the National Council for Control of Animal Experimentation (CONCEA), and was APPROVED by the
Ethic Committee on Animal Use of the Federal University Fluminense (CEUA/UFF) in the meeting of 03/10/2022.

Finalidade da Proposta: Pesquisa (Académica)
Vigéncia da Proposta: de 04/2022 3 12/2023  Area: Medicina Veterinaria

Origem:  Animais de proprietarios

Espécie: Ovinos sexo: Fémeas idade: 12 a 60 meses  Quantidade: 150
Linhagem: Santa Inés Peso: 30260 kg

Origem:  Animais de proprietarios

Espécie: Ovinos sexo: Fémeas idade: 12 a 60 meses Quantidade: 50
Linhagem: Dorper Peso: 30360 kg

Origem:  Animais de proprietarios

Espécie: Ovinos sexo: Machos idade: 12 a 60 meses Quantidade: 10
Linhagem: Dorper Peso: 35260 kg

Niteroi, 27 de outubro de 2022

EWCM?QwE &ublu-'\s}ouua

Prof? Carla Eponina Prof® Caroline de Souza Barros
Coordenadora da Comiss3o de Etica no Uso de Animais "' Coordenadora “’Aﬁ‘i’m‘?‘“ aa Eich v Us) O
Universidade Federal Fluminense Universidade Federal Fluminense

Av. General Miton Tavares de Souza, s/n, 3 andar, Insthuto de Fisikca, Campus da praka Vermelhs « tek 55 [21) 36747669
Hordrio de atendimento: 2¢ 2 68 das 8 s 165 : e<mal coua proppi@id.ufl.br
CEUAN 3614141221

44



