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“Depois de algum tempo vocé aprende que o sol queima se ficar exposto por muito tempo. E
aprende que ndo importa 0 quanto vocé se importe, algumas pessoas simplesmente ndo se
importam. Aprende que as circunstancias e os ambientes tém influéncia sobre nos, mas nos
somos responsaveis por nés mesmos. Comeca a aprender que ndo se deve comparar com 0S
outros, mas com o melhor que pode ser. Aprende que ndo importa aonde ja chegou, mas onde
estd indo, e se vocé ndo sabe para onde esta indo, qualquer lugar serve. Aprende que
maturidade tem mais a ver com os tipos de experiéncia que se teve e 0 que vocé aprendeu
com elas, do que com quantos aniversarios vocé celebrou. Aprende que ha mais dos seus pais
em vocé do que vocé supunha. Aprende que nem sempre é suficiente ser perdoado por
alguém, algumas vezes vocé tem que aprender a perdoar a si mesmo. Aprende que com a
mesma severidade com que julga, vocé serd em algum momento condenado. Aprende que 0
tempo ndo é algo que possa voltar para tras. Portanto, plante seu jardim e decore sua alma, ao
invés de esperar que alguém lhe trouxesse flores. E vocé aprende que realmente pode
suportar... que realmente é forte, e que pode ir muito mais longe depois de pensar que ndo se
pode mais. E que realmente a vida tem valor e que vocé tem valor diante da vida!"



(William Shakespeare)
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RESUMO
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DE OOCITOS EM BOVINOS

AUTORA: ROBERTA LOPES DA SILVA TROIS
ORIENTADOR: PAULO BAYARD DIAS GONCALVES
Data e Local da Defesa: Santa Maria, 31 de outubro de 2011.

O objetivo do presente estudo foi examinar o papel da ocitocina (OT) no controle da
retomada meidtica de o6citos bovinos, além da interacdo desse peptideo com a progesterona
(P4) e prostaglandinas (PGs) neste evento fisiologico. Nesse estudo, verificamos a interacéo
da P4, OT e PGs na cascata de inducdo de retomada meidtica do odcito. Odcitos foram co-
cultivados com metades foliculares por 15 h para determinar o efeito de diferentes doses de
OT ou atosiban (ATO; antagonista do receptor de ocitocina) no reinicio da maturacao
meidtica A OT na concentracdo de 1 uM foi eficaz em induzir a retomada da meiose de
odcitos co-cultivados com células foliculares (84,0%), ndo diferindo estatisticamente do
grupo controle positivo (74,4%). O ATO inibiu o efeito positivo da OT sobre o reinicio da
meiose de uma forma dose-dependente onde a porcentagem de odcitos que atingiu o estadio
de metafase | (MI), foi apenas 27,6% na presenca de 10 uM de ATO, néo diferindo do grupo
controle negativo (25,5%). Para confirmar que este efeito ndo era resultante de toxicidade
ocasionada pelo ATO, foi realizado um experimento onde o efeito tdxico do ATO foi testado
em um cultivo durante 15 e 24 horas, e foi possivel observar que ele ndo apresenta efeitos
toxicos aos oocitos em cultivo, permitindo a retomada da meiose. Foi demonstrado também
que a P4 foi capaz de induzir a retomada da meiose do o6cito bovino ao qual foi inibida pelo
ATO. No entanto, o efeito positivo da OT n&o foi bloqueado pela mifepristona (antagonista
P4), mas foi inibida por indometacina (inibidor ndo-seletivo de PTGS2). Coletivamente, estes
resultados evidenciam que P4 requer OT e esta requer PGs para que odcitos bovinos reiniciem
a meiose. Em conclusdo, nossos resultados demonstram que, P4, OT e PGs sdo passos

sequienciais da cascata hormonal que culmina com a retomada da meiose em bovinos.

Palavras-chave: Ocitocina. Atosiban. Oécitos. Bovino. Reinicio da meiose.
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The aim of the present study was to examine the role of oxytocin (OT) on the control
of oocyte meiotic resumption in the events that involves progesterone (P4) and prostaglandins
(PGs). Oocytes were co-cultured with follicular hemisections for 15 h to determine the effect
of different doses of OT or atosiban (ATO; oxytocin receptor antagonist) on the oocyte
meiotic resumption. In another experiment, we examine the effect of P4, OT and PGs
interaction on the regulatory cascade of the induction of oocyte meiotic resumption. Oxytocin
in the concentration of 1 UM was effective in inducing the resumption of meiosis of oocytes
co-cultured with follicular cells (84.0%), not differing statistically from the positive control
group (74.4%). Similarly, atosiban inhibited the positive effect of OT on meiotic resumption
in a dose-dependent manner, in which the metaphase | (MI) rate was only 27.6% in the
presence of 10 UM ATO, not differing from the negative control group (25.5%). The possible
toxic effect of ATO was tested in a 15 or 24 h-cumulus-oocyte complex culture system. In the
third experiment, we demonstrated that P4 was able to induce the oocyte meiotic resumption,
which was inhibited by ATO. However, the positive effect of OT was not blocked by
mifepristone (P4 antagonist) but was inhibited by indometacine (a non-selective PTGS2
inhibitor). Collectively, these results evidenced that P4 is upstream to OT and PGs are
required for the positive effect of OT to induce oocyte meiotic resumption. In conclusion, our
results evince that together with Ang 11, already proved by our group as involved in oocyte
meiotic resumption, P4, OT and PGs are sequential steps in the hormonal cascade that

culminates with resumption of meiosis in cattle.

Key words: Oxytocin. Atosiban. Oocytes. Bovine. Meiotic progression.
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1 INTRODUCAO

A ovulacdo nos ruminantes é um evento iniciado por um aumento na liberacdo das
gonadotrofinas hipofisarias, que desencadeiam uma cascata de alteracBes bioquimicas,
morfoldgicas e moleculares no foliculo dominante, o qual culmina na liberacdo do odcito
maturo e posterior formagdo do corpo luteo [4, 5, 29]. O pico de gonadotrofinas pré-
ovulatéria desencadeia simultaneamente a retomada da maturacdo nuclear oocitaria e a
ovulacgdo, através de uma dindmica interacdo de fatores sistémicos e locais. Embora muito se
conheca sobre as rotas intracelulares que conectam as gonadotrofinas a liberacdo do gameta
feminino fértil e formacgdo do corpo luteo, com diferentes modelos experimentais, ainda
existem muitas lacunas a serem preenchidas [10].

Em células da granulosa, o LH também induz a expressao de fatores de crescimento
associados ao fator de crescimento epidermal (EGF) como anfirregulina, epirregulina e f-
celulina, que se ligam aos receptores EGF nessas células e induzem a expressdo dos genes da
cascata de producédo de prostaglandinas [51]. Os fatores de crescimento epidermais (EGF)
também foram recentemente apontados como principais mediadores dos efeitos do LH sobre a
expansdo do cumulus, maturacdo de odcitos e ovulacdo [40, 49]. Células da granulosa do
foliculo pré-ovulatoério respondem ao FSH, estradiol e IGF-1[46]. Sao altamente proliferativas
e expressam genes especificos que regulam o ciclo celular como, por exemplo, ciclina D2
[46]. Essas células da granulosa se diferenciam em resposta a esses hormdnios citados acima
e adquirem a habilidade de sintetizar estradiol via enzima aromatase, além de responder ao
LH [10]. A sinalizacdo ocorre através de receptores nucleares [11] que ativam adenosina
monofosfato ciclico (AMPc) e os membros da familia EGF [39].

Sabe-se que a angiotensina 1l (Ang Il), a progesterona (P4) e as prostaglandinas (PGs)
sdo agentes intermediarios das acOes desencadeadas pelo pico pré-ovulatorio de
gonadotrofinas, pois sem suas ac¢des, eventos como a ovulacdo e a liberacdo de um odcito
maturo sdo afetados negativamente [2, 16]. As funcBes atribuidas as PGs incluem
vasodilatacdo tecidual e alteracdes na regido apical do foliculo pré-ovulatorio [2, 35, 44]. [2]
demonstraram um possivel envolvimento das PGs via COX-2 é indispensavel durante a fase
final de diferenciacdo folicular e para a maturacdo nuclear do odcito. Como a Angll estimula
a sintese de COX-2 e prostaglandinas em diversos tecidos, incluindo o tecido ovariano,
Barreta et al., sugerem que o reinicio da meiose em o0citos bovinos induzido pela Angll

pudesse ser mediado pela produgéo de COX-2 e prostaglandinas. Entretanto, 0S mecanismos
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intrafoliculares que conectam o aumento plasméatico de gonadotrofinas ao incremento na
secrecdo de PGs no fluido folicular durante o periodo periovulatério ainda ndo séo totalmente
entendidos.

Os experimentos in vitro, com células foliculares coletadas em momentos conhecidos
em relacdo ao pico de gonadotrofinas, confirmaram que o LH é capaz de induzir a sintese de
P4 e a expressao de seu receptor (PR) [27, 28]. Da mesma forma a P4 parece nédo ser capaz
de regular a expressdo de PR [27]. Utilizando-se cultivo in vitro de células da granulosa,
demonstrou-se que é possivel inibir o aumento da secrecdo de PGs induzido por LH
adicionando-se um bloqueador de PR, e essa inibicdo pode ser revertida com a utilizacdo de
progestagenos [5]. Entretanto, a P4 se mostrou capaz de estimular a secrecdo de ocitocina
(OT), e essa parece estimular a rota das prostaglandinas [4].

Com isso, demonstra-se que existem diversos mecanismos de regulacdo e que
ocorrem no momento periovulatério, os quais sdo importantes para garantir a ovulacdo do
odcito maturo. A OT depende da rota da Ang Il (Siqueira et al., dados ndo publicados) , e
através de experimentos in vivo e in vitro se demonstrou que ha importante funcdo da Ang Il
no desenvolvimento folicular, inicio do processo ovulatério e progressdo meidtica do odcito
de bovinos [2, 16, 42, 43].

O reinicio da meiose de odcitos bovinos € um evento que ocorre durante o periodo
periovulatorio e, in vivo, € desencadeado pelo pico de gonadotrofinas [2]. Os resultados
indicam que a Ang Il é um fator permissivo, essencial e precoce para o reinicio da meiose,
pois esse peptideo é capaz de reverter o efeito inibitorio das células foliculares sobre a
maturacdo nuclear de o6citos bovinos [18], atuando via receptores do tipo AT2 [3]. Além
disso, a Ang Il estimula a expressdo de RNAm para COX-2 em cultivo de células da
granulosa [42, 43].

A partir disso, a proposta deste estudo foi determinar um melhor entendimento das
inter-relacbes hormonais no periodo periovulatério de bovinos. Para isso, primeiramente
buscou-se elucidar se os horménios citados acima pertencem a cascata ovulatdria e se sdo
fatores pertencentes a uma mesma rota de a¢do. Sendo isso comprovado, torna-se necessario
entender qual hormonio é estimulado primeiro pelo pico de gonadotrofinas e como este
regulara a acdo do seu sucessor. Buscando entender o papel da OT nos processos descritos,
este estudo avaliou a hipdtese de que a OT participa na progressdo da meiose de 00citos
induzidos pelo aumento de gonadrotofinas, juntamente com P4 e PGs.

Embriologicamente, o ovario se desenvolve a partir de um espessamento da por¢éo

ventral do ducto mesonéfrico, descrito como prega genital. As células germinativas
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produzidas no saco vitelinico migram e colonizam as gonadas indiferenciadas. Essas células
sdo chamadas de oogénias [1, 36]. O ovario € revestido pela tinica albuginea recoberto pelo
epitélio germinativo e é dividido em uma por¢cdo medular e outra cortical. O compartimento
medular possui tecido conjuntivo fibroelastico, nervos e vasos. As diferentes estruturas de
desenvolvimento do foliculo, incluindo formas atrésicas, corpos hemorragicos, corpos luteos
e corpus albicans sdo encontradas no cortex ovariano [22].

Os ovarios dos mamiferos exercem como fungdo exocrina a liberacdo de gametas e
enddcrinas, a producdo de hormdnios esterdides, peptideos e protéicos [55]. Os foliculos sdo
as unidades funcionais dos ovarios, proporcionando um microambiente para o crescimento e
para a maturacao do odcito. Nos foliculos bovinos, as células somaticas (células da granulosa
e da teca) mantém os odcitos até seu crescimento maximo e maturacdo. Segundo [20, 55], as
células somaticas provavelmente iniciam o processo de crescimento da célula germinativa.
[59] demonstram que o crescimento folicular e proliferacdo das células da granulosa podem
ser iniciados pelos proprios odcitos ou pelos fatores ovarianos independentemente das
influéncias hormonais.

O crescimento do foliculo e ovulagdo sdo controlado principalmente por dois
horménios pituitarios, o horménio foliculo estimulante (FSH) e o horménio luteinizante (LH)
[13]. Em Bos taurus, os foliculos dominantes obtém completa capacidade ovulatéria ao
atingir o diametro aproximado de 12 mm [50]. Esses foliculos sdo chamados de pré-
ovulatorios, os quais, a partir do pico de LH sofrem uma série de eventos regulatérios [46].
Entende-se por periodo periovulatorio o tempo entre o pico de LH e a owvulacéo,
caracterizando-se pelas mudancas morfoldgicas, bioquimicas e moleculares que culminam
com a liberacdo do odcito maturo [47]. O pico ovulatdrio de LH desencadeia a expresséo final
de genes associados com a foliculogénese, até 0 momento imediatamente anterior ao processo
de ovulacdo [53], e os padrdes de sinalizagdo iniciam a luteinizacdo das células da teca e
granulosa para formacdo do corpo luteo [48]. Muitos eventos sdo espacialmente restritos a
microambientes especificos dentro ou ao redor do foliculo para permitir com sucesso a
liberacdo do complexo cumulus-odcito a partir do rompimento do foliculo [10]. As células
somaticas presentes no foliculo sdo responsaveis pela nutricdo do odcito e regulam sua
maturacdo nuclear, citoplasméatica e molecular, de maneira que participar do processo de
selecdo dos foliculos para a ovulagdo e também para atresia daqueles que ndo sdo
selecionados. Em parte estas alteraces sdo induzidas pelos produtos secretados por aquelas

células no fluido folicular que permeia o oocito. Por outro lado, as projegdes celulares (“gap
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junctions”) do cumulus se comunicam diretamente com o citoplasma do odcito promovendo a
transferéncia dos nutrientes e demais fatores modulatorios [20].

Segundo [34], muitos o6citos sofrem processos degenerativos como resultados de
erros genéticos ocorridos durante o “crossing over” ou devido a distirbios metabdlicos e/ou
vasculares. Na fémea bovina, em torno dos 72-82 dias de gestagdo, alguns odcitos ja iniciam a
primeira profase meiotica, passando entdo pelos estadios de leptoteno, zigoteno, paquiteno e
dipléteno, na qual ocorre o primeiro bloqueio da meiose, também denominado estadio de
dictioteno da préfase | ou de vesicula germinativa [45]. A maturacdo do odcito tem por
objetivo formar uma célula hapldide (bloqueada em metafase 11 - Mll), apta a ser fecundada, e
que tenha capacidade para suportar os primeiros estagios de desenvolvimento embrionario,
até a ativacdo do seu genoma. Os o6citos bovinos adquirem progressivamente a competéncia
meidtica (capacidade de reiniciarem a meiose), de modo que, com tamanho em torno de 110 -
115um em foliculos com 2-3mm de didmetro esta se completa [14, 38]. In vivo, o reinicio da
divisdo meiotica ocorre somente, em oo6citos inclusos em foliculos pré-ovulatorios e
competentes, em resposta ao surgimento do pico de LH ovulatorio.

Porém, in vitro, esse processo € desencadeado independentemente de horménios,
simplesmente pela remocdo do odcito competente do ambiente folicular [41]. A interacdo
entre odcito, células da granulosa e células da teca, pela liberacdo de fatores autdcrinos e
paracrinos, determinam o controle do desenvolvimento folicular e maturacdo oocitaria [12].
Estes fatos evidenciam que no foliculo sdo produzidos fatores inibitorios que impedem a
maturagdo nuclear, e que com o surgimento do LH ovulatorio a maquinaria celular das células
foliculares ¢ alterada cessando a producdo de fatores inibidores e estimulando a sintese de
fatores promotores da meiose [9].

O reinicio da meiose, tanto in vivo como in vitro, inicia pelo rompimento da
membrana nuclear e condensacdo da cromatina no processo denominado de rompimento da
vesicula germinativa (RVG), progredindo sucessivamente para os estadios de metafase | (Ml),
anafase | (Al), teléfase | (T1) e MII, na qual ocorre o segundo bloqueio da meiose [19]. O
tempo requerido para a maturagdo nuclear varia entre as espécies. No bovino, a RVG ocorre
de 7 — 12 horas, a MI de 12-15 horas, a Al e a Tl de 15-18 horas e a MIl 18-22 horas ap0s 0
pico pré ovulatorio de LH ou apds a remocdo do o6cito do ambiente folicular [52, 57].

A regulacdo da meiose em bovinos é extremamente complexa, incluindo eventos de
fosforilagdo e de desfosforilagdo. O armazenamento de RNAm, através do encurtamento da
cauda poli-A, principalmente para o fator promotor da maturacdo (MPF) é necessario para

conferir competéncia para o odcito[15](Ferreira et al., 2008)(Ferreira et al., 2008)(Ferreira et
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al., 2008). O MPF é uma proteina de 79kD composta por 1 subunidade catalitica (34kD)
conhecida como p34Cdc2 kinase e uma subunidade regulatéria (45kD) conhecida como
ciclina B [17]. Para a ativacdo do MPF, a treonina-14 e a tirosina-15 da subunidade catalitica
devem ser desfosforiladas pela enzima Cdc25 fosfatase [30, 33]. Os odcitos em fase de
crescimento tém niveis baixos de p34Cdc2 e ndo progridem da fase G2 (intervalo entre
sintese de DNA e divisdo celular) para a fase M (divisao celular, meiose), entretanto, no final
da fase de crescimento hd um grande aumento na concentracgdo e atividade da p34Cdc2 para a
aquisicdo da competéncia meidtica [6, 8]. Durante a RVG, o0s niveis de MPF estdo baixos,
tendo um aumento gradual até atingir niveis maximos no estadio de MI. Apos essa fase, 0
MPF apresenta uma diminuicdo significativa coincidindo com Al e Tl, e um novo aumento é
observado em MII, que é mantido por varias horas no odcito, diminuindo gradativamente
depois de 30 horas de maturacdo ou imediatamente apés a fecundagéo e ativacéo [31, 57]. O
processo de maturacdo nuclear do o6cito compreende o término da primeira redugdo meidtica,
incluindo as fases desde a progressao de diploteno da primeira profase meiotica até metafase
I1 (MII). In vivo, esse processo tem inicio simultaneamente com o pico pré-ovulatério de LH
e, in vitro, com a retirada do o6cito do ambiente folicular [23, 25, 37].

O desenvolvimento do odcito in vivo necessita de um periodo de 72 horas para
retomada da meiose e progressao até MIl, incluindo a maturacédo e fertilizacdo dos odcitos
dentro da tuba uterina [56, 58]. In vivo 0s od4citos permanecem vidveis por um periodo
superior a 96 horas, e as condicdes ideais para a maturagéo in vitro podem diferir de outros
mamiferos que ovulam odcitos na MII da primeira divisdo meiotica [7, 23, 24, 37].

Em estudos de maturacdo e fecundacdo in vitro diversos protocolos foram propostos com
resultados semelhantes. A maturacdo meiotica refere-se ao processo de conversdo dos o6citos
completamente crescidos, dos foliculos antrais, em odcitos nédo fertilizados antes da ovulagéo,
seguido da estimulacdo por gonadotrofinas, FSH e LH. O processo envolve a progressao
nuclear de dipl6teno da primeira préfase meiotica (M) até a MlI, e alteragdes meioticas para
ativacdo do odcito na fertilizagdo. Portanto, a maturagdo nuclear, e a maturacdo das demais
organelas celulares (citoplasmatica) sdo condicBes essenciais para que ocorra a fertilizacdo do
odcito e desenvolvimento inicial dos embrides. O nicleo do odcito primario permanece nesta
condicdo invariavel até a atresia ou retomada da meiose, em diacinese, em resposta aos
horménios gonadotroficos se estiver em um foliculo terciario saudavel. Quando retirados dos
foliculos e maturados in vitro os o6citos da maioria dos mamiferos sofrem maturacédo
espontanea [26]. A morfologia dos CCOs e o didametro do oocito séo parametros utilizados

para inferir sobre a competéncia de maturacdo. Objetivando melhores resultados na maturacao
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in vitro recomenda-se apenas a selecdo de CCOs de grau 1, selecionados para maturacéo in
vitro [21, 23, 25, 58]

A maturacdo de odcitos in vitro € um mecanismo complexo onde sdo realizadas
tentativas de se reproduzir as condigdes observadas no foliculo ovariano pré-ovulatério. As
pesquisas nesta area do conhecimento representam potenciais contribuicdes para o estudo dos
mecanismos basicos envolvidos na maturacao e na interacdo entre os gametas. Desta forma a
pesquisa produz conhecimentos que potencialmente contribuem para a elucidacéo de aspectos
pertinentes aos complexos mecanismos da fisiologia dos o6citos, bem como podem subsidiar
outras pesquisas nas areas de biotecnologia da reproducdo. Torna-se importante o
conhecimento do papel da OT durante esse processo ajudando a um melhor entendimento das
funcbes fisiologicas, aplicacdo em biotecnologias da reproducdo e no tratamento de
infertilidade. As biotécnicas da reproducdo podem ser adaptadas para a melhoria do
desempenho reprodutivo das diferentes espécies [32]. A proposta do presente estudo foi
caracterizar a presenca e regulacdo da OT na maturacdo nuclear durante o processo ovulatério

de bovinos.
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ABSTRACT

The aim of the present study was to examine the role of oxytocin (OT) in the progesterone
(P4) and prostaglandins (PGs) pathway to induce oocyte meiotic resumption. Oocytes were
co-cultured with follicular hemisections for 15 h to determine the effect of different doses of
OT or atosiban (ATO; oxytocin receptor antagonist) on oocyte meiotic resumption. In another
experiment, we examined the effect of the P4, OT and PGs interaction on the regulatory
cascade of the oocyte meiotic resumption. Oxytocin at 1 pM was effective in inducing
resumption of meiosis in oocytes co-cultured with follicular cells (84.0%), not differing from
the positive control group (74.4%). Atosiban inhibited the positive effect of OT on meiotic
resumption in a dose-dependent manner (27.6% of metaphase | (MI) in the presence of 10 uM
ATO, not differing from 25.5% in the negative control group). In the third experiment, we
demonstrated that P4 was able to induce oocyte meiotic resumption, which was inhibited by
ATO. However, the positive effect of OT was not blocked by mifepristone (P4 receptor
antagonist) but was inhibited by indometacine (a non-selective PTGS2 inhibitor).
Collectively, these results evidenced that P4 is upstream to OT as well as PGs are required for
the positive effect of OT to induce oocyte meiotic resumption. In conclusion, our results
suggest that P4, OT and PGs are sequential steps in the hormonal cascade that culminates

with resumption of meiosis in cattle.

Keywords: oxytocin; atosiban; oocyte; meiotic progression; bovine
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1. Introduction

Oocytes are arrested in the first meiotic prophase during follicular development, and
LH preovulatory surge is required for meiotic resumption. However, bovine cumulus-oocyte
complexes (COCs) are devoid of LH receptors [13, 30]. Therefore, the triggering signal for
meiotic resumption must come through LH receptors in theca and mural granulosa cells [2,
28, 43].

Meiotic resumption is inhibited, at least temporarily, when COCs are co-cultured with
follicular wall [32], indicating that follicular cells produce factors that inhibit meiotic
progression. This co-culture system has been demonstrated to be a good model to study
factors that regulate oocyte nuclear maturation by follicular cells [15, 41]. Using such model,
we have provided evidences that angiotensin Il (Ang Il) acts through prostaglandin (PGs)
pathway to mediate gonadotropin-induced oocyte meiotic resumption [3].

We have also observed that Ang Il regulates secretion of progesterone (P4) and PGs
(unpublished data), hormones involved in the ovulatory process [5, 20]. Angiotensin Il added
to LH-stimulated cells induces an increased abundance of prostaglandin synthase 2 (PTGS2)
MRNA and protein in granulosa cell culture [43]. This is the rate-limiting enzyme for PGs
production [9] and its pathway is a classical mediator of LH-induced ovulation and nuclear
oocyte maturation in cattle [3]. Likewise, P4 is an essential component of the ovulatory
cascade and there are clear evidences that PGs are downstream factors to this steroid [34].
Gonadotropin surge stimulates a rise in intrafollicular P4, which binds to its nuclear receptor
and increases the abundance of mRNA for PTGS2 [13]. The role of P4 in bovine oocyte
nuclear maturation is yet to be clarified. Sirotkin [37] has shown a stimulatory effect of P4 on
oocyte meiotic resumption. However, other reports have concluded that such hormone is not
required for nuclear maturation [36, 47]. Recently, it was demonstrated that P4 from cumulus

cells plays a role in developmental competence during in vitro oocyte maturation [1].
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The peptide oxytocin (OT) is another factor that has been identified in the follicular
fluid of a number of mammalian species, including cattle [12, 18, 21-23, 35, 48, 49].
Oxytocin is synthesized concomitantly with neurophysin I in cows [35] and ewes [50]. The
expression of oxytocin/neurophysin-1 (OT/NP-1) gene has been observed in bovine granulosa
cells, resulting in OT synthesis and secretion [10, 17, 25]. Gene expression of the OT receptor
(OTR) has also been observed in granulosa and cumulus cells in cattle [14]. Granulosa cells
isolated after the preovulatory gonadotropin surge secrete 20-fold more OT in vitro than
granulosa cells isolated before the preovulatory gonadotropin surge [45, 46]. Moreover, the
expression of OT/NP-I mRNA is higher in granulosa cells after than before LH surge [19].
Oxytocin/neurophysin- mRNA accumulation and OT synthesis and secretion are tightly
synchronous in the follicle during the preovulatory stage [46]. There are evidences that OT
plays a role in ovulation [44], oocyte maturation [14] and cumulus expansion [46]. However,
only limited information is available on the role of OT in controlling oocyte nuclear
maturation. We have examined the hypotheses that OT is involved in controlling oocyte

meiotic resumption, acting in the same pathway of P4 and PGs.

2. Materials and methods

All experimental procedures were reviewed and approved by the Federal University of

Santa Maria Animal Care and Use Committee (ACUC n° 001/2011). The chemicals were

purchased from Sigma-Aldrich (Brazil) unless otherwise specified.

2.1 Oocyte recovery and in vitro maturation

Bovine ovaries at different stages of the estrous cycle were obtained in local abattoir
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and placed in saline solution (0.9 % NaCl) at 30 °C containing 100 IU/mL penicillin and 50
pg/mL streptomycin sulfate. The ovaries were transported to the laboratory in less than an
hour and then rinsed three times with 0.9 % NaCl at 30 °C. The maximum interval between
collection and the beginning of follicle aspiration was 4 h.

Cumulus-oocyte complexes were aspirated from follicles between 3 and 8 mm in
diameter, recovered under a stereomicroscope and selected according to criteria outlined
elsewhere [24]. Only grade 1 and 2 COCs were used and randomly distributed in different
treatments. The COCs were cultured in 200 pL (about 1 oocyte/10 uL of medium) of
maturation medium at 39 °C in a saturated humidity atmosphere with 5 % CO,, for 15 or 24 h.
The basic maturation medium consisted of TCM-199, containing Earle’s salt and L-glutamine
(Gibco Labs., Grand Island, NY) supplemented with 25 mM HEPES, 2.2 mg/mL sodium
bicarbonate, 5.0 ug/mL LH (Lutropin®-V, Bioniche, Ontario, Canada, USA), 0.5 ug/mL FSH
(Folltropin®-V, Bioniche, Ontario, Canada, USA), 100 IU/mL penicillin, 50 pg/mL
streptomycin sulfate, 0.2 mM pyruvic acid and 0.4 % fatty acid-free BSA. The basic medium
was supplemented with OT, atosiban (ATO; OT receptor antagonist), mifepristone (MIFE; P4

antagonist) or indometacine (INDO; non-selective PTGS2 inhibitor), according to treatment.

2.2 Preparation of the follicular hemisections

Theca and granulosa cells were isolated from ovarian follicles and dissected free of the
stromal tissue [32]. Follicles measuring 2 to 5 mm in diameter were sectioned into two equal
halves with a scalpel blade, and their respective oocytes were discarded. The follicular
hemisections were washed three times in TCM 199 with 0.4 % BSA, randomly distributed
into 4-well culture plates (Nunc®, Roskilde, Denmark) containing culture medium with the

desired treatment (two follicular halves per 50 pL of medium) and incubated for 2 h before
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adding the COCs under the same conditions described above for in vitro oocyte maturation.
Dissection and follicle culture procedures have been successfully conducted in our laboratory
and validated by measuring progesterone and estradiol ratio and by histological analysis [3,
15, 41]. Most of the cattle oocytes do not proceed with the meiotic divisions when co-cultured

with follicular cells for 15 h or 24 h [6, 15, 32].

2.3 Analysis of nuclear maturation

At the end of the maturation period, cumulus cells were removed by vortexing for 5
min and the oocytes were fixed with paraformldehyde 4 % for 15 min followed by
permeabilization of the nuclear membranes with 0.5 % Triton X-100 for at least 2 h. After this
period, the oocytes were exposed to 10 pg/mL bisbezimide (Hoescht 33342) in a drop on
glass slide and covered with a cover slip. Evaluation of nuclear maturation was performed
under UV light in a fluorescent microscope and classified based on their nuclear chromatin
configuration in germinal vesicle (GV), GV breakdown (GVBD), metaphase | (Ml), anaphase
I (Al), telophase I (TI) and metaphase 11 (MII). The oocytes were considered to have resumed
meiotic division when reached MI at 15 h of culture. Only oocytes that reached MII were

considered fully mature in 24-h culture.

2.4 Nucleic acid extraction and RT-PCR

Total RNA was extracted from the COCs using Trizol (Invitrogen) according to the
manufacturer’s instructions and was quantified by absorbance at 260 nm using a

NanoDrop1000 spectrophotometer (Thermo Scientific). Purity was assessed through
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absorption ratio OD260/0D280 and samples with values below 1.8 were discharged. RNA
integrity was checked by electrophoresis on 1 % agarose gel stained with ethidium bromide.

Total RNA (1 pg) was first treated with 0.2 U DNase (Invitrogen) at 37 °C for 5 min
to digest any contaminating DNA, followed by heating at 65 °C for 3 min. RNA was reverse-
transcribed (RT) in the presence of 1 uM oligo (dT), 4 U Omniscript RTase (Omniscript RT
Kit; Qiagen, Mississauga, ON, Canada), 0.5 mM dideoxynucleotide triphosphate (dNTP) mix,
and 10 U RNase Inhibitor (Invitrogen) in a volume of 20 pL at 37 °C for 1 h. The reaction
was terminated by incubation at 93 °C for 5 min.

PCR was performed in a PX2 Thermal Cycler thermocycler (Thermo Scientific) using
the enzyme Platinum® Tag DNA polymerase (Invitrogen) in a final volume of 25 uL reaction
in a total of 40 cycles of amplification. The amplification products were visualized in 2.5 %
agarose gel stained with ethidium bromide and observed in the UV light. The primers of
neurophysin-l/oxytocin (NP-1/OT; primer sense CACCATGGCAGGTTCCA and anti-sense
GGGCAGTTCTGAATGTAGCA), and oxytocin receptor (OTR - primer sense
GTCAGCAACGTCAAGCTCATCT and anti-sense AGACACTCCACATCTGCACGAA)
were designed based on GenBank sequences using Primer Express Software 3.0 and

synthesized by Invitrogen.

2.5 Experiment I: Dose-response of oxytocin in oocyte meiotic resumption

To evaluate the effect of OT on oocyte meiotic resumption, grade 1 and 2 COCs
(n=270) derived from abattoir ovaries were co-cultured with follicular hemisections treated
with oxytocin at 0.1 uM (n=45), 1 uM (n=45) and 10 uM (n=45). As controls, COCs were
cultured in the basic maturation medium without follicular hemisections (positive control;

n=45) or in the presence of follicular hemisections (negative control; n=45). After 15 h in the



27

in vitro maturation system, oocytes were denuded, fixed and then stained for assessment of

the nuclear maturation. This experiment was performed in triplicate.

2.6 Experiment Il: Dose-response of atosiban in oocyte meiotic resumption

Atosiban was used to verify the effect of OT on oocyte nuclear maturation. COCs
(n=270) obtained from abattoir ovaries were co-cultured with follicular hemisections treated
with OT at 1 uM and different doses of atosiban at 0.1 uM (n=45), 1 uM (n=45) and 10 uM
(n=45). As controls, COCs were cultured in the basic maturation medium without follicular
hemisections (positive control; n=45) or in the presence of follicular hemisections (negative
control; n=45). Following a 15-h in vitro maturation, oocytes were processed as described in
2.5. The experiment was performed in triplicate. To assess a possible toxic effect of atosiban
on COCs development, COCs without follicular hemisections were cultured in the presence
(n=45) or absence (n=45) of 10 uM atosiban. After 15- and 24-h in vitro culture, oocytes were
fixed, stained and submitted to fluorescence microscopy for evaluation of nuclear maturation.

These two experiments (two culture periods) were performed in triplicate.

2.7 Experiment I11: Oxytocin in the cascade of oocyte meiotic resumption

Cumulus-oocyte complexes (n=630) were co-cultured with follicular hemisections in
the presence of P4 (100 ng/mL; n=30), P4 plus ATO (100 ng/mL and 1 uM; n=30), OT (1
KUM; n=30); OT plus MIFE (1 uM each; n=30) or OT plus INDO (1 uM and 10 uM; n=30) for
15 h. Cumulus-oocyte complexes cultured in the basic maturation medium with or without

follicular cells were used, respectively, as negative or positive control groups. The experiment
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was performed in triplicate. Oocytes were denuded, fixed and then stained after a 15-h in vitro

culture to evaluate nuclear maturation.

2.8 Statistical analysis

Effect of treatments on nuclear maturation rate was assessed using a generalized linear
model (Proc Genmod) with fitted binomial distribution of logit-transformed data and
including replicate as random effect. Multi-comparison between groups was further analyzed
by least squares means. Statistical analyses were performed using the SAS statistical program
(SAS Institute Inc., Cary, NC) and 5% was the significance level. Data are represented as

percentage of nuclear maturation in each group.

3. Results

Initially, we examined mRNA presence for NP-1/OT and OTR by conventional RT-
PCR in bovine COCs. Agarose gel electrophoresis of RT-PCR products revealed a single

band consistent with NP-1/OT (81 bp) and OTR (121 bp).

3.1 Experiment I: Dose-response of oxytocin in oocyte meiotic resumption

The hypothesis tested in this experiment was that OT induces meiotic resumption in
cattle oocytes. Bovine COCs from abattoir ovaries were co-cultured with follicular
hemisections for 15 h with OT at 0.1 uM, 1 uM or 10 uM. Oxytocin induced resumption of

meiosis in bovine oocytes co-cultured with follicular cells in a dose dependent manner (Fig.
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1). The highest MI rate was observed when oocytes were co-cultured with follicular cells

treated with 1 uM OT (P<0.05).

3.2 Experiment 11: Dose-response of atosiban in oocyte meiotic resumption

The hypothesis that ATO blocks nuclear maturation in cattle oocytes was tested in this
experiment. Cattle COCs recovered from abattoir ovaries were co-cultured with follicular
hemisections for 15 h with ATO at 0.1 uM, 1 uM or 10 pM. These doses of ATO were
supplemented with 1 uM of OT. ATO inhibited oocyte nuclear maturation induced by OT in a
dose-dependent manner (Fig. 2). To verify a possible toxic effect of the OT antagonist, COCs
without follicular hemisections were cultured for 15 and 24 h in the presence or absence of
atosiban (10 uM). This experiment was performed in triplicate. Toxic effects of ATO were
not observed in cattle oocytes. The rates of oocytes in MI when cultured for 15 h in the
presence or absence of ATO were 94.8 % and 93.5 %, respectively. The rates of oocytes in
MII when cultured for 24 h in the presence or absence of ATO were 88 % and 85 %,

respectively.

3.3 Experiment I11: Oxytocin in the cascade of oocyte meiotic resumption

The role of OT in the cascade of oocyte meiotic resumption was evaluated. Cumulus-
oocyte complexes (n=630) were co-cultured with follicular hemisections for 15 h in the
presence of P4, P4+ATO, OT, OT+MIFE or OT+INDO. Oocytes in MI or latter stages were
considered to have a normal resumption of meiosis. Progesterone or OT induced meiotic
resumption (Fig. 3). However, the positive effects of P4 and OT on meiotic resumption were

partially inhibited by ATO and INDO, respectively. On the contrary, the presence of MIFE
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did not inhibit the positive effect of OT.

4. Discussion

Our significant findings are: (1) neurophysin-l1/oxytocin and oxytocin receptor mRNA
are present in cattle cumulus-oocyte complexes (data not shown); (2) oxytocin induced oocyte
meiotic resumption, whereas atosiban blocked it, both in a dose-dependent manner; and (3)
progesterone required oxytocin, which, in turn, required prostaglandins, to induce oocyte
meiotic resumption. These results indicate that the events leading to oocyte meiotic
resumption are coordinated by a signaling cascade involving the sequence: P4, OT and PGs.

Firstly, we examined the presence of NP-I/OT and OTR mRNA in bovine cumulus-
oocyte complexes to study the role of OT in oocyte meiotic resumption. In the first trial, we
found that NP-I/OT and OTR mRNA were present in bovine COCs. Oxytocin and OTR
MRNA are expressed in granulosa cells of several mammalian species, such as bovine [46],
baboon [21], swine [18] and human [49]. Gonadotropins promoted a dramatic increase in the
levels of OT and its mMRNA in granulosa cells of preovulatory follicles in vitro [45, 46] and in
vivo [23, 45, 46, 48]. In cumulus cells, the presence of OT and OTR mRNA was detected in
human [14]. Furthermore, OT stimulated cumulus expansion in bovine COCs [29]. Therefore,
our findings showing the presence of OT and OTR mRNA in bovine cumulus-oocyte
complexes are consistent with these previous studies and were necessary for the next
experiments.

In vivo, a gradually increase of oxytocin was observed in follicular fluid after GnRH
challenge, reaching the maximum level just before ovulation (at 24 h) [20]. In this study,
oxytocin induced oocyte meiotic resumption in a dose-dependent manner. The doses 0.1, 1

and 10 uM were based on studies with granulosa cells of cattle [7, 39], porcine [38] and
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human [40]. Oxytocin treatment at 0.1 or 10 pg/ml stimulated PGF,a secretion while only
lower (0.001 or 1 pg/ml) doses increased cAMP in human granulosa cells [40]. In cattle, OT
induced progesterone production by granulosa cells in a dose-dependent manner (at 0.5, 5, 50,
and 500 mIU/ml OT) [7].

In the present study, the effect of OT on bovine oocyte meiotic resumption was
validated by a competitive OT antagonist. Atosiban inhibited the positive effect of OT on
oocyte meiotic resumption in a dose dependent manner, reaching maximum inhibition at 10
puM. Evidently, this inhibition could be caused by a toxic effect of ATO on COCs. To discard
such possibility, we cultured COCs without follicular cells and in the presence of 10 uM ATO
for 15 and 24 h. In the absence of follicular cells, ATO had no inhibitory effect on oocyte
meiotic maturation, supporting the evidence that resumption of meiosis was not affected by a
toxic action of this antagonist (data not shown). Atosiban has been used for many years to
inhibit in vivo myometrial activity in pregnant animals [26] and humans [16].

Progesterone is essential to induce PGs secretion during the ovulatory process [5]. The
finding that P4 is required for meiotic resumption has been well described in Xenopus oocyte
[17, 27], but has not been extensively studied in mammals [34]. In mammals, meiotic
resumption is triggered concomitantly with the gonadotropin preovulatory surge [42]. Several
factors are involved in the process of releasing the matured oocyte [33]. Angiotensin 1l (Ang
I1), converted in angiotensin-(1-7), stimulates P4 synthesis [8]. Angiotensin 11 is required for
LH-induced bovine ovulation [11] and oocyte meiotic resumption, and PGs play a key role in
this event as a potential mediator of Ang Il [3]. It has also been demonstrated that P4 may
stimulate the secretion of OT, which, in turn, excites the route of PGs [4]. MIFE inhibited the
resumption of meiosis induced by Ang Il in vitro and prevented GnRH-induced oocyte
meiotic resumption in vivo (Siqueira et al, submitted data). Based on these evidences, the role

of P4, OT and PGs in oocyte meiotic resumption in a hormonal cascade has been



32

demonstrated in the present study in an unprecedented manner.

Granulosa and theca cells of periovulatory follicles expressed OT receptor mRNA
[20]. Jo and Fortune [19] have reported that OT had no effect on progesterone or
androstenedione production by theca cells from bovine preovulatory follicles obtained before
the LH surge and cultured in the presence or absence of LH [7, 45]. However, the production
of the nonapeptide hormone OT by granulosa cells of preovulatory follicles increases
dramatically between the LH/FSH surge and ovulation [23, 45, 46, 48]. There are also strong
evidences that, at the periovulatory period, progesterone mediates LH action to increase
PTGS2 mRNA and PGs in the ovulatory cascade [5]. Together, these studies about ovulation
support the hypothesis that P4, OT and PGs play an important role in oocyte meiotic
resumption. Testing this hypothesis, we observed that P4 was able to stimulate the resumption
of meiosis when oocytes were cultured with follicle hemisections, and ATO inhibited this
positive effect of P4. Furthermore, OT induced oocyte meiotic resumption, and INDO, but not
MIFE, blocked this OT effect. Our previous study showed that INDO is not toxic for COCs
[3]. In conclusion, our results provide strong evidences to support a new model, in which P4
stimulates OT to activate PTGS2 to induce PGs synthesis, all acting in a cascade to trigger

oocyte meiotic resumption in cattle.
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Figure captions

Fig. 1. Effect of oxytocin on oocyte nuclear maturation. Resumption of meiosis rates after co-
culture of bovine cumulus-oocyte complexes (n=270) and follicular hemisections treated for
15 h with different concentrations of oxytocin (OT; 0.1 uM, 1 uM or 10 uM). The experiment

was performed in triplicate. Different letters indicate significant difference (P<0.05).

Fig. 2. Effect of atosiban on oocyte nuclear maturation. Resumption of meiosis rates after co-
culture of bovine cumulus-oocyte complexes (n=270) and follicular hemisections treated for
15 h with different concentrations of atosiban (ATO, 0.1 uM, 1 pM or 10 puM). All the
treatments were supplemented with oxytocin 1 uM (OT). The experiment was performed in

triplicate. Different letters indicate significant difference (P<0.05).

Fig. 3. Oxytocin in the cascade of oocyte meiotic resumption. The cumulus-oocyte complexes
(n=630) were co-cultured for 15 h with progesterone (P4; 100 ng/mL), progesterone plus
atosiban (ATO; 100 ng/mL and 1 puM); oxytocin (OT; 1 puM); oxytocin plus mifepristone
(MIFE; 1 uM and 1 uM); and oxytocin plus indomethacin (INDO; 1 uM and 10 uM). The
experiment was performed in triplicate. Different letters indicate significant difference

(P<0.05).
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4 CONCLUSAO

Nossos resultados fornecem fortes evidéncias de um novo modelo fisioldgico, no qual
P4 requer OT e esta necessita PGs, induzindo uma cascata para desencadear a retomada
meidtica de o0citos em bovinos.

A hipotese de que a OT é necessaria para o reinicio da meiose em odcitos bovinos,
bem como sua posic¢do no ciclo ovulatério, foram testadas no presente estudo.

Os resultados aqui apresentados complementam descobertas anteriores sobre o reinicio
da meiose do odcito e a ovulacdo, evento este intimamente relacionado a maturacao do o6cito
[16, 18, 54]. No entanto, mais pesquisas sdo necessarias a fim de elucidar a regulagdo e a
importancia da OT durante a cascata ovulatoria.
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