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RESUMO

O presente estudo avaliou o efeito de diferentes niveis de ofertas hidricas e de leptina sobre a
foliculogénese de ovelhas mestigas da raga Santa Inés (Experimento 1), e o efeito da leptina no
cultivo in vitro de foliculos antrais iniciais isolados de ovelhas Sem Padrao Racial Definido (SPRD;
Experimento I1). No primeiro experimento, 32 ovelhas (n = 08 ovelhas por tratamento) foram
submetidas a diferentes niveis de ofertas hidricas: 100% de &gua (ad libitum — controle) e 80%;
60% e 40% de ofertas hidricas da ingestdo de &gua do grupo controle, durante 63 dias. Sangue foi
coletado para a determinacdo de estradiol e de progesterona. Ao final do experimento, as ovelhas
foram pesadas, abatidas e seus ovarios e Uteros foram pesados. Os ovarios foram destinados a
andlise histologica do cortex ovariano; a maturagdo in vitro (MIV) de odcitos de foliculos antrais
crescidos in vivo; ou ao cultivo in vitro de foliculos secundarios isolados na auséncia (a-MEM®) ou
na presenca (10 e 25 ng/mL) de leptina, por 12 dias. No experimento Il, 50 pares de ovarios de
ovelhas SPRD foram destinados ao cultivo in vitro de foliculos antrais iniciais isolados em meio
suplementado com concentracdes de leptina (0; 2 e 10 ng/mL), por 12 dias. Ao final do cultivo,
odcitos foram destinados a MIV e posteriormente, a analise de atividade mitocondrial e de espécies
reativas de oxigénio (ERO). A oferta hidrica de 40% reduziu a sobrevivéncia de foliculos pré-
antrais, especialmente de foliculos primordiais (P<0,05). A concentracdo de 25 ng/mL de leptina
apresentou maior didmetro folicular, taxa de crescimento total e diario de foliculos de ovelhas que
tiveram 60% de oferta hidrica (P<0,05) em comparacéo aos foliculos cultivados em a-MEM®. A
concentracdo de 2 ng/mL de leptina resultou em maior porcentagem de foliculos morfologicamente
normais, odcitos totalmente crescidos, retomada da meiose e niveis de mitocdndrias ativas quando
comparado ao meio controle (TCM 199*; P <0,05), mas néo diferiu quando comparado & 10 ng/mL
de leptina (P>0,05). Em conclusdo, a oferta hidrica de 40% reduz a sobrevivéncia in situ de
foliculos pré-antrais, principalmente de foliculos primordiais. A leptina (25 ng/mL) estimula o
crescimento in vitro de foliculos secundérios isolados de ovelhas submetidas a 60% de oferta
hidrica e, na dose de 2 ng/mL, melhora a sobrevivéncia de foliculos antrais, o crescimento de
odcitos, a atividade mitocondrial e a retomada da meiose ap6s o cultivo in vitro de foliculos antrais

iniciais isolados de ovinos.

Palavras-chaves: Antrais. Foliculos primordiais. MIV. Foliculos pré-antrais. Restri¢do hidrica.



ABSTRACT

The present study evaluated the effect of different levels of water supply and leptin on the
folliculogenesis of crossbred Santa Inés sheep (Experiment 1), and the effect of leptin on the in vitro
culture of early antral follicles isolated from mixed-breed sheep (Experiment II). In the first
experiment, 32 ewes (n = 8 ewes per treatment) were submitted to different levels of water supply:
100% water (ad libitum - control) and 80%; 60% and 40% of water supply from the control group's
water intake for 63 days. Blood was collected for the determination of estradiol and progesterone.
At the end of the experiment, the sheep were weighed, slaughtered and their ovaries and uteri were
weighed. The ovaries were used for histological analysis of the ovarian cortex; in vitro maturation
(IVM) of oocytes from antral follicles grown in vivo; or the in vitro culture of secondary follicles
isolated in the absence (a-MEM®") or in the presence (10 and 25 ng/mL) of leptin, for 12 days. In
experiment I, 50 pairs of mixed-breed sheep ovaries were destined for the in vitro culture of early
antral follicles isolated in medium supplemented with leptin concentrations (0, 2 and 10 ng/mL), for
12 days. At the end of the culture, oocytes were destined for IVM and later for the analysis of
mitochondrial activity and reactive oxygen species (ROS). The water supply of 40% reduced the
survival of preantral follicles, especially of primordial follicles (P <0.05). The concentration of 25
ng/mL of leptin showed a larger follicular diameter, total and daily growth rate of sheep follicles
that had a 40% reduction in water supply (P <0.05) compared to follicles grown on a-MEM". The
concentration of 2 ng/mL leptin resulted in a higher percentage of morphologically normal follicles,
fully grown oocytes, resumption of meiosis and active mitochondria levels when compared to the
control medium (TCM 199*; P <0.05), but did not differ when compared to 10 ng/mL leptin (P>
0.05). In conclusion, the water supply of 40% reduces the survival in situ of preantral follicles,
mainly of primordial follicles. Leptin (25 ng/mL) stimulates the in vitro growth of secondary
follicles isolated from sheep subjected to 60% water supply and, at a dose of 2 ng/mL, improves the
survival of antral follicles, oocyte growth, mitochondrial activity and the resumption of meiosis

after the in vitro culture of isolated sheep early antral follicles.

Keywords: Antral. Primordial follicles. IVM. Preantral follicles. Water restriction.
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1. INTRODUCAO

Pequenos ruminantes de regides aridas e semiaridas podem sobreviver até uma semana com
pouca ou sem nenhuma agua. Porém, ja foi demonstrado que o baixo consumo ou oferta de agua,
pode alterar a homeostase, causando diminuicdo da resisténcia a doencas (BARBOUR et al., 2005),
reducdo na ingestdo de alimentos, o que causa retardo do crescimento folicular ovariano (BLANC
et al., 2004), diminuic&o no peso corporal (JABER et al., 2011; CHEDID et al., 2014), alteragdo no
desempenho e no comportamento reprodutivo (BARBOUR et al., 2005; PACHECO et al., 2018;
KHNISSI; REKIK; CASSOUED, 2019) e nos niveis séricos de estradiol, progesterona e de leptina
(NAQVI et al., 2015; KUMA et al., 2016; PACHECO et al, 2018). Nota-se que poucos S0 0S
trabalhos destinados a verificar a importancia da dgua e os efeitos de ofertas hidricas na reproducéo
de pequenos ruminantes criados em regifes aridas ou semiaridas do mundo. Nesse sentido, € de
suma importancia saber se diferentes niveis de ofertas hidricas (até 40%) afetam negativamente a
reproducdo de ovelhas mesticas da raca Santa Inés, especialmente, as diferentes fases da
foliculogénese e os niveis séricos de horménios reprodutivos nesses animais, como o hormonio
leptina (WEBB; GARNSWORTHY; ARMSTRONG, 2004).

A leptina € um hormonio peptidico produzido pelo tecido adiposo e outros érgdos, que
desempenha um importante papel no controle central do metabolismo energético e na regulacdo da
oferta de alimentos e do peso corporal (KARMAZYN; GAN; RAJAPUROHITAM, 2013), bem
como esté relacionado com o controle da reproducdo mamifera (BELLEFONTAINE et al., 2014;
VAZQUEZ; ROMERO-RUIZ; TENA-SEMPERE, 2015). As acdes fisiologicas da leptina s&o
mediadas através de receptores de membrana associados a leptina (LEPR) e, sua expressdo da
leptina e de seus receptores, ja foi observada em odcitos e células da granulosa e/ou tecais de
foliculos pré-antrais e antrais caprinos (BATISTA et al., 2013) e ovinos (MACEDO et al., 2019).
Além disso, estudos sugerem que a leptina influencia a foliculogénese in vitro por promover o
aumento do diametro e da formacdo de antro, melhorar as taxas de maturacao oocitaria, 0s niveis
intracelulares de glutationa e de mitocondrias ativas de foliculos secundarios isolados (ovinos:
KAMALAMMA et al., 2016; MACEDO et al., 2019), a producéo de estradiol em foliculos antrais
avancados (suinos: GREGORASZCZUK et al.; 2013; 2003) e as taxas de maturagdo e producao de
embrides a partir de odcitos recuperados de foliculos antrais (bovinos: PAULA-LOPES et al.,
2007). No entanto, ndo ha relatos dos efeitos da leptina sobre o desenvolvimento de foliculos antrais

iniciais ovinos.
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O baixo consumo de &gua pode afetar o crescimento folicular, 0s niveis séricos de
horm6nios como estradiol, progesterona e leptina, além do que a leptina regula a homeostase
energética e atua diretamente no ovario. Para se avaliar os efeitos de diferentes niveis de ofertas
hidricas e da leptina sobre a foliculogénese ovina, pode-se utilizar tecnologias como Cultivo
folicular in vitro (CFIV), que busca otimizar o potencial oocitario das fémeas (FIGUEIREDO et al.,
2011). Nesta técnica, também pode ser avaliado o efeito de modifica¢fes in vivo (como a oferta
hidrica) e in vitro (adicdo da leptina) sobre o desenvolvimento de foliculos em diferentes fases do
crescimento. Neste sentido, é preciso considerar que os foliculos pré-antrais representam a maior
parcela (90%) das células germinativas femininas (FIGUEIREDO et al., 2011) e que foliculos
antrais iniciais possuem exigéncias metabdlicas diferentes dos foliculos pré-antrais (CADENAS et
al., 2017; FERREIRA et al., 2018) e sdo encontrados, no ovario, em maior numero do que 0S
foliculos antrais avancados, sendo uma importante reserva de o0citos imaturos com potencial para
aumentar o nimero de odcitos meioticamente competentes (ALM et al., 2006; CORREIA et al.,
2017).
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2 REVISAO DE LITERATURA
2.1 Agua e sua formas de ingestdo por animais

A &gua é o componente quimico encontrado em maior quantidade no corpo do animal,
correspondendo a 50-80% do peso vivo a depender da idade e do grau de gordura corporal (CSIRO,
2007). Ao longo do envelhecimento, essa quantidade diminui, alcangando um minimo de 50% e
quanto maior a proporcao de gordura que constitui 0 organismo, menor a quantidade de agua. O
animal pode perder 50% da proteina de seu corpo e sobreviver, porém a perda de 10% da agua
corporal pode leva-lo a morte (PALHARES, 2013).

A &gua é um solvente universal no qual as reacdes metabdlicas ocorrem e é também um
reagente em muitos processos bioquimicos, tais como hidrdlise, condensacdo e reacdes de
oxidacdo-reducdo (NELSON; COX, 2014). E considerada um nutriente essencial (KUMAR et al.,
2016) que desempenha quatro fungdes principais: i) eliminacdo de produtos residuais da digestéo e
do metabolismo; ii) regulacdo da pressdo osmotica do sangue; iii) componente importante nas
secrecOes (leite, saliva e outros fluidos digestivos) e nos produtos da concepgdo e no crescimento
corporal, e iv) participacdo na termorregulacdo. Para atender essa demanda hidrica corporal, 0s
animais podem obter agua de trés maneiras: dgua da bebida (principal forma de um animal ter
acesso a 4gua; PALHARES, 2013), dos alimentos e do metabolismo (CSIRO, 2007).

O consumo de matéria seca e de energia, o estado fisioldgico, o peso corporal, a raca, a
espécie, a qualidade e a disponibilidade da agua sdo fatores que influenciam o uso ou a oferta desse
nutriente pelos animais (CSIRO, 2007). O consumo voluntario de &gua por ovinos em regides
semiaridas € de, aproximadamente, 3,5 L/dia (cordeiros sem padrdo racial definido - SPRD:
ALVES et al., 2007; ovelhas Malpuras adultas: KUMAR et al., 2016), sendo essa dgua, geralmente,
proveniente de barragens, acudes, rios, barreiros, pocos (ARAUJO et al., 2011) e bebedouros
(KUMAR et al., 2016). Segundo o CSIRO (2007), atender todo o requerimento de &gua para um
animal, fornecendo quantidade suficiente para o consumo voluntario, é imprescindivel para o
sucesso do manejo nutricional.

Outra fonte importante de agua é aquela que estd presente nos alimentos e nas dietas. A
oferta de alimentos suculentos com altas concentracdes de agua e baixo conteudo de matéria seca,
como palma forrageira, mandacaru, gramineas e leguminosas frescas, melancia forrageira e silagem
sdo boas alternativas para 0s ovinos e caprinos criados no semiarido brasileiro (ARAUJO et al.,
2010; CORDOVA-TORRES et al., 2017). Porém, ovinos que recebem dietas com maior quantidade
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de concentrado (dieta rica em matéria seca e energia) apresentam maior consumo de dgua (NEIVA
etal., 2004; SILVA et al., 2016).

A agua do metabolismo é gerada pela oxidacdo dos nutrientes oriundos dos alimentos e do
catabolismo dos tecidos corporais, sendo obtidos 1,1; 0,5 e 0,4 L de adgua apds o catabolismo de 1

kg de gordura, carboidrato e proteina, respectivamente (CSIRO, 2007).

2.2 Disponibilidade de agua e pequenos ruminantes em regides aridas e semiaridas

A produtividade e a salde da pecuéria sdo dependentes da quantidade e qualidade da agua
consumida, pois a agua € um nutriente vital que contribui para a composicao corporal de um animal,
crescimento, reproducdo, e processos bioldgicos (BEEDE, 2012). Entretanto, a qualidade e a
disponibilidade de agua é um fator limitante para os rebanhos em regides aridas e semiaridas em
todo o mundo (CHEDID et al., 2014; NAQVI et al., 2015; ALBUQUERQUE et al., 2020b).

A escassez de agua em regides semiaridas ocorre devido aos baixos niveis de umidade,
escassez de chuvas anuais, irregularidade no ritmo das precipitacbes ao longo dos anos,
prolongados periodos de caréncia hidrica, solos problemaéticos tanto do ponto de vista fisico quanto
geoquimico, ¢ auséncia de rios perenes (AB’SABER, 1999).

O Semiéarido do Nordeste brasileiro apresenta precipitacdes pluviométricas de até 800 mm
anuais que sdo bastante irregulares dentro e ao longo dos anos em uma mesma localidade. Esta
situacdo se agrava pela escassez de rios perenes que possam contribuir com o aumento da
disponibilidade de agua, como também, pelo baixo nivel de captacdo e aproveitamento das aguas
das chuvas. Por outro lado, os reservatorios existentes sdo poucos e tém como base a tecnologia de
captacdo e armazenamento da agua em acudes, nos quais ocorrem perdas significativas por
evaporacdo (ARAUJO et al., 2011). Além disso, as mudancas climéticas podem diminuir a
disponibilidade de agua nessa regido, fazendo com que pesquisadores, técnicos e produtores
aumentem o interesse na busca de animais mais adaptados as condi¢des ambientais, em que a
elevacdo da temperatura e o estresse hidrico tém sido cada vez mais frequentes (ARAUJO, 2015).

Segundo Chedid et al. (2014), racas de ovelhas nativas de regides &ridas e semiaridas
possuem capacidade de adaptacdo a ambientes rasticos, as variagGes climéaticas, bem como a
escassez de recursos. Dentre esses animais, estdo 0s ovinos mestigos da raca Santa Inés (Figura 1),
que tém demonstrado alto grau de adaptabilidade as condi¢bes edafoclimaticas do semiarido
nordestino (SANTOS et al., 2006; SILVA et al., 2016).
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Ruminantes que habitam regides &aridas e semiaridas adquiriram varios mecanismos de
adaptacdo que os beneficiam em tolerar a restricdo hidrica (diminui¢do da oferta de 4gua em % da
ingestdo de agua ad libitum), conseguindo maior economia de agua e sua utilizacdo de forma mais
eficiente, o que resulta na manutencdo do consumo e da producdo durante o periodo da escassez de
agua (SALEM, 2010). Dentre esses mecanismos, estdo: retencdo do alimento no rdmen por
periodos mais longos, resultando em maior digestibilidade com melhor aproveitamento da ragéo e
melhor converséo de alimentos (ABIOJA et al., 2010); diminuicdo no consumo de ragéo, resultando
em reducdo de peso devido a perda de 4gua e massa corporal (JABER; CHEDID; HAMADEH,
2013) ou mobilizacdo de gordura para producdo de energia para compensar menor consumo de
racdo (JABER et al., 2004); reserva de &gua no rumen; modulacdo da producdo e da osmolaridade
da saliva (JABER; CHEDID; HAMADEH, 2013); aumento nos niveis séricos de cortisol e reducao
nos niveis plasmaticos de insulina, de triiodotironina (T3), tiroxina (T4) e de leptina (NAQVI et al.,
2015). Esses hormdnios podem ter efeito na foliculogénese ovariana (ARUNAKUMARI;
SHANMUGASUNDARAM; RAO, 2010; KAMALAMMA et al., 2016; MACEDO et al., 2019).

Figura 1 - Ovelhas mesticas da raca Santa Inés.
p P — e {

Fonte: Arquivo Pessoal.

A falta de 4gua para dessedentacdo dos animais tem como consequéncias a redugdo do
crescimento, do bem-estar e da salde e o aumento do estresse, ou seja, resulta em consideraveis
impactos negativos nos fatores zootécnicos e econdémicos (PALHARES, 2013). Sendo assim, além

do uso de animais mais adaptados as condi¢des hostis de regides aridas e semidridas, busca-se a
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utilizacdo das diversas fontes de agua para a dessedentacdo animal como rios, riachos, corregos,
lagos, lagoas, nascentes, pocos, captacdo de agua da chuva, agua ofertada pelas companhias de
saneamento ou pocos comunitarios (PALHARES, 2013).

Além das diferentes fontes hidricas, ttm-se como alternativa para a ingestdo de agua a
utilizacdo de alimentos suculentos como a palma forrageira in natura ou em forma de silagem para
manter ou melhorar o desempenho produtivo desses animais (CORDOVA-TORRES et al., 2017,
ALBUQUERQUE et al., 2020a). Outra estratégia para disponibilizar agua, sem afetar o
comportamento ingestivo, o desempenho produtivo e o estado nutricional de pequenos ruminantes
seria 0 uso de agua salina (MOURA et al., 2016; ALBUQUERQUE et al., 2020b). Porém, a
ingestdo de &gua salina pode afetar o potencial reprodutivo de ovinos ao diminuir, por exemplo, a
qualidade espermatica e causar anormalidades espermaticas nas células germinativas do tdbulo
seminifero (LINS et al., 2017a).

Estudos também vém sendo realizados para verificar se a restricdo ou privacdo hidrica
(remocéo de &4gua para um determinado periodo; SALEM, 2010) podem ser alternativas no manejo
hidrico para a producdo e reproducdo de pequenos ruminantes que vivem em regides que,
geralmente, sofrem com a baixa disponibilidade de &agua (MITTAL E GOSH, 1986;
CASAMASSIMA et al., 2008; TIBIN et al., 2012; KHNISSI et al., 2014; KUMAR et al., 2016;
SILVA et al., 2016; PACHECO et al., 2018; SANTOS et al., 2019).

2.3 Ofertas hidricas e Seus Efeitos na Producdo de Pequenos Ruminantes

Ovinos mestigos da raca Santa Inés submetidos a restricdo hidrica de 50% (durante 73 dias
de confinamento) apresentaram redugdo no consumo de matéria seca e de nutrientes, bem como, no
ganho de peso total e diario, sem afetar a sua conversdo ou eficiéncia alimentar (SILVA et al.,
2016).

Estudo recente realizado por Santos et al. (2019) evidenciou que cordeiros mesticos de Santa
Inés (confinados durante 67 dias) ndo devem ser submetidos a periodos de privacdo hidrica maior
que 24 h (48 ou 72 h), pois ha reducdo da ingestdo de agua e de matéria seca e, consequentemente,
do peso corporal no abate e do rendimento de carcaga (quente e fria), porém sem afetar a deposicao
de gordura na carcaca. Além disso, foi observada diminui¢cdo do &cido graxo docosahexaenoico
(DHA — essencial para o bom funcionamento do cérebro e retina) e aumento do &cido graxo
eicosapentaenoico (EPA — importante anti-inflamatorio, antioxidante e antiarritmico) e na forca de

cisalhamento da carne com os periodos crescentes de privagcdo hidrica (SANTOS et al., 2019).
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Ovinos do deserto submetidos a privacdo hidrica de 2-3 dias, também apresentaram reducdo do
peso corporal no abate, da carcaca quente, meia carcaca e do peso corporal vazio quando
comparados aos animais que tiveram acesso diario a agua (ad libitum; TIBIN et al., 2012).

Ovelhas Comisana submetidas, durante 40 dias (periodo de inverno na Italia), a 40% de
restricdo hidrica reduziram o peso corporal e aumentaram concentracfes séricas de triglicerideos,
proteinas totais e colesterol quando comparado ao grupo controle. Entretanto, ndo houve diferencas
significativas no rendimento e na composi¢cdo do leite e no consumo de racdo entre os grupos de
tratamento (ad libitum; 80 ou 60% de agua; CASAMASSIMA et al., 2008).

Cabras da Africa Ocidental e cabras da raca Sokoto Vermelho ndo apresentaram alteragéo
nos parametros sanguineos (por exemplo, ureia, glicose) quando submetidas a 33 e 67% de restricao
hidrica (ABIOJA et al., 2014). Entretanto, ovelhas Lacaune lactantes submetidas a 20% ou 40% de
restricdo hidrica apresentaram reducdo nas taxas respiratorias e aumento em parametros
bioquimicos séricos, como o cortisol (CASAMASSIMA et al., 2016). Além disso, ovelhas
Corriedale submetidas ao estresse térmico, recebendo &gua somente 3 h apds alimentacdo,
apresentaram maiores niveis de cortisol na Id do que as que receberam agua ad libitum ou agua
apenas 2 horas apds a alimentacdo. Nesse mesmo estudo, os autores concluiram que o cortisol da 1a
é melhor indicador de estresse do que o cortisol sanguineo, em ovelhas expostas ao estresse por
calor e por restricdo hidrica (GHASSEMI NEJAD et al., 2014).

Estudo realizado por Jaber et al. (2011) demonstrou que ovelhas Awassi submetidas a trés
dias (72 h) de privacdo hidrica (duracdo de 21/23 dias) apresentaram reducdo na oferta de alimento
e, consequentemente, reducdo do ganho de peso, sem, no entanto, alterar os niveis séricos de

insulina, leptina, T3 e T4.

2.4 Ofertas Hidricas e Seus Efeitos na Reproducéo de Pequenos Ruminantes

Kumar et al. (2016) mostraram que a restri¢do hidrica de 40% ou a privacdo de agua por 24
h pode reduzir o consumo do alimento, os niveis séricos de estradiol e aumenta os niveis séricos de
progesterona, sem alterar a porcentagem de animais em estro e a duracdo do ciclo estral. Esses
mesmos autores observaram que o ganho de peso corporal foi menor apenas nas ovelhas com
privacdo de agua.

Apesar de cabras criolas criadas no México, submetidas & aglomeracéo e a restricdo hidrica,
exibirem alteracdo nas variaveis sexuais comportamentais (corrimento vaginal, deslizamento da

cauda, aproximacéo, etc.), ndo apresentaram ciclo estral alterado. No entanto, os niveis de estradiol
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foram reduzidos durante a fase folicular, enquanto que os niveis de progesterona foram aumentados
apenas na fase luteal. Houve correlacdo positiva entre os niveis de estradiol e 0 comportamento
sexual, mas ndo com progesterona, e correlacdo negativa entre comportamento sexual e niveis de
cortisol (PACHECO et al., 2018).

Estudos realizados por Mittal e Gosh (1986) e Khnissi et al. (2014) mostraram que a
privacdo de &gua por trés dias ndo afetou pardmetros reprodutivos em ovelhas (ragas Barbarine,
Magra e Marwari), como duracdo do ciclo estral, ovulacdo, concepc¢do e taxas de reproducdo. Ja
animais com estresse hidrico diminuem sua ingestdo de alimento, 0 que pode causar retardo no
crescimento folicular ovariano (BLANC et al., 2004) e diminuigdo no estado metabdlico que inibe a
secrecdo de leptina (HOUSEKNECHT e PORTOCARRERO, 1988; CHEDID, 2009; NAQVI et al.,
2015).

A leptina, hormdnio produzido principalmente pelo tecido adiposo, regula a ingestdo de
alimentos e o metabolismo energético (HOUSEKNECHT e PORTOCARRERO, 1998;
KARMAZYN; GAN; RAJAPUROHITAM, 2013) e esta relacionado com o controle da reproducéo
mamifera, agindo no eixo gonadotrofico e nos ovarios (BELLEFONTAINE et al., 2014;
VAZQUEZ; ROMERO-RUIZ; TENA-SEMPERE, 2015). Nesse sentido, a restricio hidrica
diminui a ingestdo de alimento e nutrientes, que por sua vez reduz a producgdo de leptina. Os
menores niveis séricos dessa adipocina podem afetar negativamente a foliculogénese ovariana.
Entretanto, ndo ha relatos sobre o efeito de diferentes niveis de ofertas hidricas sobre as diferentes
fases da foliculogénese ovariana de ovelhas mesticas da raca Santa Inés e se a adi¢do da leptina no
meio de cultivo in vitro pode manter a viabilidade e promover o desenvolvimento de foliculos
secundarios isolados desses animais.

Sendo assim, sabendo-se que 0s ovinos, tais como 0s mesticos da raca Santa Inés,
desempenham importante papel socioeconémico em regides semiaridas, como a nordestina, faz-se
necessario entender sua morfofisiologia ovariana para avaliar os possiveis efeitos de diferentes

niveis de ofertas hidricas em sua reproducao.
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2.5 Ovério mamifero: Oogénese e foliculogénese

O ovario mamifero € composto de duas regides distintas: cortical e medular. A regido
medular, localizada mais internamente, é constituida de fibras nervosas, vasos linfaticos e de tecido
conjuntivo frouxo altamente vascularizado. O cortex, parte periférica do ovério, € envolto por uma
Unica camada de epitélio germinativo e é constituido de tecido conjuntivo (estroma) com foliculos
em diferentes estadios de desenvolvimento e corpos luteos (AERTS; BOLS, 2010; MARTELLI et
al., 2017; Figura 2a). Esse 6rgdo tem como principais funcdes a gametogénese (produgéo de o0citos
competentes para uma fertilizacdo bem-sucedida e desenvolvimento embrionario inicial; ADONA
et al., 2013; TORRES-RAMIREZ et al., 2019) e a esteroidogénese (producdo de horménios
esteroides), ambas reguladas por dois fenbmenos que ocorrem no ovario: a 00génese e a
foliculogénese (ADONA et al., 2013).

A oogénese € o processo de formacdo e de diferenciacdo das células germinativas
primordiais (CGPs) até o estadio de odcito haploide fecundado (RUSSE, 1983). Nos mamiferos, a
oogénese comeca durante o desenvolvimento fetal inicial, para no nascimento e continua durante a
puberdade e durante toda a vida reprodutiva da fémea (VAN DEN HURK; ZHAO, 2005). Em
ovelhas, as CGPs migram do saco vitelinico para a gdnada em desenvolvimento, em torno de 17 a
21 dias ap0s a fecundacdo (LEDDA, 2010), onde se tornam imdveis, mais esféricas, multiplicam-se
por mitose (VAN DEN HURK; ZHAO, 2005; PALMA et al., 2012) e sofrem redistribuicdo das
organelas citoplasmaéticas, transformando-se em oogbnias (SADEU et al., 2006; PALMA et al.,
2012). Ap0s sucessivas divisdes mitdticas, as oogbnias duplicam seu DNA, iniciam a primeira
divisdo meidtica, parando no estadio diploteno | da préfase meidtica (préfase 1), originando o o6cito
primario imaturo (AERTS; BOLS, 2010; PALMA et al., 2012). Esse odcito podera ser circundado
por uma camada de células somaticas pavimentosas que, em ovelhas, sdo derivadas de células
mesoteliais originadas do epitélio de superficie do ovario e do mesonéfron (MCNATTY et al.,
2000; JUENGEL et al., 2002), denominadas de células da pré-granulosa ou da granulosa, dando
origem ao foliculo primordial (MARTELLI et al., 2017; TORRES-RAMIREZ et al., 2019). Com a
formacdo do foliculo primordial se inicia, dentro do cortex ovariano, o processo de foliculogénese
(MARTELLI etal., 2017).
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Figura 2 - Desenho esquematico do ovario mamifero mostrando foliculos em diferentes estadios de
desenvolvimento, corpos llteos e albicans e vasos sanguineos (a); imagem de foliculos ovarianos
nos diferentes estddios de desenvolvimento: pré-antrais (primordial, transicdo, primario e

secundario) e antrais (terciario e pré-ovulatorio) (b).
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Fonte: LIMA, 2012.

O foliculo ovariano é considerado a unidade morfofuncional do ovario, sendo composto por
um odcito circundado por células somaticas (da granulosa e/ou tecais) (MATSUDA et al., 2012).
De acordo com o estadio de desenvolvimento, os foliculos ovarianos podem ser classificados em
pré-antrais (primordiais, de transi¢do, primarios e secundarios) e antrais (terciario e pré-ovulatério
ou de Graaf) (Figura 2 b; SILVA et al., 2004; FIGUEIREDO et al., 2008). O predominante e menor
foliculo ovariano é o foliculo primordial (MARTELLI et al., 2017). A maioria dos foliculos
primordiais € mantida quiescente como uma reserva para a vida reprodutiva. Apenas alguns deles
sdo ativados e evoluem para um estagio folicular avancado (MATSUDA et al, 2012). A ativacéo ou
inicio do crescimento folicular implica em mudanca na morfologia das células da granulosa de
pavimentosa para cuboide, em aumento no nimero de células da granulosa através da proliferacdo
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celular e no crescimento do odcito (MONNIAUX, 2016). A comunicacgdo bidirecional e a troca de
moléculas de sinalizacéo entre o odcito e as celulas da granulosa circundante sdo necessarias para o
crescimento do odcito e o desenvolvimento do foliculo (GRIVE; FREIMAN, 2015). Quando o
foliculo primordial comeca a apresentar uma camada de células da granulosa com uma mistura de
celulas com morfologia pavimentosa e cubicas ao redor do odcito, é denominado de foliculo de
transicdo (SILVA et al., 2004). Quando o od6cito é revestido por uma Unica camada de células da
granulosa com morfologia cuboide, que se tornam proliferativas e separadas do estroma do ovario
por uma lamina basal, tém-se a formacdo do foliculo primario (MARTELLI et al., 2017). Em
ovinos, estudos in vitro tém demonstrado que a ativacdo folicular é estimulada por fatores de
crescimento, tais como Kit ligand (KL; CAVALCANTE et al., 2016), fator de crescimento
epidermal (EGF; SANTOS et al., 2017) e fator de crescimento semelhante a insulina-1 (IGF-I;
BEZERRA et al., 2018).

As células da granulosa do foliculo primario continuam a proliferar, formando os foliculos
secundarios com duas ou multiplas camadas de células (MARTELLI et al.,, 2017; TORRES-
RAMIREZ et al., 2019). O desenvolvimento dos foliculos secundarios é caracterizado por trés
eventos: 1) o inicio da formacdo da zona pellcida; 2) acimulo de liquido entre as células da
granulosa e 3) o aparecimento de células da teca, que separam o estroma ovariano das camadas de
células da granulosa (MARTELLI et al., 2017).

Pequenos espacos entre as células da granulosa contendo o fluido folicular coalescem para
formar um grande espaco, o antro, dando origem ao foliculo terciario (foliculo antral inicial;
HENNET; COMBELLES, 2012). A formacdo de antro parece estar relacionada a presenca das
proteinas integrais de membrana, como aquaporinas 3 e 9 em foliculos ovarianos (ovinos: SALES
et al., 2015). O fluido folicular, composto por diferentes substancias, tais como esteroides,
proteinas, hormonios, anticoagulantes, enzimas e eletrdlitos, circunda o od6cito durante seu
desenvolvimento e medeia a comunicacdo entre as células dentro dos foliculos (HENNET,;
COMBELLES, 2012). No foliculo terciario, as células da teca estdo organizadas em duas camadas
distintas: a teca interna e a teca externa (MARTELLI et al., 2017). Em ovinos, estudos in vitro tém
demonstrado que o cultivo de foliculos secundarios isolados permite obter percentagens
significativas de formacdo de antro (foliculos tercidrios ou foliculos antrais iniciais) quando
cultivados na presenca de horménios, tais como FSH recombinante humano (BARROS et al.,
2019a) e leptina (KAMALAMMA et al., 2016; MACEDO et al., 2019) e de fatores de crescimento:
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IGF-1 (MONTE et al., 2019a) e fator de crescimento de diferenciacdo-9 (GDF-9; MONTE et al.,
2019b).

Com o crescimento do foliculo antral inicial, as camadas de células da granulosa se
subdividem em camadas de células da granulosa mural (camadas externas) e de células do cumulus
(camadas internas - proximas ao odcito), formando o foliculo antral avancado ou pre-ovulatorio
(MONNIAUX, 2016; CHIARATTI et al., 2018). As células da granulosa mural desempenham um
papel central na sintese de hormonios e ligantes como ativinas e folistatina, expressando altos niveis
de receptores de FSH, levando ao desenvolvimento folicular diretamente dependente da presenca de
FSH no antro. J& as células do cumulus interagem com o odcito para apoiar o desenvolvimento
oocitario (CHIARATTI et al., 2018). Poucos séo os trabalhos que realizaram o cultivo in vitro de
foliculos terciarios (antrais iniciais) isolados de ruminantes. Recentemente, em ovinos, um estudo
demonstrou que a melatonina promoveu o desenvolvimento folicular e a aquisicdo da competéncia
meiotica de odcitos apds o cultivo in vitro de foliculos antrais iniciais isolados (BARROS et al.,
2019b). Em caprinos, o cultivo in vitro dessa categoria folicular mostrou resultados promissores no
crescimento folicular e nas percentagens de odcitos maturados ap6s exposicdo ao hormonio de
crescimento (GH; CADENAS et al., 2017; 2018) e ao FSH recombinante humano (FERREIRA et
al., 2018).

A partir da puberdade, ap6s o pico pré-ovulatério do horménio luteinizante (LH), o odcito
do foliculo pré-ovulatério retoma a meiose, interrompendo-a novamente na metafase Il (odcito
secundario) e é liberado pelo ovario (AERTS; BOLS, 2010; COTICCHIO et al., 2015), finalizando
a foliculogénese. Quando o odcito ovulado é fecundado pelo espermatozoide, retoma a meiose I,
formando o odcito haploide fecundado (FIGUEIREDO et al., 2008), encerrando a oogénese.

2.6 Atresia folicular

Ao nascimento, a ovelha possui cerca de 160.000 foliculos ovarianos (DRIANCOURT et al.,
1991), entretanto, poucos sdo o0s odcitos (aproximadamente 0,1%) que conseguem atingir a
ovulagédo, pois a grande maioria morre por um processo natural denominado de atresia ou morte
folicular (MATSUDA et al., 2012). A morte folicular resulta em deplecdo rapida de células
germinativas no ovario mamifero (CHAUDHARY et al., 2018) e ocorre tanto na vida fetal quanto
na vida reprodutiva, mantendo a homeostase intraovariana (TORRES-RAMIREZ et al., 2019). A
atresia folicular pode ocorrer pelas vias de necrose (ou necroptose), de autofagia, de apoptose
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(MENG et al, 2018; CHAUDHARY et al., 2018) e/ou de paraptose (Figura 3; TORRES-RAMIREZ
etal., 2019).

Figura 3 - Tipos de mortes celulares: paraptose, necrose, autofagia e apoptose.
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Fonte: Adaptado de JHAYES21 (2014). Acesso em: https://commons.wikimedia.org/.

A necrose e a necroptose sdo tipos de morte celular induzidas por diferentes fatores, tais como
estresse oxidativo, condi¢cdes patoldgicas, citocinas, entre outros (CHAUDHARY et al., 2018).
Ambas apresentam caracteristicas morfoldgicas semelhantes, sendo caracterizadas por aumento de
volume celular e das organelas, permeabilizacio da membrana e ruptura celular (FINK;
COOKSON, 2005; ZHOU; HAN; HAN, 2012; CHAUDHARY et al., 2018). Porém a necroptose é
iniciada pelo fator de necrose tumoral alfa (TNF-a) e é operada através da proteina quinase que
interage com o receptor, bem como da proteina semelhante ao dominio quinase da linhagem mista.
A necrose da célula da granulosa induz direta ou indiretamente a susceptibilidade de odcitos a
morte celular necroptética ou apoptética (CHAUDHARY et al., 2018).

A apoptose, tipo de morte celular programada, desempenha um importante papel durante a
foliculogénese e a selecdo do foliculo dominante, bem como na regressdo do corpo luteo,
permitindo um descarte seguro de celulas quando elas cumpriram suas fungfes bioldgicas.

Morfologicamente, € caracterizada pela redu¢do do volume celular, condensacdo nuclear e
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fragmentacdo do DNA, com a membrana citoplasmética permanecendo intacta durante o estagio
inicial (SUKHOTNIK; ROFE, 2014), formacdo de corpos apoptoticos e exposicao de moléculas de
superficie visando corpos intactos de células para fagocitose (FINK; COOKSON, 2005). Na
auséncia de fagocitose, 0s corpos apoptéticos podem prosseguir para a lise e alteracdes secundarias
ou necrose apoptoética (FINK; COOKSON, 2005). A apoptose diferencia-se da necrose, pois ao ndo
liberar o contetudo celular, ndo danifica os tecidos circundantes ou ndo provoca uma resposta
inflamatéria (SUKHOTNIK; ROFE, 2014). Na apoptose, proteinas denominadas caspases sdo
ativadas e essa ativacdo pode ocorrer por duas vias: extrinseca e intrinseca (Figura 4: GHOBRIAL,;
WITZIG ; ADJEI, 2005; LORETO et al., 2014).

A via extrinseca é iniciada quando um sinal vindo do exterior da célula ativa os receptores
localizados na membrana celular, denominados de receptores de morte (GHOBRIAL; WITZIG;
ADJEI, 2005; LORETO et al., 2014; Figura 4). Ja a via intrinseca (via mitocondrial) €
desencadeada por lesdo intracelular causada por estresses intrinsecos, tais como lesdo no DNA ou o
estresse oxidativo (RAMPAL et al., 2012), ocorrendo, principalmente, pela liberagéo do citocromo
C da mitocdndria (GHOBRIAL; WITZIG; ADJEI, 2005; RAMPAL et al., 2012).

Figura 4 - A apoptose funciona através de duas principais vias alternativas: mediada pelo receptor
de morte (ou extrinseca) e dependente das mitocondrias (ou intrinseco). A primeira via € iniciada
pela ligacdo de receptores de morte especificos por seus ligantes. Os principais receptores de morte
- Fas e receptores DR4 e DR5 do ligante indutor da apoptose relacionada ao fator de necrose
tumoral (TNF-) (TRAIL) - induzem a morte celular ap6s a ligacdo com ligante Fas (FasL) ou
TRAIL, respectivamente, seguido pelo recrutamento da procaspase 8. Esse processo da origem a
ativacdo da caspase 8. Este ultimo induz apoptose ativando diretamente a caspase 3 ou clivando a
bid (agonista da morte no dominio interativo BH3), resultando em disfuncdo mitocondrial e
subsequente liberacdo do citocromo C e ativacdo das caspases 9 e 3. A caspase 3 promove as
caracteristicas tipicas da apoptose, incluindo fragmentacdo do DNA e morte celular em varios
tecidos. A via mitocondrial € parcialmente influenciada pelos membros da familia bcl & membrana
mitocondrial, incluindo bax e bcl-2, que sdo, respectivamente, proteinas reguladoras prdé ou
antiapoptdticas. As proteinas antiapoptéticas bel-2 e bcl-XL inibem a liberagdo do citocromo c,
enquanto a proteina X associada ao bcl-2 (bax), antagonista/assassino homdlogo do bcl-2 (bak), e
bid, todas proteinas pro-apoptdticas, promovem sua liberacdo das mitocondrias. O citocromo C e 0

trifosfato de desoxiadenosina (dATP) se ligam ao fator de ativacdo da protease apoptotica (APAF-
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1) para formar um complexo multimérico que recruta e ativa a procaspase 9, um agente mediador
da protease executora da apoptose que, por sua vez, ativa a caspase 3, resultando em apoptose

celular.
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Fonte: Adaptado de LORETO et al., 2014.
A autofagia é um tipo de morte celular programada adotada por algumas células germinativas
para induzir atresia folicular no ovario (ESCOBAR; ECHEVERRIA; VAZQUEZ-NIN, 2012). Esse

processo em foliculos pré-antrais de mamiferos ocorre, principalmente, em odcitos, enquanto em

foliculos antrais ocorre, principalmente, nas células da granulosa e estd intimamente relacionada
com a apoptose celular (ZHOU; PENG; MEI, 2019). A autofagia acontece em nivel basal em
células normais sob certas condi¢cfes adversas, como baixos niveis de oxigénio, privacao de fator de
crescimento, entre outros. Esse tipo de morte celular funciona como um programa citoprotetor que
ajuda a manter a homeostase celular, reciclando o contetdo citoplasmatico, bem como eliminando
as organelas danificadas através da exacerbada formacdo de autofagossomos (ESCOBAR,;
ECHEVERRIA; VAZQUEZ-NIN, 2012), que se fundem a lisossomos e seus conte(idos sdo
degradados e reciclados (ZHOU; PENG, MEI, 2019).
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A paraptose € um tipo de morte celular programada que se caracteriza pelo aumento do
volume do reticulo endoplasmatico e/ou mitocondria (LEE et al., 2016), levando a necrose celular
(HOA et al., 2009). Segundo Torres-Ramirez et al. (2019), o conhecimento do papel da paraptose
durante a atresia folicular ainda é limitado. Em mamiferos, um estudo demonstrou a ocorréncia de
paraptose em células da granulosa de ratas ao evidenciar a turgidez do reticulo endoplasmaético e
imunodeteccdo da proteina homologa de CCAAT/enhancer-binding proteins (C/EBPs: CHOP;
TORRES-RAMIREZ et al., 2016).

Diante disso, na tentativa de prevenir a atresia, que ocorre naturalmente in vivo, e assim
otimizar o potencial oocitario do ovario mamifero, especialmente, de ruminantes domésticos, o

cultivo folicular in vitro tem sido aprimorado.

2.7 Cultivo in vitro de foliculos ovarianos isolados

Os foliculos ovarianos de ruminantes domesticos podem ser cultivados em tecido ovariano
(in situ) ou isoladamente. Para o cultivo in vitro de foliculos ovarianos isolados, estes séo
submetidos a acdo mecanica e/ou enzimatica, sendo o método mecanico o de maior rendimento de
foliculos isolados normais (ARAUJO et al., 2014). Geralmente, os foliculos ovarianos de ovinos
(pré-antrais ou antrais) sdo isolados mecanicamente com auxilio de agulhas de 21 G acopladas em
seringas de 1 mL, sob estereomicroscopio, e cultivados em gotas de meio em placa de petri sob éleo
mineral (Figura 5, KAMALAMMA et al., 2016; MACEDO et al., 2019; BARROS et al., 2019a;
2019b). Esse tipo de cultivo permite o monitoramento individual de cada foliculo, bem como o
desenvolvimento folicular com obtencdo de embrides apds o desenvolvimento in vitro de foliculos
ovinos (ARUNAKUMARI; SHANMUGASUNDARAM; RAO, 2010; LUZ et al., 2012).

Figura 5 - Cultivo de foliculos ovarianos isolados de ovinos.
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O Meio Essencial Minimo Alfa-modificado (a-MEM) e 0 Meio de Cultivo de Tecidos 199
(TCM199) sdo meios ricos em nutrientes e comumente utilizados no cultivo in vitro de foliculos
ovarianos ovinos. Esses meios suplementados com diferentes substancias (antioxidantes, substratos
energéticos e proteicos e/ou hormdnios e fatores de crescimento) mantém a sobrevivéncia,
promovem o crescimento oocitario e a retomada meiotica de odcitos ap6s cultivo de foliculos
secundarios (pré-antrais) (TCM199: KAMALAMMA et al., 2016; a-MEM: LUNARDI et al., 2017)
ou de foliculos antrais iniciais (a-MEM: BARROS et al., 2019b), com posterior PIV de embrides
(TCM199: ARUNAKUMARI; SHANMUGASUNDARAM; RAO, 2010; a-MEM: LUZ et al.,
2012).

Recentemente, estudos tém demonstrado que o cultivo in vitro de foliculos secundarios
isolados de ovinos é uma importante ferramenta para verificar o desenvolvimento folicular e a
qualidade oocitaria ap6s exposicdo a fatores de crescimento (IGF-I: MONTE et al., 2019a; GDF-9:
MONTE et al., 2019b), a extrato de plantas medicinais (Amburana cearensis: BARBERINO et al.,
2016; Justicia insularis: MBEMYA et al., 2018; Morus nigra: CAVALCANTE et al., 2018), a
knockdown de aquaporina 3 por RNA interferéncia (PAZ et al., 2018), ao meio condicionado das
células-tronco mesenquimais derivadas da geléia de Wharton de ovinos (BEZERRA et al., 2019) e a
hormonios (leptina:. KAMALAMMA et al., 2016; MACEDO et al., 2019; FSH recombinante
humano: BARROS et al., 2019a; Melatonina: BARROS et al., 2019b). Além disso, este tipo de
cultivo folicular tem demonstrado o efeito de: medicamentos homeopaticos utilizados contra
infertilidade (FSH - 6¢cH: LIMA et al., 2017), estressores metabdlicos (por exemplo, ureia: NANDI
et al., 2017), substancias antioxidantes (prépolis vermelho: NASCIMENTO et al. 2019; rutina:
LINS et al., 2017b; resveratrol: MACEDO et al., 2017; &cido protocatecuico: MENEZES et al.,
2017) e criopreservacdo (LUNARDI et al., 2017) no metabolismo folicular e oocitario.

Em relacdo ao cultivo in vitro de foliculos antrais iniciais isolados, ja foi demonstrado que a
melatonina promove o desenvolvimento, aumenta a atividade mitocondrial, diminui os niveis de
ERO e promove a aquisi¢do da competéncia meiotica de odcitos ovinos (BARROS et al., 2019b).
Outros estudos demonstraram que odcitos de foliculos antrais iniciais expostos ao horménio do
crescimento (GH), fator de crescimento do endotélio vascular (VEGF) (CADENAS et al., 2017) e
FSH recombinante humano (FERREIRA et al., 2018) tém maior potencial para atingir a maturacdo
quando comparados aos odcitos de foliculos secundarios, mostrando, assim, que essas duas
categorias foliculares possuem diferentes exigéncias metabolicas. Além disso, no ovario, ha mais

foliculos antrais iniciais do que foliculos antrais avancados (ALM et al., 2006; ITAMI et al., 2015).



35

Nesse sentido, o cultivo in vitro de foliculos antrais iniciais torna-se uma importante fonte de
oocitos imaturos em potencial para aumentar o nimero de odcitos meioticamente competentes
(ALM et al., 2006; CORREIA et al., 2017).

No entanto, a foliculogénese € um processo complexo e envolve inUmeras interacdes entre
fatores intraovarianos, podendo ser influenciado pelo tipo de meio base de cultivo, modo de
substituicdo de meio, tipo de sistema de cultivo (bidimensional [2D] vs tridimensional [3D]),
duracdo do cultivo, fonte ovariana (pré-puberal vs adulto), componentes da matriz extracelular e
categorias foliculares (pré-antral vs foliculos antrais iniciais; FIGUEIREDO et al., 2019). Na
tentativa de melhorar os resultados do cultivo in vitro de foliculos de ruminantes, tém-se buscado
entender os mecanismos de acdo de substancias envolvidas em seu metabolismo e em sua

reproducéo, tais como a leptina.

2.8 Leptina em ruminantes: Caracterizagéo

A leptina, proteina de 16 kDa, ¢ um hormdnio peptidico produzido, principalmente, pelo
tecido adiposo e por outros 6rgdos, como musculo esquelético, intestino, cérebro, tecidos
articulares, 0sso (SCOTECE et al., 2014) e placenta (MASUZAKI et al., 1997). Ela é conhecida por
estar envolvida no controle do apetite, fornecendo um feedback para o animal em relacdo ao nivel
atual de deposicdo de gordura (SZCZESNA; ZIEBA, 2015), ao influenciar a via anorexigénica
central (RAY, 2012). Assim como nas demais espécies de mamiferos, as concentracdes plasmaticas
dessa adipocina estdo relacionadas a espessura do tecido adiposo (BLACHE et al., 2000). Em
ovelhas, a concentracdo plasmatica de leptina é de 0,5-2,0 ng/mL (DELAVAUD et al., 2000;
KADOKAWA et al., 2003; CATUNDA et al., 2013).

A leptina exerce suas atividades bioldgicas através de receptores de membrana especificos
(LEPRs ou OB-Rs). Os LEPRs pertencem a familia de receptores de citocinas classe | do gene da
diabetes (db) (MUNZBERG; MORRISON, 2015). Existem pelo menos seis isoformas LEPR que
diferem no comprimento do dominio citoplasmatico: longo (LEPRb), curto com quatro isoformas
(LEPRa, LEPRc, LEPRd e LEPR() e solivel (LEPRe) (VAZQUEZ-VELA; TORRES; TOVAR,
2008). A isoforma longa (LEPRb), encontrada principalmente no hipotalamo (GORSKA et al.,
2010), possui 0 dominio intracelular completo que permite a ativacdo da via de transducédo de sinal
JAK/STAT (Janus quinases/Transdutores de sinal e ativadores de transcri¢do), sendo considerado o
receptor funcional da leptina (FRUHBECK, 2006). Além disso, LEPRb pode ativar as vias da
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Proteina Quinase Ativada por Mitogeno (MAPK) e da Fosfatidilinositol-3-quinase/proteina quinase
B (PI3K/AKkt; Figura 6; ZHOU; RUI, 2014; FRANCISCO et al., 2018).

Figura 6 - Receptores de leptina e vias de sinalizacdo intracelular da leptina. A leptina se liga as
isoformas de seu receptor (LEPR): a isoforma soltvel (ndo mostrada), a isoforma curta e a isoforma
longa. A ligagdo da leptina & forma longa do LEPR resulta em sua dimerizagdo e induz a
autofosforilacdo da Janus quinase 2 (JAK2), que fosforila o dominio citoplasmatico da LEPR em
residuos de tirosina (Tyr974, Tyr985, Tyrl077, Tyr1138), cada um funcionando como locais de
ancoragem para adaptadores citoplasméticos. O Tyr1138 fosforilado por LEPR medeia a interacéo
com o transdutor de sinalizagdo e o ativador da transcricdo 3 (STAT3), que se dimerizam e
translocam ao nucleo para ativar a transcricdo génica dos genes alvo, como o supressor da
sinalizacdo de citocina 3 (SOCS3), que atua como sinalizacdo de feedback negativo. Além disso, a
leptina induz a ativagdo do SHP2, que recruta a proteina adaptadora Grb2 para solicitar a ativacéo
da cascata de sinalizacdo Ras/Raf/MAPK. Leptina também mediou a ativacao da fosfatidilinositol-
3-cinase (PI3K)/Akt via substrato receptor de insulina 1/2 (IRS1/2) e a proteina tirosina fosfatase
1B (PTP1B) atua como um regulador negativo da sinaliza¢do da leptina através da desfosforilacdo
do JAK2.
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Fonte: Adaptado de FRANCISCO et al., 2018.
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MUNOZ-GUITIERREZ et al. (2005) demonstraram que apés trés dias de infusdo de leptina
em ovelhas ciclicas, houve reducdo das concentragdes plasmaéticas de estradiol e aumento das
concentracdes de FSH e de insulina, sem efeito nas concentracfes de glicose. Em outro estudo, a
administracdo de leptina durante a superovulacdo em cabras permitiu correlacdo positiva entre
numero de embrides transferiveis e os niveis de estradiol no dia do estro e os niveis de progesterona
no dia da colheita de embrides (BATISTA et al., 2014). Além disso, em ovelhas Bannur observou-
se que os niveis séricos de leptina, insulina e estradiol aumentaram com o avanco da idade, sendo

proporcional ao ganho de peso corporal (VEENA et al., 2018).

2.9 Uso da Leptina na reproducéo in vivo de ruminantes

Estudos tém demonstrado o papel da leptina na reprodugédo ao atuar no eixo hipotalamico-
hipofisario-gonadal (BELLEFONTAINE et al., 2014; DUPUIS et al., 2014) e diretamente no ovario
(DUPUIS et al., 2014; VAZQUEZ; ROMERO-RUIZ; TENA-SEMPERE, 2015). O excesso, a
restricdo ou a resisténcia de leptina podem estar associados a funcéo reprodutiva anormal (PEREZ-
PEREZ et al., 2015).

Autores sugerem que, em ovinos, a leptina € um importante sinal nutricional que modula a
atividade reprodutiva atraves da regulacdo de secrecdo de LH (NAGATANI et al., 2000). Além
disso, segundo Castaneda et al. (2013), existem rela¢des entre nutricdo, condicao corporal, leptina
circulante e contetdo lipidico de odcitos de vacas.

Estudos ja demonstraram a presenca da leptina e/ou seu receptor (LEPRDb) em diferentes
compartimentos foliculares ovarianos de ruminantes (bovinos: MADEJA et al., 2009; PAULA-
LOPES et al., 2007; SARKAR et al., 2010; caprinos: BATISTA et al., 2013; ovinos: MUNOZ-
GUTIERREZ et al., 2005; MACEDO et al., 2019) e em embrides (bovinos: MADEJA et al., 2009).
Diante disso, percebe-se que a leptina pode regular a foliculogénese ovariana e o desenvolvimento
embrionario em ruminantes.

No entanto, niveis plasmaticos de leptina em ovelhas Santa Inés e Morada Nova nao
interferiram nas taxas de fertilidade e prolificidade ap6s dieta com ou sem suplementos, embora a
suplementacdo alimentar tenha afetado positivamente a concentracdo de leptina, de insulina e de
glicose no sangue de ambas as ragas (CATUNDA et al., 2013). Em ovelhas, a imunizagéo passiva
contra a leptina aumenta a secrecdo de estradiol ovariano e, inversamente, a infusdo de leptina
diretamente na artéria ovariana reduz a secre¢do do estradiol ovariano (KENDALL et al., 2004).

Em outro estudo, a infus@o de leptina em curto prazo (72 h) estimulou a foliculogénese ovina ao
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promover o desenvolvimento folicular e o aumento no numero de foliculos antrais avangados
(MUNOZ-GUITIERREZ et al., 2005). Além disso, a administracdo de leptina durante a
superovulacdo em cabras favoreceu maior nimero de embrides transferiveis, menor nimero de
embrides degenerados e de células TUNEL-positivas de blastocistos (BATISTA et al., 2014).

2.10 Uso da leptina na reproducéo in vitro de ruminantes

Para se avaliar os possiveis efeitos da leptina sobre a reproducdo in vitro de ovelhas,
especialmente, sobre a maturacdo oocitaria e o desenvolvimento folicular, algumas tecnologias da
reproducdo podem ser utilizadas, tais como a Maturacdo in vitro (MIV; KESHRAWANI; ARUNA
KUMARI; REDDY, 2016) e o Cultivo folicular in vitro (CADENAS et al., 2017; FERREIRA et
al., 2018; MACEDO et al., 2019; FIGUEIREDO et al., 2019).

2.10.1 Leptina na maturacédo oocitaria in vitro (MIV)

A maturacdo do odcito ocorre em trés etapas: a maturacdo nuclear, na qual é observada a
separacdo dos cromossomos; a maturacdo citoplasmatica em que ocorre a redistribuicdo das
organelas celulares, as alterac6es nos filamentos do citoesqueleto celular; e a maturagdo molecular
que se caracteriza pela transcricdo de RNAm, sintese de proteinas e fatores de transcricdo (fator
promotor de maturacdo [MPF]) e suas ciclinas, e a MAPK (FERREIRA et al., 2008). Para o alcance
de todas essas etapas na maturacdo in vitro de odcitos coletados a partir de foliculos antrais
crescidos in vivo e obter excelentes taxas de producdo de embrides em estdgio de blastocisto,
substancias envolvidas diretamente na reproducéo, tais como a leptina, tem sido testadas na MIV.

Em ruminantes, estudos demonstraram que a adicdo de leptina no meio de MIV de
complexos cumulus-od6citos (CCO) promove aumento nas taxas de maturacdo oocitaria (bovinos:
BOELHAUVE et al., 2005; PAULA-LOPES et al.,, 2007; VAN TOL et al., 2008; ARIA-
ALVAREZ et al., 2011; JIA et al., 2012; bubalinos: KHAKI et al., 2014, SHEYKHANI;
BATAVANI; NAJAFI, 2016; PANDA et al., 2017; ovinos: KESHRAWANI; ARUNA KUMARI;
REDDY, 2016) e de produgéo de blastocistos (bovinos: PAULA-LOPES et al., 2007; JIA et al.,
2012; bubalinos: PANDA et al., 2017) e reduz a apoptose de celulas dos cumulus (bovinos:
PAULA-LOPES et al., 2007; PANDA et al., 2017) e de blastocistos (BOELHAUVE et al., 2005 ).
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2.10.2 Leptina no cultivo in vitro de células foliculares ovarianas

A regulacdo da foliculogénese envolve uma interacdo complexa entre fatores enddcrinos,
pardcrinos e autocrinos (FIGUEIREDO et al., 2018). Nesse sentido, o cultivo in vitro de células
foliculares representa uma excelente ferramenta para melhorar nossa compreensdo do controle da
foliculogénese e permitir o uso futuro de um grande ndmero de odcitos imaturos inclusos em
foliculos pré-antrais ou antrais iniciais em técnicas de reproducdo assistida em mamiferos
(FIGUEIREDO et al., 2019).

No que diz respeito ao cultivo de foliculos ovarianos pré-antrais (secundarios) de ovinos, a
adicdo de 10 ng/mL de leptina no meio de cultivo aumentou o crescimento, 0 antro e as taxas de
maturacdo oocitéria apés 6 dias de cultivo folicular (KAMALAMMA et al., 2016). Quando o
periodo de cultivo é aumentado para 18 dias, foi demonstrada a necessidade de adi¢do de 25 ng/mL
de leptina ao meio de cultivo para promover o desenvolvimento folicular, aumentar os niveis
intracelular de glutationa (GSH) e a atividade mitocondrial, bem como melhorar as taxas de MIV
(MACEDO et al., 2019). Por outro lado, a adicdo da leptina no cultivo In vitro de células da
granulosa e da teca inibiu a esteroidogénese de foliculos antrais bovinos (SPICER; FRANSCISCO,
1998). Entretanto, ndo hé relatos sobre a agdo da leptina no desenvolvimento In vitro de foliculos
antrais iniciais ovinos.

Assim, sabendo-se que foliculos pré-antrais e foliculos antrais iniciais possuem exigéncias
metabdlicas diferentes apos cultivo in vitro (CADENAS et al., 2017; FERREIRA et al., 2018), faz-
se necessario avaliar os efeitos desse horménio sobre o desenvolvimento in vitro destes foliculos
isolados de ovinos. Além disso, as acdes da leptina durante o cultivo de foliculos pré-antrais de
ovelhas mesticas da raca Santa Inés submetidas a diferentes niveis de oferta de agua ndo sdo

conhecidos.
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3. JUSTIFICATIVA

Diante da importancia da agua nas fun¢Ges metabdlicas e estruturais para o animal, a mesma
deve estar disponivel diariamente, na quantidade exigida pelo animal e com qualidade adequada,
especialmente se esses animais forem criados em ambientes de elevada temperatura do ar, a
semelhanca do semiarido brasileiro, na maioria dos meses. Além disso, ja foi demonstrado que a
restricdo ou a privacdo hidrica pode diminuir a ingestdo de alimentos, o que pode levar ao retardo
no crescimento de foliculos ovarianos, bem como afetar negativamente o comportamento e 0
desempenho reprodutivo de pequenos ruminantes. Entretanto, ainda ndo ha estudos que avaliem se
diferentes niveis de ofertas hidricas podem afetar negativamente a viabilidade e o desenvolvimento
de foliculos ovarianos in vivo, a maturagdo oocitaria in vitro e o0s niveis séricos de estradiol (E2) e
progesterona (P4) em ovelhas mesticas da raca Santa Inés. Nesse sentido, faz-se necessario avaliar o
efeito de diferentes niveis de ofertas hidricas sobre a sobrevivéncia de foliculos pré-antrais
(primordial, intermedidrio, primario e secundario), a ativacéo de foliculos primordiais, a maturagéo
in vitro de odcitos de foliculos antrais crescidos in vivo e 0s niveis séricos de E2 e P4.

Sabe-se também que a restricdo ou a privacdo hidrica pode reduzir o consumo de matéria
seca, a ingestdo de nutrientes, afetando o estado nutricional e o metabolismo energético, e
consequentemente os niveis séricos do hormonio leptina que age diretamente nos ovarios, podendo
assim, diminuir a qualidade oocitaria e o desenvolvimento folicular. Além disso, estudos in vitro
mostraram que a leptina exdgena promove o desenvolvimento de foliculos secundérios, aumenta as
taxas de maturacdo oocitéria e de producdo de embrides em ruminantes domésticos. Considerando-
se que a restricdo hidrica pode diminuir os niveis séricos de leptina e que essa adipocina favorece a
qualidade e o desenvolvimento oocitario, folicular e embrionario, a sua adi¢do ao meio de cultivo in
vitro pode manter a viabilidade e promover o desenvolvimento folicular e oocitario de foliculos
secundarios de ovelhas mesticas da raca Santa Inés submetidas a diferentes niveis de ofertas
hidricas, bem como manter a viabilidade, promover o desenvolvimento folicular e oocitario, reduzir
0s niveis de espécies reativas de oxigénio (ERO) e aumentar os niveis de mitocdndrias ativas e as
taxas de maturacdo oocitéria in vitro apos o cultivo in vitro de foliculos antrais iniciais de ovelhas
SPRD.
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4. HIPOTESES

e Diferentes niveis de ofertas hidricas em ovelhas mesticas da raca Santa Inés podem afetar
negativamente a viabilidade e desenvolvimento folicular in vivo, a maturacdo oocitaria in vitro e 0s
niveis séricos de horménios sexuais: estradiol e progesterona.

e A adicdo de leptina ao meio de cultivo in vitro de foliculos secundarios ovinos isolados pode
promover a manutencdo da viabilidade e o desenvolvimento folicular de ovelhas mesticas da raga
Santa Inés submetidas a diferentes niveis de ofertas hidricas.

e A adicdo de leptina no meio de cultivo in vitro de foliculos antrais iniciais isolados de
ovelhas Sem Padrdo Racial Definido (SPRD) mantém a viabilidade e promove o desenvolvimento

folicular e producédo de od6citos maduros.



42

5. OBJETIVOS
5.1 Objetivo Geral

Avaliar os efeitos de diferentes niveis de ofertas hidricas sobre as diferentes fases da
foliculogénese e nos niveis séricos de estradiol e progesterona e do uso da leptina sobre o cultivo in
vitro de foliculos secundéarios de ovelhas mesticas da raca Santa Inés criadas no Semiarido
Pernambucano e da leptina no cultivo in vitro de foliculos antrais iniciais isolados de ovelhas Sem
Padrao Racial Definido (SPRD).

5.2 Objetivos Especificos

e Avaliar o efeito de diferentes niveis de ofertas hidricas (100% - ad libitum, controle; 80%;
60% e 40% de oferta hidrica da ingestdo de dgua do grupo controle) sobre a foliculogénese de
ovelhas mesticas da raga Santa Inés criadas no Semiarido Pernambucano, tendo como parametros: a
sobrevivéncia de foliculos pré-antrais (primordial, intermediario, primario e secundario), a ativacao
de foliculos primordiais, os niveis séricos de estradiol (E2) e progesterona (P4) e a maturagdo in
vitro de odcitos de foliculos antrais crescidos in vivo.

o Verificar os efeitos da leptina no cultivo in vitro de foliculos secundarios isolados de ovarios
de ovelhas mesticas da raca Santa Inés criadas no Semiarido Pernambucano, submetidas a
diferentes niveis de ofertas hidricas, tendo como parametros: sobrevivéncia, formacdo de antro,
crescimento folicular e porcentagem de odcitos totalmente crescidos (o6citos > 110 um).

e Determinar os efeitos de duas concentracGes de leptina (2 e 10 ng/mL) sobre o cultivo in
vitro de foliculos antrais iniciais isolados, coletados de ovérios ovinos de abatedouros (ovelhas
SPRD), tendo como parametros: sobrevivéncia, crescimento folicular, porcentagem de od0citos
totalmente crescidos, taxas de maturacdo in vitro, niveis de espécies reativas de oxigénio (ERO) e

de mitocOndrias ativas dos o6citos ovinos.
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Abstract

This study aimed to evaluate the effect of reduced water supply on sheep preantral follicle
survival, activation of primordial follicles, serum levels of estradiol (E2) and progesterone (P4), and
in vitro maturation of oocytes derived from in vivo grown antral follicles, as well evaluate the
effects of leptin on in vitro culture of secondary follicles isolated from ovaries these animals. Sheep
(n = 32) were divided into four groups according to daily water supply: ad libitum water (Control —
100%); 80%; 60%, and 40% of water supply from the control group’s water intake. Blood was
collected to determine E2 and P4. After the slaughter of the animals, histological analysis of the
ovarian cortex and in vitro maturation of oocytes were performed. Moreover, isolated secondary
follicles were cultured in vitro for 12 days in control medium (0-MEM") or a-MEM™ supplemented
with 10 or 25 ng/mL leptin. The reduction of water supply caused a linear decreasing effect on the
percentages of normal preantral follicles, especially of primordial ones (P < 0.05). The
concentration of 25 ng/mL of leptin increased the follicle diameter, total and daily growth rates of
secondary follicles isolated from the animals that received 60% of water supply (P < 0.05),
compared to those follicles in vitro cultured in a-MEM®. In conclusion, 40% water supply reduces
the number of normal sheep preantral follicles, especially the survival of primordial follicles. The
concentration of 25 ng/mL leptin stimulated the in vitro growth of secondary follicles of sheep
subjected to 60% water supply.

Keywords: Drinking water; Folliculogenesis; Primordial follicles; Oocyte; Sex hormones.
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1. Introduction

Water is an essential nutrient that is involved in every metabolic function of the body, being
of great importance for the productivity and reproduction of ruminants. However, water scarcity is a
significant problem in arid and semiarid regions [1-3], particularly during the drought season of the
year [4].

Several studies observed reduction in reproductive performance and behavior (ovine: [5, 6];
caprine: [7]), and in serum levels of estradiol and progesterone (ovine: [1]; caprine: [7]) in small
ruminants submitted to water restriction or deprivation. Moreover, water-stressed animals often
decrease their feed intake, which causes retardation of ovarian follicular growth [8]. Contrarily,
other studies highlight that water deprivation does not affect reproductive parameters in sheep, such
as length of the estrous cycle, ovulation, conception, and lambing rates [4,9].

Water restriction can also decrease serum leptin hormone levels in sheep because leptin
secretion by the adipose tissue is inhibited when metabolic status is decreased [10-12]. The leptin is
a 16-kDa protein produced mainly by adipose tissue that plays an essential role in regulating energy
homeostasis and interacts with the reproductive axis and the ovary of mammals [13,14]. The
presence of leptin and its receptors in oocytes, granulosa cells, and theca cells suggests a direct
action of this hormone on folliculogenesis in ruminants (bovine: [15]; caprine: [16]; alpaca: [17];
ovine: [18]. Studies have demonstrated that leptin improves development and maturation of oocytes
from in vitro grown secondary (ovine: [18, 19]) and early antral follicles (ovine: [20]), increases
oocyte maturation and embryo production (bovine: [15]; bubaline: [21]) and reduces the apoptosis
of cumulus cells (bubaline: [21]) and blastocysts (bovine: [22]; caprine: [23]).

A better understanding of the relationship between nutrition and ovarian function is
fundamental to optimize reproductive performance in arid and tropical areas [24]). The sheep of
these regions are known for their adaptive capacity to survive in adverse conditions [25, 26]. For
these reasons, it is crucial to know whether animals may tolerate a partial water restriction without
adverse effects on folliculogenesis in this species. Moreover, as water restriction could impair in
vivo follicular growth, we propose that the addition of leptin to the in vitro culture medium of
ovarian follicles may be a promising approach to improve follicle development in sheep subjected
to water restriction. Thus, the present study aimed to evaluate whether the reduction in water supply
by the animals affects preantral follicle survival, activation of primordial follicles, serum levels of

estradiol and progesterone, and in vitro maturation of oocytes derived from in vivo grown antral
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follicles. Besides, the study assessed the effects of leptin on in vitro culture of secondary follicles
isolated from ovaries of animals subjected to different levels of water supply.

2. Materials and Methods
Unless noted otherwise, all chemicals used in this study were purchased from Sigma Aldrich
Chemical Co. (St. Louis, MO, USA).

2.1 Animals

The present experiment was approved and performed under the guidelines of the Ethics
Committee on the Use of Animals at the Federal University of S&o Francisco Valley (UNIVASF),
Petrolina, PE, Brazil (License number: 0002/241017). During the experimental period (January to
April 2019), the temperature, humidity, and temperature-humidity index (THI) of pens environment
were measured, using Data Logger Thermo-hygrometer (HOBO U12-013, MicroDag, Contoocook,
NH, USA), coupled to a black globe thermometer. The minimum and maximum average
temperatures recorded were 24.56 °C and 33.83 °C, respectively, with relative air humidity of
63.90% and an average THI of 84.31.

Animal housing and experimental design were performed according to a previous study [1]
with some modifications. Thirty two clinically healthy, multiparous, non-pregnant Santa Inés
crossbreed sheep with an average age of 2.3 £ 0.9 years and an average weight of 32.2 + 7.4 kg
were used for this experiment. Before starting the experiment, the animals were identified, weighed,
treated against endo- and ectoparasites, and randomly allocated in pens of 1.00 x 1.20 m (one sheep
per pen). Individual feeders and drinkers were displayed in each pen. The experimental period was
77 days, with the first 14 days for adaptation of the animals to the facilities, diet, and routine
management. Thus, the animals were subjected to 63 days of experimentation (water supply),
covering 3.7 estrous cycles.

The diet was composed of 70% fresh elephant grass (Pennisetum purpureum) and 30%
concentrate, consisting of ground corn, soybean meal, mineral mixture-sheep and urea, formulated
according to the requirements of the National Research Council [27]) and calculated for a daily
weight gain of 157 g. Table 1 describes the nutrient composition and percentage of dietary
ingredients of the feed. During the experimental period, the diet was provided ad libitum twice a
day.
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Table 1. Proportion and chemical composition of the ingredients of the experimental diet.

Ingredients % in dry matter

Elephant grass 46.0

Ground corn 38.1

Mineral mixture-sheep* 2.0

Urea 0.7

Soybean meal 13.2

Total 100

Specification Elephant grass Ground corn  Soybean meal Diet

DM (g/Kg MN) 261.9 889.3 886.1 576.26
MM (g/Kg DM) 105.2 12.9 64.8 61.86
CP (g/Kg DM) 105.5 89.9 487.4 149.13
EE (g/Kg DM) 28.7 45.1 19.0 32.89
NDF (g/Kg DM) 708.7 111.6 15.46 370.56
ADF (g/Kg DM) 419.5 33.7 8.85 206.97
TCHO (g/Kg DM) 830.5 859.9 42.8 715.30
NFC (g/Kg DM) 174.0 642.0 27.85 328.31
TDN (g9/Kg DM) 570.1 850.0 80.48 596.71

DM - Dry Matter; NM — Natural Matter; MM — Mineral Matter; CP — Crud Protein; EE — Ether Extract; NDF —
Neutral Detergent Fiber; ADF — Acid Detergent Fiber; TCHO — Total Carbohydrates; CNF — Non-Fiber
Carbohydrates; TDN — Total Digestible Nutrients. *Composition: P, 7.5%; Ca, 19%; Mg, 1%; S, 7%; Na, 14.3%;
Cl, 21.8%; Fe, 500 ppm; Cu, 300 ppm; Zn, 4600 ppm; Mn,1100 ppm; I, 80 ppm; Co, 405 ppm; Se, 30 ppm.

2.2 Water supply treatment
For the experimental conditions, sheep were randomly divided into four groups of eight
animals each: ad libitum water (Control — 100%); 80%; 60%, and 40% of water supply from the

control group’s water intake. The water supply was carried out once a day in the morning.

2.3 Hormonal assay

Blood samples of each sheep were collected at the beginning and at the end of the
experiment by jugular venipuncture using blood collection tubes with separator gel and clot
activator (Cral Plast, Sdo Paulo, Brazil). The serum was separated by centrifugation at 3500 rpm for
15 minutes, and then it was kept in 1.5 mL microtubes and stored at -20 °C. Plasma progesterone
(P4) and oestradiol (E2) concentrations were determined through the electrochemiluminescence
method (ECLIA) in automated analytical equipment, Access 2® (Beckman Counter- USA) using
commercial kits specific for the equipment. The intra-assay CV was 1.87% and 2.3%, and the assay

sensitivity was 0.016 ng/mL and 0.004 pg/mL, respectively, for P4 and E2.
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2.4 Weight of animal body, uterus, and ovaries

At the end of the experimental period, sheep were subjected to fasting, receiving only water
for 18 h and weighed to obtain the bodyweight at slaughter. Next, the animals were stunned and
slaughtered according to protocols established in Regulation of the Industrial and Sanitary
Inspection of Products of Animal Origin [28]. The average daily weight gain (ADG) was calculated
by the difference between the body weight at slaughter and the initial body weight dividing by the
total number of experimental days. After slaughter, the uteri were removed and weighed. The
ovarian pairs (n = 32) of all animals were also collected and weighed.

The ovaries were washed once in 70% alcohol (Dindmica, S&o Paulo, Brazil) and twice in
0.9% saline solution supplemented with 100 pg/mL penicillin and 100 pg/mL streptomycin. Next,
the ovaries were transported within one hour to the laboratory in tubes containing 0.9% saline
solution and antibiotics at 4 °C [29] for morphological analysis, in vitro maturation of in vivo grown

oocytes collected from antral follicles, and in vitro culture of secondary follicles.

2.5 Morphological evaluation of preantral follicles enclosed in the ovarian tissue

In the laboratory, the ovaries were fragmented into small pieces, and three ovarian cortical
fragments (approximately 3 mm x 3 mm x 1 mm thick) were removed from each ovarian pair to
evaluate the effect of water supply reduction on ovarian tissue, especially on the morphology
of preantral follicles (primordial, intermediate, primary and secondary) and on primordial
follicle activation. The fragments were immediately fixed in 10% buffered formalin (Dindmica,
Séo Paulo, Brazil), dehydrated using graded ethanol (Dinamica), clarified in xylene (Dindmica), and
embedded in paraffin (Dinamica). Five-um thick serial sections were stained by Hematoxylin and
eosin (Vetec, Sdo Paulo, Brazil) and observed under a light microscope (Nikon, Tokyo, Japan; 400x
magnification). Preantral follicles (n = 240 from each experimental group) were classified based on
the morphological criteria of previous study [30] as primordial (one layer of flattened pregranulosa
cells around the oocyte) or growing follicles (intermediate: one layer of flattened to cuboidal
granulosa cells; primary: one layer of cuboidal granulosa cells, and secondary: two or more layers
of cuboidal granulosa cells around the oocyte and no sign of antrum formation). In addition, to
evaluate the survival, the follicles were classified as histologically normal when an intact oocyte
was present and surrounded by granulosa cells that were well organized in one or more layers and

had no condensed nuclear chromatin. Atretic follicles were those with a retracted or vacuolated
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oocyte, condensed chromatin, disorganized granulosa cells detached from the basement membrane,
or cell swelling [31].

The follicular activation (transition from primordial to growing follicle) was studied in
morphologically normal follicles, assessing the proportion between primordial and growing follicles
too [30].

2.6 In vitro maturation of ovine oocytes from in vivo grown antral follicles

In vitro maturation (IVM) was performed in oocytes derived from in vivo grown antral
follicles to verify whether they would have been affected by reduction of water supply.
Cumulus-oocyte complexes (COCs) were mechanically separated from the antral follicles of the
ovarian cortical fragments (1-2 mm thick) with sterile 26-G needles. The process was performed in
tissue culture 199 medium supplemented with HEPES (TCM199-HEPES) and antibiotics. Only
oocytes >110 pum in diameter with a homogeneous cytoplasm and surrounded by at least one
compact layer of cumulus cells were selected for IVM [32, 33]. The COCs from the animals
submitted to the different water supply levels (100%: n = 46; 80%: n = 39; 60%: n = 39 and 40%: n
= 21) were transferred to drops of 100 pL of maturation medium composed of TCM 199
supplemented with 10% fetal calf serum (FCS), 1 pg/mL follicle-stimulating hormone (human
recombinant FSHr; Gonal-F; Serono Laboratérios, Sdo Paulo, Brazil) and 1 pg/mL luteinizing
hormone (LH; ovine pituitary) under oil, and incubated for 24 h at 39 °C with 5% CO, in the air
[32]. After that, the oocytes were incubated in drops of PBS containing ten mM Hoechst 33342 for
15 min at room temperature in the dark and visualized using an epifluorescence microscope (Nikon)
with UV filter (483 nm) at a magnification of 100x. The chromatin configuration (blue
fluorescence) was analyzed through observation of the intact germinal vesicle (GV), germinal
vesicle breakdown (GVBD), metaphase | (MI) or metaphase Il (MII; nuclear maturation).

2.7 In vitro culture of secondary follicles of sheep

Next, a further experiment verified whether the addition of leptin to the in vitro culture
medium would influence the survival and growth of secondary follicles isolated from ovaries of
animals subjected or not to reduction of water supply. Isolation, culture, and follicle evaluation
were performed according to previous study [34] with some modifications. At the same time of the
recovery of oocytes described above, approximately 180-302 um in diameter secondary follicles
were visualized under a stereomicroscope (SMZ 645 Nikon, Tokyo, Japan; 100x) and mechanically
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isolated by microdissection from the strips of the ovarian cortex with 26-gauge (26 G) needles.
After that, the follicles were transferred to 100 pL droplets (one follicle per droplet) containing
TCM199 for the quality evaluation. Follicles with a visible oocyte surrounded by two or more
layers of granulosa cells, an intact basement membrane, and no antral cavity or cytoplasm darkness
were selected for in vitro culture.

Secondary follicles isolated from animals of each experimental group were divided in three
treatments (approximately 20-25 follicles per treatment, totaling 60-75 follicles for each
experimental group). The follicles were individually cultured in 100 puL droplets of culture medium
under mineral oil in plastic Petri dishes (6015 mm, Corning, Sarstedt, Newton, NC, USA) at 39 °C
under 5% CO, for 12 days. The treatments were performed using a base control medium consisted
of a-MEM (pH 7.2-7.4) supplemented with 3.0 mg/mL bovine serum albumin (BSA), 10 ng/mL
insulin, 5.5 pg/mL transferrin, 5.0 ng/mL selenium, 2 mM glutamine, 2 mM hypoxanthine and 50
ng/mL ascorbic acid, and then referred as a-MEM®" (control) or supplemented with 10 or 25 ng/mL
human recombinant leptin (catalog number L4146). Every two days, 60 uL of the culture media
was replaced with fresh media in each droplet. The concentrations of leptin were chosen according
to previous study [18].

Follicular morphology was assessed at day 12 of culture. Atretic follicles were those
showing darkness of the oocytes and the surrounding granulosa cells, misshapen oocytes, rupture of
the basement membrane, or oocyte extrusion. The following variables were analyzed in the normal
follicles: antral cavity formation; follicle diameter (measured from the basement membrane using a
pre-calibrated ocular micrometer attached to a stereomicroscope (Nikon, Tokyo, Japan) at 100x
magnification); total growth, calculated as the final diameter of the normal follicle (day 12)
subtracted from its initial diameter (day 0); and the daily growth rate, calculated as the diameter of
normal follicles on day 12 subtracted from its diameter on day 0, divided by the days of culture (12
days). After 12 days of culture, all healthy follicles were carefully mechanically opened with 26 G
needles under a stereomicroscope (Nikon) to recover the oocyte. The percentage of fully grown
oocytes, i.e., oocyte >110 pum, was calculated as the number of >110 um oocytes recovered out of

the total number of cultured follicles (x 100).

2.8 Statistical analyses
All analyses were performed using the SAS package (SAS. INSTITUTE. SAS/STAT.
Version 9.1, Cary, NC, 2004). Data were tested for normal distribution using the Shapiro-Wilk test
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using PROC UNIVARIATE procedure and transformed when necessary (log10(x+1). The in vivo
experiment was performed in a completely randomized experimental design due to the homogeneity
obtained in the selection of animals’ body size and age. The body weight at slaughter, diary weight
gain, uterus and ovary weight, P4 and E2 concentrations (initial and final), in situ survival of
preantral follicles, percentage of primordial, transition, primary and secondary normal follicles, and
follicular activation were submitted to ANOVA using PROC GLM and orthogonal polynomials
with linear and quadratic effect. Data with time effect were analyzed using PROC MIXED
procedure. The model included the effect of water supply (100 — 80 — 60 and 40%) in 8 repetitions
(32 animals). PROC CORR calculated the correlations, and PROC REG estimated the linear and
quadratic regression when P < 0.05.

The in vitro experiment was also performed in a completely randomized experimental
design, and PROC MIXED performed the ANOVA analysis. The model included the effect of
water supply (100 — 80 — 60 and 40%), culture medium (0-MEM?™; 10 and 25 ng/mL leptin), culture
time (0 and 12 days), and their interactions. The results were displayed as the average and standard
error of the mean. Total and diary follicular growth, and follicular diameter at day 12, were
analyzed by PROC GLM. However, due to significant variance heterogeneity, the Kruskal-Wallis
test was used by PROC NPARIWAY.

Results were considered statistically significant when P < 0.05.

3. Results
3.1 Weight of animals’ bodies, uteri, and ovaries

According to Table 2, the animals' body weight at slaughter, daily weight gain, and weight
of uterus and ovaries did not differ (P> 0.05) between the control group and the groups subjected to

reduction of water supply.

3.2 Hormone levels

Serum levels of estradiol and progesterone did not differ (P > 0.05) among the groups
neither at the beginning of the experiment nor at the end (Table 2). In addition, only animals that
were subjected to 40% water supply had a significant increase in the serum level of progesterone at
the end of the experiment when compared to the serum level of progesterone at the beginning of the

experiment (Table 2).
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Table 2. Body weight at slaughter, average daily gain, weight of uterus and ovaries, serum levels (initial and final) of estradiol and progesterone

and water and dry matter intake of Santa Inés crossbreed sheep subjected to different levels of water supply.

Experimental groups* MSE Probability Effect
Variable 100% 80% 60% 40% Linear Quadratic
Body weight at slaughter (Kg)  37.00 + 0.70 38.43 +0.93 36.53 +0.73 38.56 + 0.94 1.13 0.7919 0.8994
Average daily gain (kg) 0.078 + 0.007 0.098 + 0.007 0.065 + 0.004 0.100 + 0.003 0.01 0.7812 0.6114
Uterus (9) 65.60 + 1.72 65.00 + 1.86 60.00 + 2.29 57.50 + 1.80 2.66 0.2388 0.8648
Ovaries (9) 2.73+0.10 2.55 +0.12 2.28 +0.08 2.21+0.09 0.14 0.1647 0.8521
Initial estradiol (pg/mL) 29.62" +2.82 25.50" +0.79 30.25" +1.59 24.87" +0.96 2.37 0.6686 0.8996
Final estradiol (pg/mL) 22.25" +1.60 25.00" +2.01 28.87" +1.63 28.00" +2.89 2.77 0.4129 0.7555
Initial progesterone (ng/mL) 1.84" +0.20 1.72" +0.17 1.63” +0.13 1.03% +0.12 0.17 0.1063 0.4792
Final progesterone (ng/mL) 2.28" +0.18 1.35" +0.18 1.21" +0.13 1.82" +0.27 0.22 0.4372 0.0869
"Water intake (L/day) 1.622 1.311 1.233 0.910 0.07 10.0001 0.6231
*Dry matter intake (kg/day) 1.202 1.158 1.201 1.329 0.01 0.0912 20.0008

* Water ad libitum (Control — 100%); 80%; 60%, and 40% of water supply from the control group’s water intake.
* Lima et al. unpublished data. "Water intake = 0.405 + 0.0128x R*= 0.583' *Dry matter intake = 1.846 — 0.017x + 0.00011x* R*= 0.61;
Different letters in the column differ from each other (p <0.05).

MSE: Mean Squared Error.
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3.3 Follicle morphology (survival) and activation

The ovaries from sheep that received ad libitum water (control group; Fig. 1A) and those
from the animals that received 80% of water supply (Fig. 1B) showed morphologically normal
preantral follicles surrounded by normal granulosa cells. The ovaries from sheep that received 60%
(Fig. 1C) or 40% (Fig. 1D) of water supply displayed atretic preantral follicles with swollen and
disorganized granulosa cells, retracted, vacuolated oocyte or condensed nuclear chromatin. The
reduction of the water supply levels caused a decreasing linear effect in the percentage of
morphologically normal preantral follicles (follicle survival) (P = 0.0053), and more specifically, in
the percentage of normal primordial follicles (P = 0.0079) (Table 3). However, the percentage of
growing follicles (intermediate, primary, and secondary) did not differ (P>0.05) among treatment

groups, indicating that there was no follicle activation (Table 3).

Figure 1. Histological sections of ovine ovarian fragments (A—D): Normal primordial follicles in
the control group (100% - ad libitum water; A) and growing follicles: normal intermediate follicle
from sheep that received 80% of water supply (B); atretic primary follicle (C) and atretic secondary
follicle (D) from sheep that received 60 and 40% of water supply, respectively. O: oocyte; GC:

granulosa cells; Asterisk: pyknotic nucleus; Arrow: retracted oocyte. Scale bar: 20 pm (400x%).
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Table 3. Preantral follicles survival (percentage of morphologically normal preantral follicles),
percentage of normal preantral follicles in the different developmental stages, and follicular

activation of Santa Inés crossbreed sheep subjected to different levels of water supply.

Experimental groups* MSE  Probability Effect

Variable 100% 80% 60% 40% Linear Quadratic
Preantral follicles survival (%) 56.25 49.17 45.00 32.08 3.03 '0.0053  0.5644
Normal follicles in each category (%)
Primordial follicles 4417 4042 3542 2542 275 200079  0.6579
Intermediate follicles 9.58 792 875 6.25 - - -
Primary follicles 0.83 042 042 0.00 - - -
Secondary follicles 1.67 042 042 042 - - -
Follicular activation (%)
Primordial follicles 7852 8220 78.70 79.22 - - -
Intermediate follicles 17.04 16.10 19.44 19.48 - - -
Primary follicles 148 085 093 0.0 - - -
Secondary follicles 2.06 085 0093 1.3 - - -

Growing follicles
(intermediate, primary and secondary) 21.48 17.80 21.30 20.78 - - -

* Water ad libitum (Control — 100%); 80%; 60%, and 40% of water supply from the control group's water
intake.
N= 240 follicles per experimental group.

preantral follicles survival = 18.81 + 0.384x R?= 0.47
’Normal primordial follicles = 14.89 + 0.305x R*= 0.35

There was a high and significant correlation between the percentages of preantral follicles
survival (percentage of morphologically normal preantral follicles) and normal primordial follicles
in the control group and other groups subjected to reduction of water supply (Table 4). Besides, the
data pointed out a correlation between the percentage of normal primordial follicles and the final
levels of progesterone in sheep that received 60% of water supply (r = 0.74; P = 0.0385). Lastly,
given that there was a significant correlation between the percentage of survival of preantral
follicles and the percentage of primordial normal follicles in all experimental groups (Table 4), it
was possible to estimate the survival of preantral follicles from the percentage of normal primordial

follicles based on the linear regression equations presented in Table 5.
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Table 4. Correlation coefficients between the percentage of preantral follicles survival (percentage
of morphologically normal preantral follicles) with the percentage of normal primordial follicles of

Santa Inés crossbreed sheep subjected to different levels of water intake.

Experimental Groups

100% 80% 60% 40%
r value 0.91 0.90 0.90 0.97
P value 0.0014* 0.0026* 0.0019* 0.0001*

Water ad libitum (Control — 100%); 80%; 60%, and 40% of water supply from the control group's water
intake.* (P<0.05).

Table 5. Linear regression equations to estimate the percentage of preantral follicle survival of
Santa Inés crossbreed sheep subjected to different levels of water intake (y) in function of the
percentage of normal primordial follicles (x).

Groups® Parameters R® Value of P

Y Intercepta  Slope X Intercepta Slope
100% PFS (%) = 18307 + 0.863 NP (%) 0.84 0.04* 0.0014*
80% PFS (%) = 5326 + 1.091 NP (%) 0.81 0.57 0.0026*
60% PFS (%) = 10201 + 0.987 NP (%) 0.82 0.19 0.0019*
40% PFS (%) = 3965 + 1110 NP (%) 0.94 0.26 0.0001*

® Water ad libitum (Control — 100%); 80%; 60%, and 40% of water supply from the control group's water
intake. * (P<0.05)..

3.4 In vitro maturation of oocytes from antral follicles
The reduction of water supply did not affect meiosis resumption of in vivo grown oocytes (P
> 0.05; Fig. 2).

Figure 2. Percentage of meiotic stages after IVM of in vivo grown oocytes recovered from sheep
subjected to different levels of water supply. GV: germinal vesicle; GVBD: germinal vesicle

breakdown; MI: metaphase I; MII: metaphase 11 (nuclear maturation). (P > 0.05).
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3.5 In vitro culture of secondary follicles

Morphologically normal secondary follicles (Fig. 3A) were isolated from ovaries of sheep
subjected or not to reduction of water supply and cultured in a-MEM+ (control medium) or a-
MEM+ containing 10 or 25 ng/mL leptin. After culture, all treatments displayed antral (Fig. 3B),
atretic (Fig. 3C), and extruded (Fig. 3D) follicles. However, after 12 days of culture,
supplementation of the culture medium with leptin did not influence (P > 0.05) the percentage of
normal follicles (Fig. 3E), antrum formation (Fig. 3F), fully grown oocytes (Fig. 3G) and oocyte

extrusion (data not shown) among groups.

Figure 3. Morphologically normal secondary follicle at day 0 (A), and antral (B), extruded (C), and
atretic (D) follicles after 12 days of in vitro culture of secondary follicles from sheep subjected to
different levels of water supply. GC: granulosa cell; O: oocyte. Arrow: antral cavity. Scale bar: 150
pm (100x magnification). Influence of leptin on the percentage of morphologically normal (E),
antrum formation (F), and fully grown oocytes (=110 mm; G) after in vitro culture of secondary

follicles from sheep subjected to different levels of water supply. (P > 0.05)
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After 12 days of culture, follicles from sheep that received ad libitum water and were further
cultured in a-MEM" had a higher diameter (P <0.05) than those cultured in 10 ng/mL leptin (Table
6). Nevertheless, follicles from animals that received 60% of water supply had a larger diameter (P
<0.05) when cultured in 25 ng/mL leptin than those cultured in a-MEM" (control medium) and did
not differ (P > 0.05) from 10 ng/mL leptin. At the end of the culture, there was no difference (P >
0.05) in total growth rate (Fig. 4A) and daily growth rate (Fig. 4B) among different water supply
groups, except for the decreased diameter of follicles from sheep that received 60% of water supply
and were cultured in a-MEM+ (P < 0.05). Besides, total growth (Fig. 4A) and daily growth rates
(Fig. 4B) were significantly larger when follicles from animals that received ad libitum water
(control group) were cultured in a-MEM* compared to those cultured in 10 ng/mL leptin but did not
differ (P > 0.05) from 25 ng/mL leptin. Nevertheless, the addition of 25 ng/mL leptin to the medium
significantly increased total growth (Fig. 4A), and daily growth rates (Fig. 4B) compared to a-
MEM™ (control medium) in those follicles from sheep that received 60% of water supply.

Table 6. Influence of the leptin on follicle diameter after in vitro culture of isolated secondary

follicles of Santa Inés crossbreed sheep subjected to different levels of water supply.

Day of Treatments Follicle diameter (um)

group of 10 ng/mL 25 ng/mL
Culture water intake* oa-MEM’ Iep?tin Ie;?tin
Day 0 238+1.19° 232 +1.49° 246+1.28°2

100% (control
Day 12 o ) 294+3.06° 254+3.38° 281+5.98 %
Day 0 261+1.57°% 267+1.75° 251+2.03°2
80% a a a

Day 12 304+5.87 305+6.72 31743.85
Day 0 50% 248+1.38° 241+1.23% 246+1.58°2
Day 12 ° 261+2.43° 274+453% 295+2.60 2
Day 0 212+1.65" 250+1.67° 232+1.64 %
Day 12 259+8.10 281+5.70 256+6.54

* Water ad libitum (Control — 100%); 80%; 60%, and 40% of water supply from the control group's water
intake. ®° Different letters denote significant differences among different culture media in the same level of

water supply and same day of culture (P < 0.05).
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Figure 4. Influence of leptin on the total growth rates (A) and daily growth (B) after 12 days of in
vitro culture of secondary follicles from sheep subjected to different levels of water supply. * ®
Different letters denote significant differences among the different levels of water supply in the
same culture medium (P < 0.05); *° Different letters denote significant differences among different

culture medium in the same level of water supply (P < 0.05).
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There were no interactions between water supply levels, media and culture time.

4. Discussion

The present study demonstrated for the first time the effects of the reduction of water supply
on different phases of folliculogenesis in sheep, i.e., on the survival and activation of primordial
follicles, in vitro maturation of oocytes derived from in vivo grown antral follicles, as well as the
effects of the addition of leptin to the in vitro culture medium of secondary follicles isolated from
ovaries of animals subjected to different levels of water supply.

Reproductive function tends to decrease when nutritional conditions are not adequate.
Rondina et al. (2005), as an example, described that prolonged undernutrition in goat provokes the
arrest of oestrus activity and reduced ovarian weight. The same does not seem to happen with water
restriction since, in the present study, water restriction did not affect the weight of both ovaries and
uterus. Studies also demonstrated that the water restriction or deprivation does not affect the
duration of the estrous cycle, ovulation rate, conception rate, and lambing rate in ovine [4, 9]. Thus,

sheep submitted to water restriction maintained the weight of both ovaries and uterus, showing that
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Santa Inés sheep breed stand out, in northeast region of Brazil, for their adaptability to tropical
climate conditions, presenting interesting traits as like prolificity, rusticity, maternal ability and
parasite resistance [26].

Our results also demonstrated that the reduction of the water supply did not affect serum
levels of estradiol and progesterone. However, animals that were subjected to 40% water supply had
a significant increase in the serum level of progesterone at the end of the experiment when
compared to the beginning. Previous study demonstrated that 50% of water restriction did not
change the levels of these hormones in goats [35]. On the other hand, another study highlighted that
water-restricted groups of Malpura ewes either submitted to 40% continuous water restriction or
submitted to a total water restriction alternated to ad libitum availability showed decreased plasma
estradiol and increased progesterone levels [1]. These authors also observed that these groups
submitted to water restriction showed the highest loss of body weight at the end of the experiment,
the highest reduction of the average daily weight gain, and the lowest dry matter intake, as
compared to the other experimental groups. These results highlight that water-restricted ewes
suffered nutritional insufficiency. The serum levels of estradiol and progesterone in ewes are related
to the nutritional status [1, 36, 37]. Although, in present study, the reduction in water supply caused
a decreasing linear effect on water intake (Lima et al., unpublished data), there was no significant
difference in the body weight at slaughter and average daily weight between groups. Dry matter
intake would have decreased (1.190 kg) only if the animals were submitted to a water availability of
77.27% of the ad libitum water intake according to equation “Y = 1.846 — 0.017x + 0.00011x2 R2 =
0.61” (Lima et al., unpublished data). Possibly, in the present study, serum levels of estradiol and
progesterone did not differ among the experimental groups due to the absence of a significant
difference in body weight at slaughter, average daily weight and dry matter intake. Thus, animals
submitted to water restriction maintained their levels of estradiol and progesterone and nutritional
needs, confirming their adaptability to tropical climate conditions as maintenance of carcass traits
and meat quality when submitted to water restriction of at 24 h [38] and their ingestive behavior
when submitted to water saline levels (different levels of total dissolved solids; [39]).

Considering that the ovarian preantral follicles (primordial, intermediate, primary, and
secondary follicles) are the major source of oocytes, which can be used in assisted reproductive
programs, and that the primordial follicles are considered the pool of ovarian reserve [40], we
investigated whether these follicles would be affected by a reduction of water intake. Interestingly,

our results highlighted that the percentage of normal preantral and primordial follicles significantly
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decreased according to the reduction of water intake. Small follicles do not have an independent
capillary network and are dependent on their proximity to the stromal vessels for their survival and
early growth [41]. Moreover, several studies claimed that a low flow of nutrients to the ovary for
prolonged periods impairs the initial folliculogenesis [24, 42, 43]. Therefore, probably the reduction
of water intake may alter the cortical vascularization, compromising the transport of nutrients to the
preantral follicles, especially to the primordial follicles located in the outer part of the cortex. Since
the activation of the primordial follicles was not observed in any treatment, we suggest that a
reduction in water intake can affect the ovarian reserve due to the loss of primordial follicles by
atresia. It is worth noting that this precocious depletion of the follicular pool may result in
premature ovarian failure in the animals.

In the present study, we determined linear regression equations to estimate the percentage of
preantral follicle survival in fresh ovarian cortex from sheep subjected or not to the reduction of
water intake as a function of the percentage of normal primordial follicles. Sheep that received ad
libitum water had about 44% of normal primordial follicles and an estimated preantral follicle
survival of 56%. Sheep that received 80%, 60%, or 40% of water supply had 40%, 35%, and 25%
normal primordial follicles and estimated follicle survival of 48.41%, 45.16%, and 32.18%,
respectively. These findings agree with other studies with ovaries collected from sheep of unknown
breed or nutritional status that, probability, received water ad libitum. These sheep presented about
73% and 87% [44] and 60% and 78% [45] normal primordial follicles and normal preantral
follicles, respectively. When we using our equation “Preantral follicles survival (PFS) = 18.307+
0.863 x normal primordial (NP; %)” the analysis estimated similar preantral follicle survival by
these authors: 81.30% (87%; [44] and 70% (78%; [45]). Therefore, we suggest that our equations
can be used as predictive equations for the survival of pre-antral follicles and thus, sheep subjected
to water restriction do not need to be slaughtered to obtain ovaries, ovariectomized or subjected to
ovarian biopsy to determine follicular survival in fresh ovarian tissue.

Considering the importance of IVM for improvement of the fertilization and developmental
capacity of ovine oocytes [46], the study later assessed the effect of water restriction on IVM of
oocytes from in vivo grown antral follicles. The water intake reduction did not affect meiotic
resumption of in vivo grown oocytes. The similarity between the nutritional status of animals after
water restriction might have contributed to the absence of significative difference in the meiotic

stages because nutrition affects the number of oocytes that ovulate and their quality [47],
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confirming once again that animals adapting to semi-arid conditions [26, 39) are resistant to water
restriction [38].

The in vitro culture of isolated secondary follicles has been performed in sheep to evaluate
follicle and oocyte development after the exposure to different substances (hormone, growth
factors, or antioxidants), and to increase the production of meiotically competent oocytes [18, 48].
Water restriction can decrease feed intake, which is reported to cause retardation of ovarian
follicular growth [8] and can decrease serum leptin hormone levels in sheep [12]. Leptin is related
to the reproductive axis and the ovary of mammals [13, 14] and with the development in vitro of
secondary follicles sheep (18, 19]. Based on this information, we hypothesized that water restriction
might impair the development of secondary follicles, and leptin could improve their growth in vitro.
Our results highlighted a decrease in in vitro growth of secondary follicles cultured in a-MEM*
from sheep that received 60% of water supply of the control ¢ compared to the other experimental
groups. After that, the addition of 25 ng/mL leptin to the culture medium stimulated the growth,
compared to those follicles cultured in a-MEM®". Previous studies already pointed out that leptin
increases the follicle diameter [19, 49], probably through stimulation of the granulosa cell
proliferation [50]. Besides, considering that water deprivation for four days can decrease serum
leptin hormone levels (ovines: [12]), we propose that sheep subjected to moderate water supply
(60%) may have reduced levels of serum leptin, thus requiring a higher concentration of this
hormone (25 ng/mL) to induce follicular growth in vitro. Moreover, our findings displayed that the
in vitro growth of secondary follicles from sheep that received water ad libitum does not depend on
the addition of leptin to the control medium (a-MEM®), possibly because there was no reduction in
serum leptin levels in these animals [12].

Overall, our results indicate that the water supply of 40% of the control reduces the
percentage of normal preantral follicles enclosed in ovarian tissue, mainly the survival of primordial
follicles from crossbred Santa Inés sheep. Although water restriction did not influence serum levels
of estradiol and progesterone, primordial follicle activation, as well as the IVM of oocytes from
antral follicles, the concentration of 25 ng/mL leptin stimulated the in vitro growth of secondary

follicles of sheep subjected to 60% water supply of the water intake of the control group.
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Abstract

This study evaluated the effect of leptin on the in vitro culture of isolated sheep early antral
follicles. Early antral follicles (300-450 um) were isolated and cultured for 12 days in tissue culture
medium 199 (TCM 199) supplemented with glutamine, hypoxanthine, transferrin, insulin, selenium,
ascorbic acid, bovine serum albumin (BSA) and recombinant follicle stimulating hormone (rFSH)
(TCM 199": control medium) or TCM 199" supplemented with 2 or 10 ng/mL leptin. After culture,
oocytes were subjected to in vitro maturation (IVM). The parameters analyzed were morphology,
extrusion rate, follicular diameter, growth and fully-grown oocytes (oocytes >110 um) rates. After
IVM, reactive oxygen species (ROS) levels, mitochondrial activity, meiotic stages and meiotic
resumption rates were also analyzed. After 12 days of culture, the concentration of 2 ng/mL of
leptin showed a higher percentage of morphologically normal follicles, fully-grown oocytes (>110
um), active mitochondria and meiotic resumption compared to the control medium (TCM 199%;
P<0.05) but did not differ when compared to leptin concentration of 10 ng/mL (P>0.05). After
culturing, no significant differences existed among treatments in terms of the follicle diameter and
ROS levels. In conclusion, the addition of 2 ng/mL leptin to the base culture medium is capable of
improving follicular survival, oocyte growth, mitochondrial activity and meiotic resumption after

the in vitro culture of isolated sheep early antral follicles.

Additional keywords: Fully-grown oocytes, in vitro maturation, ovary, ROS levels, sheep.
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1. Introduction

The in vitro production of human and domestic animal embryos has been performed after in
vitro maturation (IVM) and fertilization of immature oocytes derived from large antral follicles
[1,2]. These oocytes appeared to acquire a greater developmental competence to become embryos
in blastocyst stage [3, 4] and live births [3] than oocytes from small antral follicles. Considering that
the ovary has more small than late antral follicles [5,6], in vitro culture (IVC) biotechnology may be
used to grow small antral follicles, thus increasing the number of meiotically competent oocytes [5-
8]. Metaphase 1l (MII) oocytes have been obtained after IVC of oocyte granulosa complexes
collected from early antral follicles (bovine: [9, 10]; swine [6, 11, 12]) or after I\VC of these follicles
(caprine [7,8]) associated with embryo production (bovine: [10]; swine [6]). However, the
efficiency of the developmental process is still low, and further improvement of the culture
conditions is required [6]; for example, with the addition of hormones to the base medium such as
leptin [13-15].

Leptin, a multifunctional hormone primarily expressed in the white adipose tissue [16], is
considered a metabolic signal that regulates the effects of nutritional status on reproductive function
[17, 18], playing a central role in the hypothalamic-pituitary-gonadal axis [19, 20] and a direct
action in the ovary [20]. In mammals, leptin is involved in the regulation of follicular growth,
apoptosis, proliferation of granulosa cells, steroidogenesis, and oxidative status of the ovarian tissue
during ovulation [21-25]. These effects occur probably through the interaction of leptin with its
cellular membrane-associated receptors [26]. Studies have already demonstrated the presence of
leptin and/or its receptors in the ovarian follicular compartments of different species
(human:[27,28]; murine: [29]; bovine: [30]; caprine: [31]; ovine: [32,33]; swine [34,35]).

Previous studies have shown that the addition of leptin to the in vitro maturation (IVM)
medium of cumulus-oocyte complexes (COCs) obtained from large antral follicles increases the rate
of MII oocytes (bovine: [30,36]; bubaline: [15,37,38]; equine: [39]; ovine: [14]; swine [34]) and
blastocysts (bovine: [30,36]; bubaline [15]), and reduces the apoptosis of cumulus cells (bovine:
[30]; bubaline [15]). In addition, leptin at a concentration of 2 ng/mL acted synergistically with
FSH on in vitro estradiol secretion in swine isolated pre-ovulatory follicles [40]. Moreover, the
presence of 10 ng/mL leptin in the IVC medium of ovine isolated secondary follicles promoted
follicular development and oocyte maturation [13]. It is known that ovarian follicles requirements

differ between preantral and early antral stages after IVC [8, 41]. Therefore, it is still necessary to
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evaluate the effects of leptin in a medium containing FSH, and on IVC of sheep isolated early antral
follicles.

Thus, the aim of this study was to evaluate the effects of different concentrations of leptin on
the morphology and follicular development, active mitochondria, ROS levels and oocyte maturation
of sheep early antral follicles, that provide an extra source of oocytes for biotechnological purposes,

cultured in vitro.

2. Materials and methods

Unless stated otherwise, the supplements, hormones, and chemicals used in this study were
purchased from Sigma Chemical Co. (St. Louis, MO, USA).

2.1. Source of ovaries

Ovaries (n = 100) were collected at an abattoir from 50 adults (1-3 years old) mixed-breed
sheep. The pairs of ovaries were washed once in 70% alcohol (Dindmica, Sdo Paulo, Brazil) and
twice in 0.9% saline solution supplemented with 100 pg/mL penicillin and 100 pg/mL
streptomycin. Next, the ovaries were transported within 1 h to the laboratory in tubes containing

0.9% saline solution and antibiotics at 4 °C [42].

2.2. Isolation and selection of ovine early antral follicles

Isolation, culture and follicular evaluation were performed according to previous studies
[7,8], but with some modifications. In the laboratory, the surrounding fatty tissues and ligaments
were stripped from the ovaries. The ovarian cortical slices (1-2mm thick) were cut from the ovarian
surface using a surgical blade under sterile conditions and subsequently placed in a fragmentation
medium consisting of tissue culture medium 199 supplemented with HEPES (TCM199-HEPES)
and antibiotics. Early antral follicles measuring approximately 300-450 pum in diameter were
visualized under a stereomicroscope (SMZ 645 Nikon, Tokyo, Japan; 100x) and mechanically
isolated by microdissection from the strips of the ovarian cortex using 26-gauge (26 G) needles.
Thereafter, the follicles were transferred to 100 mL droplets (one follicle per droplet) containing

base culture medium (TCM 199) for quality evaluation. Only early antral follicles that displayed the
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following characteristics were selected for in vitro culture: an intact basement membrane, multiple
layers of granulosa cells, a visible translucent cavity within the granulosa cell layers and healthy
round oocyte without any dark cytoplasm [7, 8]. Isolated follicles were pooled and then randomly
allocated to the three treatments with approximately 83 follicles per treatment (8 replicas for

treatment; approximately, 10 follicles/replicate/treatment).

2.3. In vitro culture of early antral follicles

After selection, the follicles were individually cultured (one follicle per droplet) in 100 pL
droplets of the culture medium under mineral oil in petri dishes (60x15 mm; Corning, Sarstedt,
Newton, NC, USA) at 39 °C and 5% CO. in the air for 12 days. The base control medium (TCM-
199") consisted of TCM-199 (pH 7.2-7.4) supplemented with 3 mg/mL bovine serum albumin
(BSA), 10 ng/mL insulin, 5.5 pg/mL transferrin, 5 ng/mL selenium, 2mM glutamine, 2mM
hypoxanthine, 50 pg/mL ascorbic acid, and 100 ng/mL follicle stimulating hormone (human
recombinant FSH; Gonal-F®; Serono Laboratorios, Sdo Paulo, Brazil). To verify the effect of
leptin, early antral follicles were randomly distributed into three treatments: TCM-199" alone
(control medium) or TCM-199" supplemented with 2 or 10 ng/mL human recombinant leptin
(L4146; Sigma). Every 2 days, 60 pL of the culture media was replaced with fresh media in each
droplet. The concentrations of FSH (swine: [40]; ovine [43]) and leptin (swine: [40]; ovine [13])

were chosen according to previous studies.

2.4. Morphological evaluation of follicular development

The morphological aspects of all early antral follicles were assessed at the beginning, during
and at the end of the culture (day 0, 6 and 12) using a pre-calibrated ocular micrometer in a
stereomicroscope (SMZ 645 Nikon) at 100x magnification. Follicles were classified as
morphologically normal follicles, atretic or extruded. Atretic follicles presented darkened oocyte
and/or misshapen cytoplasm of the oocyte and surrounding granulosa cells, while extruded follicles
were those that experienced a rupture of the basement membrane. The percentage of
morphologically normal follicles was calculated from the total number of cultured follicles. The
following characteristics were analyzed in the morphologically normal follicles: (i) visible oocyte,

translucent cavity within the granulosa cell layers and an intact basement membrane; (ii) the
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follicular diameter was measured from the basement membrane and included two perpendicular
measures of each follicle; (iii) the total growth, calculated as the final diameter of morphologically
normal follicle (day 12) subtracted from its initial diameter (day 0), and (iv) the daily growth rate,
calculated as the diameter of morphologically normal follicles on day 12 subtracted from its
diameter on day 0, divided by the number of culture days (12 days) [7, 8, 44].

After 12 days of culture, all morphologically normal follicles were carefully and
mechanically opened with 26 G needles under a stereomicroscope (Nikon) for oocytes recovery.
The percentage of fully grown oocytes was calculated by dividing the number of retrieved oocytes
(>110 pm) by the total number of follicles at day 0 of culture (x100) [7, 8].

2.5. In vitro maturation of ovine oocytes from in vitro cultured early antral follicles

Only oocytes having >110 pum diameter with a homogeneous cytoplasm and surrounded by
at least one compact layer of cumulus cells were selected for IVM [43]. The COCs (TCM 199™: n =
19; 2 ng/mL leptin: n = 24; 10 ng/mL leptin: n = 21) were transferred to drops of 100 pL maturation
medium composed of TCM 199 supplemented with 10% fetal calf serum (FCS), 1 pg/mL rFSH and
1 pg/mL luteinizing hormone (LH; ovine pituitary) under oil [45], and incubated for 36-40 h under
5% CO; [43].

2.6. Assessment of active mitochondria, reactive oxygen species levels and chromatin configuration
after IVM

After IVM, the oocytes were washed in phosphate buffered saline (PBS) after which
mitochondrial activity and ROS intracellular levels were measured as previously described [46].
Briefly, oocytes (n = 19-24 per treatment) were incubated in the dark at 39 °C for 30 min in PBS
supplemented with 100 nM MitoTracker® Red (CMXRos, Molecular Probes, Melbourne, Victoria,
Australia) and 10 mM 20,70-dichlorodihydrofluorescein diacetate (H2DCFDA,; Invitrogen
Corporation, Carlsbad, CA, USA) to detect mitochondrial activity and ROS levels as red and green
fluorescence, respectively. Thereafter, the oocytes were washed in PBS and observed under an
epifluorescence microscope (Nikon) with UV filters (579 nm for active mitochondria and 460 nm
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for ROS). The fluorescence intensities of the oocytes were analyzed using the Image J software
(National Institute of Health, Bethesda, MD, USA).

Thereafter, the oocytes were washed and incubated in drops of PBS containing 10 mM
Hoechst 33342 for 15 min at room temperature in the dark and visualized under fluorescence
microscopy (Nikon) with a UV filter (483 nm). The chromatin configuration (blue fluorescence)
was analyzed by observation of the intact germinal vesicle (GV), meiotic resumption (including
germinal vesicle breakdown [GVBD]), metaphase I [MI] or nuclear maturation (metaphase Il
[M1]).

2.7. Statistical analysis

The data obtained from morphologically normal follicles, extruded follicles and fully-grown
oocytes after culture were expressed as percentages and compared by the Chi-squared test. For
verification of the normal distribution of residues and homogeneity of variances, data from
follicular diameter, total growth rate, and daily growth rate were submitted to the D'Agostino test,
and data from mitochondrial activity and ROS levels were submitted to the Shapiro-Wilk test.
Thereafter, data from follicular diameter, total growth rate and mitochondrial activity were
submitted to the analysis of variance (ANOVA) and when the main effects or interactions were
significant, means were compared by Tukey test. Data from daily growth rate and ROS were
submitted to the Kruskal-Wallis non-parametric test, and when the main effects or interactions were
significant, means were compared by the Student Newman Keuls test. Data from IVM were
submitted to the Fischer exact test. The results of follicular diameter, total growth rate, daily growth
rate, mitochondrial activity and ROS levels were expressed as the means + standard error mean

(SEM), and differences were considered significant when P < 0.05.

3. Results

3.1. Follicular morphology and development after in vitro culture

Fig. 1 shows morphologically normal antral follicles before (Fig.1A) and after (Fig.1B) day

12 of the culture with 2 ng/mL leptin, being possible to observe centrally located oocytes, normal
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granulosa cells (without signs of darkening) and a visible translucent antrum cavity which were
enclosed by an intact basement membrane. Moreover, atretic (Fig.1C) and extruded (Fig.1D)
follicles can be observed after 6 days of culture in TCM 199" and 10 ng/mL leptin, respectively.

In all treatments, there was a significant decrease in the percentage of morphologically
normal follicles throughout the culture period (Fig. 1E). After 12 days of culture, the group treated
with 2 ng/mL showed a higher (P < 0.05) percentage of morphologically normal follicles (75%)
than the group cultured in TCM 199" (60.2%), but did not differ (P > 0.05) from the 10 ng/mL
leptin treatment (69.5%; Fig. 1E). There was no difference in the percentage of extruded follicles (P

> 0.05) among treatments (data not shown).

Fig. 1. Morphologically normal early antral follicles in the day 0 (A) and after 12 days of culture in
2 ng/mL leptin (B). Atretic (C) and extruded (D) follicles after 6 days of culture in TCM 199" and
in 10 ng/mL leptin, respectively. Percentages of morphologically normal follicles in TCM 199" or
in medium containing 2 or 10 ng/mL leptin (E). GC: granulosa cell; O: oocyte. Arrow: antral cavity.
Scale bar: 100 pm (100x). “® Different letters denote significant differences among treatments in
the same period of culture (P < 0.05); P Different letters denote significant differences among
culture periods in the same treatment (P < 0.05).
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From day O to day 6, there was a significant increase in follicular diameter in both TCM
199" and 2 ng/mL leptin treatments (Table 1). However, at the end of the culture, no significant
difference was observed among all treatments. Moreover, there was no difference in total growth
rate (TCM 199": 13.73 um; 2 ng/mL leptin: 16.54 um and 10 ng/mL leptin: 9.3 um) and daily
growth rate (TCM 199" 1.57 um; 2 ng/mL leptin: 1.52 um and 10 ng/mL leptin: 0.6 um) among
treatments (P > 0.05). After 12 days of culture, 2 ng/mL leptin treatment showed a higher (P < 0.05)
rate of fully-grown oocytes (57.14%) than TCM 199" (37.34%) and did not differ (P > 0.05) from
10 ng/mL leptin (43.37%; Fig. 2).

Table 1. Follicular diameter after in vitro culture of ovine early antral follicles in TCM 199" or in

medium containing 2 or 10 ng/mL leptin.

Treatments Day 0 (um) Day 6 (um) Day 12 (um)
TCM 199° 375.66" 394.26° 411.2°

2 ng/mL leptin 376.67° 397.27° 404.19°

10 ng/mL leptin 367.3° 374.00% 387.30°

b Different letters denote significant differences among culture periods in the same treatment (P <
0.05).

Fig. 2. Percentages of fully grown oocytes after in vitro culture of early antral follicles in TCM
199" or in medium containing 2 or 10 ng/mL leptin. *BDifferent letters denote significant
differences among treatments in the same period of culture (P < 0.05).
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3.2. Active mitochondria and ROS levels after IVM

After IVM, both 2 and 10 ng/mL leptin treatments presented a similar (P > 0.05) level of
mitochondrial activity and were both significantly higher (P < 0.05) compared to TCM 199" (Fig.
3). Moreover, the ROS levels did not differ (P > 0.05) among treatments (Fig. 4).

Fig. 3. Epifluorescent photomicrographic images of sheep oocytes from in vitro grown isolated
early antral follicles showing active mitochondria after IVM (A-C). Oocytes from follicles cultured
in TCM 199" (A) or in medium containing 2 (B) or 10 ng/mL leptin (C). Scale bars: 50 um (100x).
Intracellular levels of active mitochondria in oocytes after IVM (D). “® Different letters denote

significant differences among treatments (P < 0.05).
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Fig. 4. Epifluorescent photomicrographic images of sheep oocytes from in vitro grown isolated
early antral follicles showing ROS after IVM (A-C). Oocytes from follicles cultured in TCM 199"
(A) or in medium containing 2 (B) or 10 ng/mL leptin (C). Scale bars: 50 um (100x). Intracellular
levels of ROS in oocytes after IVM (D).
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The evaluation of chromatin configuration showed that oocytes were present in GV (Fig.
5A), GVBD (Fig. 5B), Ml (Fig. 5C) and MII (Fig. 5D) in all treatments. Leptin at 2 ng/mL
presented a lower percentage of oocytes in GV (8.33%, n = 02/24; Fig. 5E) than control (36.85%, n
= 07/19; P < 0.05) and did not differ from the 10 ng/mL leptin (14.29%, n = 03/21; P > 0.05)
treatment. Concurrently, leptin at 2 ng/mL showed a larger number of oocytes that resumed meiosis
(GVBD + MI together: 83.34%, n = 20/24; Fig. 5F) compared to TCM 199" (52.63%, n = 10/19; P
< 0.05) and did not differ from the 10 ng/mL leptin treatment (61.9%, n = 13/21; P > 0.05).
Moreover, all treatments presented similar percentages of GVBD, MI and MII oocytes (P > 0.05;
Fig. 5E).
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Fig. 5. Epifluorescent photomicrographic images of sheep oocytes from in vitro cultured early
antral follicles stained with Hoeschst 33342 after IVM. Oocytes in GV (A) cultured in TCM 199°;
oocytes in GVBD (B) and in Ml (C) cultured in 2 ng/mL leptin; oocytes in MII (D) cultured in 10
ng/mL leptin. Scale bars: 50 um (100x). Percentage of meiotic stages (E) and meiotic resumption
(F) of sheep oocytes from in vitro grown early antral follicles after 12 days of culture in TCM 1997
or in medium containing 2 or 10 ng/mL leptin. & Different letters denote significant differences

among treatments (P < 0.05).

=

~

2 ® Y O
S © S
-

N

3 % O
S S O

o

AB

[=
o

=
= S
> =
7 8
g 60 & B BTCM 1994
k) £'50 .
750 A 2 @2 ng/mL leptin
3 A A 5 40 .
3 40 A & S 010 ng/mL leptin
2 A S 30
= 30 A A B

20 AB - =20

" B T 2 A 10

: | = '

GV GVBD MI MII

4. Discussion

This study evaluated the effect of two different concentrations of leptin on the in vitro
culture of isolated sheep early antral follicles. After 12 days of culture, the percentage of
morphologically normal follicles was higher in 2 ng/mL leptin (74.5%) than TCM 199" (60.2%:
control medium; Fig. 1E). Leptin administration attenuated apoptosis in rat oocytes and follicles
[21] and increased the number of transferable embryos in super-ovulated goats [47]. Moreover, in
vitro studies have shown that leptin supplementation during bovine oocyte maturation acted as a
survival factor reducing the apoptosis of cumulus cells [30] and blastocyst cells during embryo
development [48]. Thus, we believe that the highest follicular survival observed in 2 ng/mL leptin

might be due to its antiapoptotic action. In addition, 2 ng/mL leptin is similar to the physiological
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concentration found in sheep plasma (0.5e2 ng/mL) [49-51], and can be necessary to supply the
metabolic demands of the in vitro follicles.

Additionally, leptin concentration of 2 ng/mL showed a higher percentage of oocytes >110
pum (57.14%; Fig. 2) and meiotic resumption (83.34%; Fig. 5F) than the control medium (TCM
199%). Studies have shown that leptin enhanced oocyte nuclear maturation through phosphorylation
of the mitogen activated protein kinase (MAPK) pathway or the regulation of oocyte gene
expression (e.g.: STAT3), as well as cumulus cell-mediated gene expression (e.g.: antiapoptotic
gene - BIRC4: [28]; mRNA of leptin receptor isoforms [52]). It is known that the oocytes of sheep
antral follicles have leptin receptors and also produce leptin [33]. Therefore, our results suggest that
leptin concentration of 2 ng/mL may be ideal and sufficient to support the in vitro development of
the oocyte, and that higher concentrations (such as 10 ng/mL leptin) can be unnecessary and
nonresponsive during culture. However, all treatments presented similar percentages of MII
oocytes. Possibly, our results could be improved by adding antioxidants and other hormones, such
as estradiol-17, to the IVM medium [13].

In our study, after IVM, the mitochondrial activity was higher in oocytes from follicles
cultured in the presence of leptin in both concentrations (2 or 10 ng/mL; Fig. 3). It is known that
during oocyte growth, the number of mitochondria increases and mitochondrial function profoundly
affects oocyte maturation, fertilization and embryonic development [6, 53]. A recent study has
shown that leptin can maintain mitochondrial integrity by increasing optic atrophy 1 (OPAl), a
mitochondrial inner membrane protein that regulates fusion and cristae structure, and decrease
OMA1, a mitochondrial protease that cleaves OPAL, of human mesenchymal stem cells [54]. Thus,
our results demonstrate that the use of leptin during the in vitro culture of early antral follicles can
provide better quality oocytes, possibly by maintaining the mitochondrial integrity of oocytes.

After IVM, the ROS levels did not differ among treatments. Contrary to our results, an in
vivo study demonstrated that a daily stimulus with low doses of leptin decreased ROS levels in the
ovarian tissue of rats [25]. The ROS are natural by-products of cellular respiration and metabolism,
playing diverse roles in mammalian reproductive biology [55]. Therefore, based on our study, we
have suggested that the ROS levels observed in the oocytes may be ideal for their metabolism.
Some studies have shown that leptin increases the follicular diameter in vivo [25] and in vitro [13]
probably through stimulation of the granulosa cell proliferation [22, 56]. Nevertheless, our results
showed that leptin did not influence follicular diameter. These differences can be explained by the

presence of FSH in the base culture medium, once it has been demonstrated that FSH can act
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directly [57] or indirectly in the follicles [58, 59], increasing their diameter after in vitro culture of
preantral (sheep [45]) and early antral follicles (caprine [41]).

In conclusion, the addition of 2 ng/mL leptin to the base culture medium can improve
follicular survival, the percentages of fully grown oocytes, mitochondrial activity and meiotic
resumption after the in vitro culture of isolated sheep early antral follicles. Further studies are
needed to improve in vitro oocyte maturation rates from these follicles.
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8. CONSIDERACOES FINAIS

A reducdo da oferta hidrica ndo afetou o peso do Gtero e dos ovarios, 0s niveis séricos de
estradiol e progesterona, a ativacao de foliculos primordiais, e 0s estagios meioticos apds a MIV de
odcitos de foliculos antrais crescidos in vivo, entretanto a oferta hidrica de 80 a 40%, especialmente,
a de 40% reduziu a sobrevivéncia in situ de foliculos pré-antrais, principalmente de foliculos
primordiais. Através de equacdes de regressdo linear conseguimos estimar a porcentagem de
sobrevivéncia dos foliculos pré-antrais ovinos em funcdo da porcentagem de foliculos primordiais
normais no cortex ovariano fresco. A concentragdo de 25 ng/mL de leptina estimulou o crescimento
in vitro de foliculos secundarios isolados de ovelhas mesticas da raca Santa Inés submetidas a 60%
de oferta de agua. Nesse sentido, recomenda-se que criadores de regides aridas e semiaridas
utilizando as mesmas condic¢des de confinamento do presente estudo, ndo submetam matrizes ou
fontes de matrizes de ovelhas mesticas da raca Santa Inés a qualquer reducdo da oferta hidrica para
que ndo ocorra possivel falha ovariana prematura e, consequentemente, menor numero de
descendentes no rebanho. Porém, caso seja necessario frente a escassez hidrica, submeté-las a 80%
de oferta hidrica para evitar maiores perdas de foliculos primordiais. J& fémeas de descarte podem
ser submetidas a oferta hidrica de 40% porque permanecem pouco tempo no rebanho e vimos que
0s odcitos de foliculos antrais crescidos in vivo ndo sdo afetados pelo tempo e manejo do presente

estudo.

Além disso, a adicdo de 2 ng/mL de leptina ao meio de cultivo de base pode ser uma
alternativa para promover o desenvolvimento de foliculos antrais iniciais isolados de ovinos apés o
cultivo in vitro, ao melhorar a sobrevivéncia folicular, o crescimento oocitario, a atividade

mitocondrial e a retomada meibtica.

Tém-se como perspectivas de estudo, avaliar a sobrevivéncia de foliculos antrais presentes
no tecido ovariano, detectar a apoptose celular através da imunolocalizacdo da caspase 3 ativada e
mensurar a intensidade da imunomarcacdo da leptina e seu receptor em foliculos pré-antrais e
antrais inclusos em tecido ovariano de animais submetidos a diferentes niveis de oferta de agua.

Além disso, determinar os niveis sericos de leptina, insulina e cortisol desses animais.
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10. ANEXOS

NO USO DE ANIMAIS

MINISTERIO DA EDUCAGAO MINISTERIO DE CIENCIA,
TECNOLOGIA E INOVAGCAO UNIVERSIDADE FEDERAL
DO VALE DO SAO FRANCISCO COMISSAO DE ETICA

Certificado de autorizacao
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Certificamos que a proposta intitulada: "Impacto de diferentes ofertas hidricas e
energéticas sobre as respostas produtivas e o desenvolvimento de foliculos ovarianos de
ovelhas Santa Inés no Semiarido Pernambucano”, registrada com o n° 0002/241017, sob a
responsabilidade de Maria Helena Tavares de Matos - que envolve a producdo, manutencdo ou
utilizacdo de animais pertencentes ao filo Chordata, subfilo Vertebrata (exceto humanos), para

fins de pesquisa cientifica (ou ensino) - encontra-se de acordo com os preceitos da Lei

no

11.794, de 8 de outubro de 2008, do Decreto n° 6.899, de 15 de julho de 2009, e com as normas
editadas pelo Conselho Nacional de Controle de Experimentagdo Animal (CONCEA), e foi
aprovada pela COMISSAO DE ETICA NO USO DE ANIMAIS (CEUA) da Universidade
Federal do Vale do S&o Francisco - UNIVASF, em reunido de 24/10/2017.

produtores (ovinocultores)

Finalidade () Ensino ( x) Pesquisa Cientifica
VVigéncia da autorizagéo 01/12/2017 a 30/12/18
Espécie/linhagem/raca Ovis aries

N° de animais 120

Peso/ldade 25 a 30kg/ 20 meses

Sexo F

Origem Animais serdo adquiridos de

Em: 27/02/2018

Marcelo Domingues de Faria

Coordenador Interino da Comissdo de Etica no Uso de Animais — UNIVASF


http://www.jusbrasil.com.br/legislacao/93064/lei-11794-08
http://www.jusbrasil.com.br/legislacao/817997/decreto-6899-09
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REITORIA

UNIVERSIDADE FEDERAL DO VALE DO SAO FRANCISCO <> '
COMITE DE ETICA NO USO DE ANIMAIS — CEUA

FORMULARIO DE SOLICITAGAO DE ALTERACAO DE METODOLOGIA E/OU TECNICAS DESCRITAS EM
PROJETO VIGENTE E APROVADO PELO CEUA

llma. coordenadora Karine Vieira Antunes

Coordenadora do Comité de Etica no Uso Animais da UNIVASF

Prezada,

Solicito a0 CEUA-UNIVASF a seguinte alteragdo metodoldgica e/ou tecnologica no uso de animais
do projeto sob protocolo n° 0002/241017, intitulado: "Impacto de diferentes ofertas hidricas e

energéticas sobre as respostas produtivas ¢ o desenvolvimento de foliculos ovarianos de ovelhas Santa
Inés no Semiirido Pernambucano”, ¢ aprovado em 24/10/2017 sob minha responsabilidade.

Descrever modificacdo/ alteracdo no protocolo do projeto:

Solicito alteracdo do periodo de autorizacdo de vigéncia do referido projeto para dia 30 de
dezembro de 2019. Realizaremos o experimento de oferta hidrica a partir de Janeiro de 2019, pois
a liberagdo de parte do recurso financeiro do projeto ocorreu apenas recentemente, no més de
setembro de 2018.

Declaro que ndo realizei nenhum procedimento empregando a metodologia experimental ou
técnica alterada no projeto vigente, previamente a esta solicitag¢do.

Declaro que n3o havera qualquer outra alterag3o no protocolo na referida licenca.

Petrolina, 29/11/2018

Y, ‘@%féz? N r;/‘CQCJLOD

Pesquisador responsavel

PARA PREENCHIMENTO DA CEUA — UNIVASF
PARECER CONSUBSTANCIADO REFERENTE A SOLICITACAO DE ALTERACAO DO PROJETO
PROTOCOLO Ne¢ '

Informamos que o Comité de Etica no Uso de Animais/CEUA da Universidade Federal do Vale do
S3do Francisco, apds analise das adequacdes solicitadas, deferiu | / indeferiu ( ) as alteragdes
solicitadas no projeto acima referido, sendo as mesmas consideradas em acordo com os principios
éticos vigentes.

I
Coordeanadora do CEUA/ UNIVASF
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