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RESUMO

CHAYA, Alberto Yukio, D.Sc., Universidade Federal de Vicosa, julho de 2016.
Producéoin vitro de embrides caprinos pré-puberes: efeitda melatonina nos meios

de maturagdo in vitro e cultivo in vitro embrionario. Orientador: José Domingos
Guimaraes. Coorientador(es): Luiz SérgmAlmeida Camargo e Eduardo Paulino da
Costa.

A producéoin vitro de embrides caprinos ainda ndo € considerada uma biotecnologia
rotineiramente efetivadm dos fatores mais importante e que dificulta a evolugdo no
processale todo o processo da PIV é o estresse oxidativo. A proposta adotada neste
estudo foi avaliar os efeitos da adigiEomelatonineem meios de maturacao e cultivo

vitro no desenvolvimento de embrides caprinos e na qualidade dos blastocistos oriundos
de oocitos de cabras pré-puberes. O objetivo do primeiro estudo foi avaliar o efeito da
melatonina no meide culturain vitro de embrides partenogenéticos através dadexa
desenvolvimento de blastocistos e vitrificacdo. Foi utilizado um meio de maturacéo e de
cultivo in vitro e convencional com e sem melatonina®@®! L?). Os oocitos com

células do Cumulus oophorus foram maturadadtro naqueles meios de maturacao por

27 h e entdo ativados. Estas células ativadas foram cultivadas nos respectivos meios de
cultivo por oito dias e entdo aferidastaxas de blastocistos. O método de vitrificagcdo

foi utilizado de acordo com Mermillogt al., 1998. A adicdo da melatonina a®hol L°

1 acs meios de maturacido e de cultivovitro ndo apresentou melhora na taxa de
blastocistos produzidodla segunda parte deste estudo objetiseavaliar o efeito da
melatonina no meio de cultuma vitro, porémem embrides fertilizados artificialmente,

por meio da taxa de desenvolvimento de blastocistos. Utiigom meio convencional

para MIV com ou sem adi¢cdo de melatonina & rhdl L. Apds a MIV, os oocitos
maturados foram inseminados com semen a fresco, e 0s espermatozoides foram
capacitadoem meio de capacitacdo contendo heparfda.possiveis zigotos foram

separados e uma parte foi cultivaaomeio de cultura padrédo com adigiamelatonina

vi



a10°mol LY. Ambos foram cultivados durante oito dias e a taxa de blastocisto foi aferida.
Os resultados desta segunda etapa mostraranaautizar melatonina a I®mol L
adicionadaao meio de maturacaim vitro convencional melhoraram quargo nimero

de células fertilizaas(34,57% vs. 17,39%, p<0,05), embora, ndo houve mettatexa

de clivagem e no numero de blastocistos produzidos. A conclusdo mostra que a
melatonina a 1®mol L adicionada tantem MIV, quantoem CIV, ndo melhora o
desenvolvimento e a produgcao dos embridesitro, embora possa aumentar a taxa

fertilizag&oin vitro.
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ABSTRACT

CHAYA, Alberto Yukio, D.Sc., Universidade Federal de Vigosa, july, 20a6vitro
production of prepubertal goats embryos: effect of melatonimn in vitro maturation
and culture media. Advisor: José Domingos Guimara&€3o-advisors: Luiz Sérgiae
Almeida Camargo and Eduardo Paulino da Costa.

The in wvitro production of goat embryos not considered a routinely effective
biotechnology. There are a number of factors that hinder the progréss processf
maturation, fertilization, cultivation and freezing. One of the most important factors that
cause deleterious effects throughout the IVP praesdhe oxidative stress. The proposal

of this studyin orderto prevent andio control that stress condition wssupplement the

in vitro maturation (IVM) andn vitro culture media (IVC) with melatonin evaluatiitg
effects on the development of goat embryos and quality of embryos derived from
prepubertal goats oocytes. The aim of the first experimentovagluate the effeaf
melatonin supplementatioin the in vitro culture on development of parthenogenetic
embryoslt was used twin vitro maturation media [conventional maturation media (CM)
andCM + 10° M melatonin] and twan vitro culture media [conventional cultivation
media (CC) an€C + 10°M melatonin. The oocytes with cumulus cells were randomly
distributedin the IVM and then activatelly ionomycin method followedy 6-DMAP.
Afterwards, presumptive zygotes were randomly distributedhe 1VC media and
cultured for eight days. Supplementation of Mdmelatoninto the IVM and IVC media
showed no improvemenh the parthenogenetic blastocyst rate. The blastocyst rate
diminished when melatonin was addadvitro culture medium. The second study was
also evaluate the effect of melatonim vitro culture medium, but using vitro
fertilization over the blastocyst development r&lte used a conventional medium (CM)

to in vitro maturation media and oth€M was supplemented with melatoran10° M.

After IVM, the matured oocytes were insemedtwith fresh semen, and then, that

viii



spermatozoa were capacitated and cultured for eight days. Theamimastro culture
media used and other orelded with melatonin (1M). The results of this second study
demonstrated that the use of melatoatrl0° M addedto the in vitro conventional
maturation medium presented a beneficial effect on the number of fertilized cells (34.57
% vs. 17.39%, p<0.05). However, this addition there was no improvemtéetcleavage

rate nor the blastocyst rat@e concluded that melatonit 10° M addedin both VM
medium and IVC medium do not improve the development of embryos. Howesen,

be a gainn thein vitro fertilization rate when melatonia addedn the IVM medium.



INTRODUCAO

A caprinocultura € uma atividade agropecuaria importante no cenario mundial,
principalmenteem paisesem desenvolvimento, pertencentes a Asia e Africa, que
necessitam desta atividade como uma fonte geradora de renda através da comercializagdo
de animais, carne, pele e leite, e como fonte nutricional, pelo consumo de pro&dioa de
valor bioldgico e do leite. O leite de cats@da por possuir alta digestibilidade, maior
alcalinidade natural e elevado valor nutritivo. Para a saude publica, deleétbra € uma
tendéncia para substituir o leite de vaoacasos de alergia ou intolerancia digestiva,
principalmenteem criangas. Além de ser o terceiro leite mais consumido mundialmente,
atras do de vaca e de bufala (Wadtkal., 1965; Park, 1994; Haenledbal., 2004; FAO,

2010; FAO, 2012).

O cenério brasileiro frente aos grandes produtores de pequenos ruminantes no
mundo é ainda pouco expressivo, ocupa a 112 posi¢cao do ranking mundial, possui um
rebanho de 8,7 milhdes de cabecas, e representa 1,3% do rebanho mundial de cabras
(FAO, 2006; IBGE, 2013). Historicamente, a regido nordeste € a mais tradicional,
portanto, predomina a forma extensiva e de baixa tecnologia, porém possui 0 maior
rebanho e producéo de caprinos do Brasil. Por outro lado, é na regido Sudeste, onde ha a
maior produtividade de leite de cabra, com sistema de producéao tecnificado e um rebanho
de alta selecdo genética (Borges, 2003).

Diante deste fato, a disseminacdo de material genéécanimais de racas
especializadas € um fator crucial para o melhor aproveitamento da caprinotifura.
programa inserido e que facilitard seu discernimentasiotecnologiaslareproducéo,
como o congelamento de sémen, Inseminacéo Artificial (1A), Transferéncia de Embrides

(TE), Producéo de embridasvitro (PIV), transgénese e clonagem.



Outro programademelhoramento animal que promovera a dispersao de um ganho
genético e encurtara o intervalo de geracdes € a utilizacdo de fimpaberes. Muitos
pesquisadores sdo contra o uso de fémeas jov@ne doadoras de oocitos para
fertilizag&oin vitro. Defendem que a colheita dos oocitos devenesefémeas com
idades proximas a puberdade, pois acreditam que com o paddade favorecera o
desenvolvimento e crescimento das células oocitérigisro. Para o crescimento total
dos oocitosin vivo é necessério a liberagdo de LH, armazenamento de proteinas e
acumulo de RNA, aumento da atividade de MPF e MAPK e a redistribuicdo das organelas
celulares. Assim, o didmetro dos foliculos ovariano estéo correlacionados positivamente
com didmetrale oocitosemvacas e bufalagFairetal., 1995; Raghetal., 2002). Eem
cabras adultas, esta relacdo de foliculos com didmetros maiores (>5mm) também esta
envolvida com melhor desenvolvimento embrionario (Cretat, 1995)Japara as pré-
puberes, pesquisadores constataram uma maior quantidade de foliculos e oocitos nos
ovarios, e até resultados semelharges maturacaoin vitro e fertilizagaoin vitro.
Entretanto, outras pesquisas confirmam taxas menores de FIV e de blastuistos
bovinos, ovinos, suinos e caprinos (Armstrong, 2001; Romangtara2011).

A producéoin vitro de embribes caprinos ainda ndo € uma biotecnologia
rotineiramente efetiva devido a uma sédie fatores que dificultam a evolucdo no
processo de maturacao, fertilizacdo, cultivo e congelamento. Utilizando fémeas pré-
puberes tornae um fator a mais que dificulta a evolugéo deste processo. Outro fator
deletério durante todo o proceskoPIV é o0 estresse oxidativo que ocarecélulas de
culturain vitro. Este ocasiona um desequilibrio na quantidbelespécies reativas de
oxigénio (ERO) e de agentes antioxidantes, o que provoca dami$A de ambass
células da linha germinativAs consequéncias destes levam a alteracdes mitocondriais,

blogueio do desenvolvimento embrionario e apoptose (Weag 2002).



A adicdo da melatoningN-acetyl-5-methoxytryptaminegm meios basicos
utilizados na PIV tem como finalidade asBobter a sua funcao protetora contra danos
oxidativos e sua capacidade de eliminar os radicais hidroxilas. Ela atua também como
substratos, mediadores de transferéncia de elétrons e reacdes de radicais livres (Poeggeler
etal.,1993; Reiteet al., 1994). Estas propriedades a tornam uma antagonista oxidativa
em condi¢Besn vitro e farmacoldgicas o que contribuem para protecéo fisiolégica nas
células (Hardeland & Pandi-Perumal, 2005).

Esta proposta tem como finalidade produzir embridegtro de cabras pré-
puberes, na tentativa de oferecer futuramente a opg@utikzar a melatoninemmeio

de cultura para multiplicagéo acelerada de fémeas de alta produ¢cdo comprovada.



REVISAO BIBLIOGRAFICA

A producéaan vitro de embrides (PIV) € uma a biotecnologia apliGadanimais
de producdo com o objetivo de ndo somente obter embrides de animais selecionados
geneticamente odie aqueles que est&mriscode extincdo, mas também de produzi-los
em laboratoérios para escala comercial. Outra alternativa da PIV seria a de evitar que
fémeas de alto valor econémico e genético sejam descartadas precocementesta PIV
fundamentadamtrés fatores essenciais e continuos: maturacéo dos oocitos colhidos de
doadoras; a fertilizacdo destes oocitos maturados e o cultivo destes embrifes produzidos

até o estagio de blastocisto.

1. Maturacaoin vitro

A maturacao oocitaria € definida como a reinicializacdo da primeira meiose e sua
completa divisdo, caracterizado pelo estagio de vesicula germinal até a metafase II,
acompanhada da maturacdo citoplasmatica necessaria para fertilizacdo e para o
desenvolvimento embrionario.

A obtencdo de um oocito competente apto para ser ovulado e fecundado depende
de dois fatores essenciais: maturacdo nuclear e maturacdo citoplasmatica. O
desenvolvimento normal de um oocito é caracterizado pela extrusdo do primeiro
corpusculo polar (GVBD, germinal vesicle breakdown), com o restabelecimento da
meiose, 0s cromossomos progridem da metafase | para td)a@fasgletando a primeira
divisdo meiéticaHa a segunda divisdo meidtiaie inicio rapido apds a primeira divisao
meiotica, com o surgimento do oocito na fase de metlfpsea posterior ovulacdo (Cha

and Chian, 1998).



1.1. Maturagéo nuclear ou meiotica

O inicio da meiose no oociteda desde a vida fetal quando ha o desenvolvimento
dos ovérios se mantem estacionado na fase de diploteno com a formagédo da vesicula
germinal (VG). Através da vida reprodutivle uma fémea, 0s oocitos adquirem a
habilidade de iniciar os processos de inversdo meiotica dos cetifasHfase | com o
rompimento da vesicula germinativa (RVG) e consequentemente, 0 eotieguida,
irhd ao estagio de diacinese, metafase | (Ml), anafase | (Al') e tel6fasg E(iCerrando
a primeira divisdo meidtica. Logo, os oocitos progridem para a metéfdaesegunda
divisdo meidtica antes da ovulacao (Cha and Chian, 1998).

De acordo com CHA & CHIAN (1998) uma das formas para alcangar a
competéncia dos oocitos pa@obter o rompimento ddG seria a liberacéo deH pela
onda pré-ovulatéria e a degeneragdo dos foliculos atrésicos. Pois, estes fatores sao
responsaveis pelo rompimento da vesicula germeénalanimaisin vivo durante o
crescimento folicular. Porém, segundo os mesmos,sea@nseguir &ompeténcia dos
oocitos e desta forma o rompimentoWa, depende de certas caracteristicas interligadas
que se iniciam desde a formacdo dos foliculos a fatores relacionasloglulas da
granulosa, como os esteroid€s¢*, inositol 1,4.5-trisphosphate (IRZAMP, purinas e
o hormdnio LH. Alémde existir também o papel das proteinas no RVG, tais casno
citoplasmaticas, maturation promoting factor (MPF) e fator citostatico.

Estudos como de Samaddal. (2000) e Bormanetal. (2003) demonstraram que
sob estas condic¢des citadas e por uma selecdo qualitativa dos oocitos, a maturacéo nuclear
pode ter resultadate 70-90% desteem MIl. Diminui-seeste numero para 72% quando
os oocitos foram adquiridos de foliculos maior derf8 de cabras pré-puberes (Martino

etal., 1994).



1.2. Maturacéo citoplasmatica

Compreende a mesma fase do ooeitomaturacéo nuclear, periodo do oocito
gue envolve desde seu estagin VG até o progresso da metafase | até a metafase I,
caracterizando-a&m alteracdes estruturais citoplasmaticas, tais como a migracdo e
organizacao dos granulos corticais a regiao cortical do ooplasma (Mermehdlod2006).

No periodo de crescimento e maturacao dos oocitos, ha a producdo e o armazenamento
de proteinas e de RNA no citoplasma, essenciais para a recomposi¢cao genémica, ativacao
e envios de mensagens indispensaveis para regulamentacdo da embriogénese. Desta
forma, o metabolismdo oocito é caracterizado por ativar a transcricdo e traducéo de
proteinas e RNA durante o periodo pré-ovulatério para serem utilizados pelos oocitos e
blastocistos iniciais durante seus desenvolvimentos (Wassarman & Kinloch, 1992; Cha

& Chian, 1998).

Os oocitos dos mamiferos séo envolvidos por camadas das células do cumulus
durante a foliculogeneses. A importancia destas células para a maturacédo citoplasmatica
€ sua sensibilidades gonadotrofina. Com isto, elas passam a produzir e secretar varias
substancias, como: polipeptideos e hormoénios esteroides, prostaglandinas, progesterona
e AMP ciclico, todos relacionadas promover o reinicio da meiose (Thibault, 1977; Cha
& Chian, 1998).

Sumariamente, para obter resultados positivos na prodigdmbrides, a
qualidade de oocitos esta totalmente correlacionada. Pois, attawvéaturidade do
ooplasma, o citoplasma estd apto para fornecer todo o aporte (RNA e proteinas) que a
fertilizac@o e o desenvolvimento embrionério necessitam (Cha & Chian, 1998).

Apesarde estes estagios serem concluidos com éxito com relagdo a competéncia

oocitaria, édeseesperar que alguns oocitos ndo sejam capazes de serem fertiligados e



desenvolverem a embribes. Existem alguns fatores que estejam relaci@mados
crescimento do mesmig foliculo. Segundo Mermillod (1998), a progresséo do numero
de oocitos competentemm uma populacdo de foliculomm crescimento pode ser o
resultado daqueles que foram capazes de actemulatores como: RNA e proteinas, e
que obtiveram maior aporte de hormonios e uma melhor regulagéo interfolicular.

No estagio da competéncia meidtica, cojdoi citadoem Mermillod (2008),
oocitos maduros, fertilizados e que alcancam estdgio de blastociston vitro ndo
significa necessariamente que houve competéncia desenvolvideettstoa uma forma
de investigar uma situacdo fisio-patoldgica que ocorre na competéncia dos oocitos.
Existem outros critérios mais especificos que poderdo avaliar a qualidade dos embrides
através das expressdes genéticas, metabolismo do embrido ou taxa de sobravivéncia

vitro dos embriBes apdés a vitrificacao.

1.3. Importancia do cumulus oophorusna maturacdo oocitaria

A morfologia do foliculo, parametros foliculares e a qualidade do oocito devem
estar associad@® éxito na M1V, na FIV enaproducao de embrid@svitro. O complexo
do cumulus oocito (CCO), principal estrutura adjunta e responséavel pela moréwogia
oocito, tem sua classificacéo correlacionands-guantidadesle camadas pelas quais o
oocito possui (Blondin & Sirard, 1995).

A associacdo entre oocito e células do cumskiga metabolicamente pela
ligagdo gap junctions, permitindo a troca e o fornecimento de varios produtos metabolicos
aoooplasma. Esta comunicac¢ao no foliculo é essencial para o desenvolvimento do oocito
e consequentemente sua fertilidade. Dentre este metabolismo inclui a dos carboidratos,
tanto de glicose, piruvato e lactato, como de aminoéacidos (glutamina) e nucleotideos para

a producéao de energa oocito. Além disto, é através do gap juctions que ha passagens



de cAMP, purinas, citoquinas, peptideos, horménios esteroides, eletrdlitos, e outras
proteinas entre o fluido folicular (FFaecélulas dos cumulus (Eppig and Downs, 1984).
As células do cumulus possuem também uma fungéo de autotd@mtaducédo de 4cido
hialurbnico no meio extracelular que os permiteseaispersarem se expandirem,
completando seu desenvolvimento (Salustal., 1989). Esta comunicacdo tambgen
d& do modo inverso, do oociéscélulas do cumulus. O oocito secreta alguns datbe
crescimento como o growth differentiation factor 9 (GDF-9) e GBH<conhecido
também como bone morphogenic protein 15 (BMP-15), importantes para a diferenciacao
e controle das linhagens das células da granulosa (®utbn2003).

Um dos critérios mais seguidos pelos embriologistas na selecao de oocitos aptos
a MIV é justamente a morfologia das células do cumulus oophurus. Através da definicao
de expansao do cumulus, pernmstepresumir qual foliculo esteja provavelmeeta
atresia (Hinrichs & Williams, 1997). A compactacao selecemagueles que possuem
maior nimero de camadas e de maior grduuma correlacdo positiva entre o aumento
das células do cumulus e a competéncia desenvolvida (Hashetadtp1998). Assim,
concluiseque oocitos desnudos (0s que ndo possuem células do camsbus redor)
nao apresentam habilidadeincorporar glicose e dependem da glutamina e do piruvato

para a sintese de ATP (Shimstal., 1988; Madisoetal., 1992).

1.4. Fatoresque afetam a qualidade oocitaria

A qualidade embrionaria esta diretamente relacionada e é totalmente dependente
da qualidade dos oocitos adquiridos pela fér@snocitos por sua vez, dependem da
foliculogénese, do complexo cumulus-oocito selecionado no laboratorio, do tamanho do
foliculo e do oocito adquirido para selecdatemperatura e do pH adquiridos os oocitos,

da idade da doadora e do meio de maturacéao utilizado para seu crescimento e maturacao.



Composicao do fluido folicular

A composicgao do fluido folicular (FF) € composta durante a foliculogenese e esta
diretamente relacionads estado nutricional da fémeam ruminantes, a nutricdo esta
correlacionada a fertilidade devidofornecimento de nutrientes especificos e essenciais
aos animais, influenciando positivamente na fisiologia reprodutiva das fémeas, sendo
possivel o desenvolvimento do foliculo, ovulacdo, maturacdo oocitaria, fertilizacao,
sobrevivéncia embrionaria e o estabelecimento da gestacdo (Ro&tinkp2006).

O principal efeito da nutricdo sobre o desenvolvimento do oocito é o estresse celular. Este
sob qualquer efeito adverso ocasionado por um desequilibrio no balango energético levara
a um déficit no metabolismo das células da granulosa alterando a composi¢ao do fluido

folicular, impedindo seu crescimento (Roakal., 2004).

O fluido folicular é constituido por proteinas, fatores de crescimento/citoquinas e
outros hormdnios peptideos, esteroides (progesterohi#-eestradiol), metabdlitos
energéticos, eletrdlitos, lipideos (acido lineico), outros fatores indefinidos e esta
relacionado com a fisiologia ovariana, pois esta constituicdo ndo é constante e varia de

acordo com o crescimento e o desenvolvimento de cada foliculo (Sutton, 2003).

Efeito do foliculo

A relagéo entre o tamanho do foliculo e a competéncia oocitaria € muito evidente
e conhecida. Trabalho como de Lonergaal. (1994) permitiuem bovinos, ampliaas
caracteristicas para selecdo de oocitos e conseguir aurasrmaances de produzir
embridesn vitro e uma melhoramsua morfologiaEm caprinos, foi Crozegtal. (1995)

gue obteve resultados semelhantes.



De acordo com Sira@t al. (1992), o que permitiu esta relacédo foi o fato de
foliculos maiores possuirem a capacidade de produzirem e armazenarem uma forma
muito estavel de RNA, possibilitando um microambiente folicular favoravel.

Porém,em bovinos, a taxa de producdo de embriesitro provindos de foliculos
grandes e médios € igual quarsedrata de qualidade biologicdem caprinos, oocitos
de foliculos antrais médios (3,1A%M) tiveram uma capacidade oocitéria prejudicada e
serefletiram na baixa taxa de blastocisto (Creget., 1995).

SegunddDe Smedtet al. (1994), a competéncia meidtica dos oocitos de cabras
progressivamente melhora durante o crescimento folicular (foliculogénese). Foliculos de
2 mm estao ainda sintetizando RNA para quando alcancaremmose3tejam no periodo
de atividade de trascripcional baixa e sua morfologia nucleolar completa. Foliculos
menores que 0,m de didametro, 0os oocitos permanecem no estag\WGjefoliculos
entre 0,5-0,8mm, 0s oocitos retomam a meiose e permanecem na pro-metafase
foliculos entre 1-1,8nm entram na metafade e aos 3nm ou mais, ha condensacéo
nucleolar dos oocitos e alcancam a metéafase Il, completando sua maturacéo.

O tamanho do foliculo foi relacionado a composi¢caélele ao desenvolvimento
do Complexo Cumulus Oocito (CCO), e consequentemente, estd correlacionado a
quantidade de energia metabdlica produzida. O CCO utiliza a glicose como sua principal
fonte de energi, produzindo substratos como piruvato e lactato, principais nutrientes
consumidos pelo oocito. A atividade glicolitica aléem de produzir energiftorma de
ATP, fornece o piruvato e reduz os equivalentes utilizados para uma futura oxidacéo
(Suttonetal., 2003). O metabolismo do piruvato pelo oocito ocorre duasih iniciais
da maturacdalapara os oocitos desnudos, estes possuem baixa capacidade de utilizar
glicose e sdo dependentes da sintese de ATP pelo metabolismo da glutamina e do piruvato

(Zuelke & Brackett, 1992).
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Efeito reprodutor

Existem parametros extremamente criticos que estdo correlacionados para o
sucesso da fertilizacam vitro. O macho reprodutor € um parédmetro que pode
comprometer completamente a PIV de embrides. Espermatozoides de mamiferos ndo séo
imediatamente capazes de fertilizarem os oocitos, eles passaompperiodo de
preparacao quim vivo ocorre no 6rgado genital feminino (Rogers, 1978; Paaist.,

1988). E necessario um processo que possibilite aos espermatozéides recém seletados
capacitem para ocorrer a a uniao desses dois gametas e iniciar o desenvolvimento
embrionédrio. Este meio utilizado é uma alternativa para a capacitacdo espermatica e
fertilizagéo, pode ser de tais tipos como: meio TALP, modified Defined Medium e
TCM199. Proteinas como o soro-albumina, o célcio e o bicarbonato sdo geralmente
adicionadagmmeios de capacitacdo também. Porém, o suplemento mais importante para
a capacitacdo dos espermatozoides foi a heparina (Yeuals 1991; Parristet al.,

2014).

Heparina é um polissacarideo pertenceategrupo das glicosaminoglicanas
(GAG), é secretada pelo epitélio do aparelho reprodutivo feminino, principalmente na
tuba uterina, e atua na capacitacdo espermaética, influencia na motilidade e melhora a
habilidade de fertilizacdo dos espermatozoidesmuitas espécies, como: bovinos,
caprinos, suinos, ratos, ovinos (Handreinal., 1982; Cogniet al., 1996; Doraet al.,

2006; Borg and Holland, 2008; Towhielial., 2009). A heparina estimula a capacitacao
espermatica através das mudancas que ocorrem na membrana do plasma dos
espermatozoides, tais como: redistribuicdo dos lipideos na bicamada lipidica, o influxo
de calcio, fosforilacdo de proteinas especificas e outras mudancas que ocorrem no

metabolismo intracelular do espermatozoide (Berggvisit, 2006).
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Outra condicao importante para o sucesso da FIV é a concentracdo espermatica.
A quantidade de espermatozoides nos quais serdo incubados pode afetar a eficiéncia da
capacitacao. Assim tambéas condicbes dos incubadores. O tempo de incubacéo e o
contato entre espermatozoide-oocito-meio capacitante também € muito importante a
considerar(Rogers, 1978). Segundo Izquierelal. (1998).emcaprinos, alguns fatores
sdo responséaveis pelo aumento da taxa de penetracdo espermatozoide-oocito, como: a
utilizacdo de ejaculados de semen a fresco de alta qualidade, uso da concgattacao
10° espermatozoides \ mL, selecdo do semen com motilidade de no minimo de 70%, e

tempo de incubacé&o com heparted5 min, a temperatude 38.5°C.

Idade das doadoras

O objetivo de adotar fémeas pré-puberes como doadoras de oocitos esta
relacionado ao programa de melhoramento genético. Antigos programas como
inseminacao artificial e teste de progénie conseguiram durante os Ultimos 20 anos
aumentar a intensidade e acurda@aselecao genética das racas de gado bovino. Atuais
programas, tais como: transferéncia de embrido, aspiracao folicular guiada por ultrassom,
MIV, FIV e CIV pretendem utilizar estas fémeas pré-puberes e diminuir o intervalo de
geracBes e aumentar o ganho genético ([2ubl, 1996).

Outra vantagem para o uso de fémeas pré-puberes € a maior quantidade de
foliculos e oocitos que estas possuem relacdo a uma vaca adult@s foliculos
vesiculares surgem no ovario de bovinos durante a gestacao, entre 220-2EQ alias.
ovario neonatal possuem entre 75.000 a 300.000 oocitos aos 5 dias pos-nascimento
(Erickson, 1966).

Quanto a competéncia oocitaria, Wat@l. (2002) utilizando oocitos de cabras

pré-puberes e de adultas obtidos por LOPU, obtiveram resultados semelhantes tanto para
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MIV, quanto para a FIV. A conclusdo para estes autores esta relacionada quanto a
qualidade dos oocitos e ndo a idade dos oocitos coletados, ou seja, eles devem estar
envoltos por varias camadas de células do cumulus, possuirem um citoplasma homogéneo
e terem um didametro grande.

Armstronget al. (1992) também utilizando oocitos de vacas pré-puberes e de
adultas obtidos por LOPU e por abatedouro, obtiveram maiores taxas de mérula e de
blastocisteemnovilhas. Apesar de ser baseadosum nimero pequerde amostragem,
cCOmo 0 mesmos ressaltaram, a proporcdo na taxa de clivagese déeriu entre
novilhas e vacas.

Contudo, Armstrong (2001) afirma que a idade da doadora € um fator significativo
por influenciar a competéncia oocitaria e consequentemente a efici@mezducaan
vitro de embridesle vacas, ovelhas e porcas. Uma das explicacdes cabiveis € o fato de a
competéncia ser sequencalcrescimento e desenvolvimento do foliculo. Isto significa
que para alcancar o estagio final do foliculo pré-ovulatério, o foliculo deve sofrer a
influéncia dos horménios gonadotréficos (FSH e LH) e ter acumulo de cAMP @Bagg
al., 2006). Necessariamente, para ocorrer este fendmeno, a fémea deve estar na fase pré
pubere, préximo de sua fase adulta.

Para Revettal. (1995), vacas adultas além de possuirem uma taxa de blastocisto
maior queemnovilhas, mostraram também uma taxa de prenhez melhor. Apenas 4% das
novilhas conseguiram levar a prenhez. Desta forma, meedramportancia da formacgao
de um microambiente folicular adequado antes da puberdade. Ndo somente pelo
estabelecimento pulsatil da secredaédH, mas também pelo amadurecimento gonadal,

guando ha o aumento do numero especifico de receptores gonadotroficos.
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1.5. Meios e suplementos utilizados para MIV

Os componentes adicionada® meio de cultura sdo fundamentais para o
desenvolvimento dos oocitos imaturos utilizados para a producao de entbniies.

Através destes, serdo possiveis criar condi¢cdes favoraveis e (teis para optimizar a
maturacdo e o desenvolvimento destas células imaturas. S&o adiciemedifesentes
estagioslecrescimento, de acordo com a necessidade fisiologica hosgeaontram

estas células (Cognétal., 2003).

Os suplementos mais comuns adicionagms meio de cultura sdo: MEM,
Waymouth, Ham-F12. Entretanto, os componentes mais utilizados sdo: meio TCM 199,
bicarbonate buffered, minerais, carbono e fontes de energia (glicose, glutamina),
vitaminas, aminoécidos, L-glutamine, pyruvate, FSH, LH, estradiol-1lditjos (soro
fetal bovino, sorale cabra), EGF e diferentes componentes thiol, tais como: cystine,
cysteine, cysteamine, glutathione, 3-mercaepthanol e protetores celulares antioxidativos
(Cogniéetal., 2003, Paramio, 2010).

Utiliza-setambém o fluido folicular (FF) adquirido de foliculos maiores (>4mm)

e nao atrésicos, através deste, verifieama influéncia positiva na maturagéo oocitaria
quanto a presenca de fatores de crescimento (IGF-1 e EGF), horménios esteroides, e
peptideos intra-ovarianblareceptores especificos nas células da granulosa promovendo
este efeito positivo na maturacié&ovitro. Aléem, de estarem relacionados a extrusédo do
primeiro corpusculo polar na meioske e na recuperacdo dos foliculos atrésicos

(Ainsworthetal., 1980; Guleetal., 2000; Cogniétal., 2003).
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Melatonina

A melatonina (N-acetyl-5-methoxytryptamine) € o principal horménio da
glandula pineal. Porém, ha a produgdm outros 6rgdos como a retina e o trato
gastrointestinal. E sintetizado do aminoacido triptofano e secretado como serotonina.
Para se tornar em melatonina, sdo necesséarios duas enzimas, serotonin-N-acetyl
transferase (NAT) e hydroxyindole-O-methyl transferase (HIOMT). A caracteristica
primordial destas enzimas é que sdo expressadas de acordo com a quantidade de luz
captada pela retina do animal (fotoperiodo) (Claustrak, 2005; Tamura, 2009).

A propriedade principal da melatonina fisiologicamente € a hormonal. Por ser
altamente soluvel tanem agua com@mlipidios, atravessam facilmerdsemembranas
celulares e alcangcam varios fluidos, tecidos e compartimentos celulares, como: saliva,
urina, fluidos cerebrospinal, foliculos pré-ovulatérios, semen, fluidos amniético e o leite.

A melatonina estd relacionad&o ritmo circadiano e a reproducdem animais
considerados de dia curto, como ovelhas e cabras. Desta forma, a vaaiaigiucao e

na secrecao deste hormonio, depende da flutuacdo anual do tempo e da duragéo do dia. A
atividade ovariana de grande parte das cabras é nula durante alguns meses do ano, como
0 outono e o inverno na regiao sul do pais (Claustedt, 2005). Desta forma, existem
maneiras artificiais para imitar os efeitos dos dias curtos nestes animais, elevando o nivel
de melatonina circulante. Administrar melatonina exégena de forma continua e lenta com
este intuito, pode ser obtida com a aplicacédo de implantes, como dispositivos subcutaneos
(Chemineatetal., 1996).

Alguns dos papéis mais importantes da melatonina na reprodeciyem a
existéncia de seus receptores no hipotalamo, na hipofise e no ovario, e também de

possuirem a capacidade anti-oxidatee,ambos os niveis fisioldgico e farmacologico,
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com aacaocontra radicais livres (Waoetal., 2001; Dubocovicktal., 2003. Retiretal.,

2005).

Melatonina na performance reprodutiva

A optimizacdo da performance reprodutiva quasdaitiliza implantes com
melatonina refletea produtividade ena fertilidadeem cabras (Zarazaget al., 2012).
Diferentes concentracbes de melatonina podem afetar algumas funcbes reprodutivas,
principalmeng, no ovario, onde foram encontrados receptores especificos para
melatonineemratos, camundongos e humanos (Netes., 1999; Leetal., 2001; Soares
etal., 2003)Ha maior producéo nas células da granulosa, na esteroidogenese e aumento
nos foliculos de galinhas e humanos (Webley & Luck, 1986; Ayre & Pang, 1994; Tamura

etal., 2012).

Melatonina e sua acao oxidante

Melatonina também € considerada uma eficiente e poderosa protetora contra
danos oxidativos pela sua capacidade de eliminar os radicais hidroxilas. Ela atua como
substratos e mediadores de transferéncia de elétrons e reacdes de radicais livres
(Poeggelert al.,1993; Reiteet al., 1994). Esta propriedade a torna uma antagonista
oxidativa em condi¢desin vitro e farmacolégicas o que a contribui para protecao
fisiologica nas células (Hardeland & Pandi-Perumal, 2005).

Outras acdesla melatonina como protecdo antioxidante, acrescamta-de
regular outras enzimas antioxidantes. Ela é capaz de estimular a glutathione peroxidase
(GPx), uma enmaresponsavel pela reducéo de lipidios e peroxidos de hidrogénio o que

diminui danos oxidativos nos tecidos (Arthur, 2000).
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A melatonina também atua na cadeia respiratédria e seu efeito esta por diminuir a
formacéo de radicais livres. Diferentemente do efeito antioxidante, ela elimina rgdicais
formados (Hardeland & Pandi-Perumal, 2005). Tal eféititado por Poeggeler (2004),

o qual a melatonina foi a responséavel por reduzir a formag@grhitocondrial.

Melatonina na producéa vitro de embrides

Para maximizar o potencial de fémeas geneticamente superiores, é importante o
desenvolvimento de métodos que permitam a prodigdaior nUmero de descendentes
em menor intervalo de tempo e impedir o descarte precoce de fémeas geneticamente
privilegiadasportadoras de alteracdes adquiridas que impedem que a reproducao ocorra
de forma natural ou até mesmo pela transfer&etmnbrides (Goncalves - Bulnetal.,

2002). A producéaadn vitro de embrides (PIV) € um exemplo, envolvead@tapas de
colheita, maturacéo e fecundacéo de od4citos, bem como o cuttivcudtivo de zigotos
e estruturas embrionarias.

Apesar da PIV estar bem estudasta diferentes espécies, é considerada ainda
uma técnica que possui uma baixa eficiériembovinos, a taxa de prenhez de embrifes
produzidosin vivo supera os produzidas vitro (Ponteset al., 2009). Uma das causas
para diminuir esta eficiénciee da pelas condi¢cdes aerdbias qseélulasin vitro sao
submetidas. O oxigénio é indispensavel para o crescimento e o desenvolvimento destas
células. E através deste elemento gsieeaces bioquimicas sdo realizadas para suas
atividades biologicas (Sugino, 2004; Deveial., 2011; Tamuratal., 2012).

As espécies reativas de oxigénio (do inglés Reactive Oxigen Species - ROS) tais
como: radical superoxid®?), radical hidroxila QH") e perdéxido de hidrogén{#i20y)
sao provenientes do oxigénio, e considerados os mais importantes. ROS sao formados

durante a fosforilagéo oxidativa e na producdo de ATP quando ha liberacéo de elétrons
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da membrana mitocondrial interna (Devateal., 2012). Eles interagem com proteinas,
lipidios e acidos nucleicos, ocasionando danosDiNA, peroxidacdo lipidica e
principalmente, afetam a estrutura e a fungdo da membrana celular (Sugino, 2005).

Entretanto, para evitar esta tamanha destruicdo celular provocada pelasROS,
células sob condi¢Bes aerdbicas produzem antioxidantes espetificeszimas nos
quais eliminam os radicais superdxido, como o cobre-zinco superoxido desmutase
(SOD), e 0 manganés superoxido, ambos localizados na mitocondria. Existem tembém
catalases, convertem os peroxiéasagua e oxigénioE a peroxidase glutationa (GPx),
que degradam os peroxidos lipidicos e o hidrogénio (Sugino, 2005). ROS e antioxidantes
estdoem constante equilibrio nas células dos mamiferos, caso umagaproducao
excessiva de ROS, desencadea-estresse oxidativo (Agarwet al., 2005).

ROS sé&o produzidos nos ovarios, especificamente dentro dos foliculos, durante a
ovulagdo. Nas células esteroidogenicas também séo fonte de ROS. Nas mitocondrias,
reticulo endoplasméatico, membrana nuclear e plasmatica também o séo (Sugino, 2005).
A excessiva producdo destes metabdlitos de oxigénio danificam estruturas celulares e
moleculares contribuindo para enfermidades que comprometem a reproducdo e
fertilidade (Agarwaktal., 2005).

Um dos principais objetivos parae obter um excelente crescimento e
desenvolvimento embrionario é protdgédo estresse oxidativo ques condicbesde
culturain vitro o fornecem. Uma das formas cabiveis de evitar a toxicidade provocada
pela ROS é a de adicionar antioxidantes nos meios embrionarios (Takahashi, 2012).

Ha dois tipos de antioxidante utilizadesi meio de cultivo embrionarim vitro,

0 enzimatico\proteico e 0 nao-protei€ds antioxidantes enzimaticos sdo conhecidos
como naturais. S&o compostos de superéxido desmutase, catalase, glutathione peroxidase
e glutathione reductases quais reduzem o peroxido de hidrogéemoagua e alcoolDs

antioxidantes ndo enzimaticos sdo conhecidos como sintéticogasS#aminas e 0s
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minerais como a vitamin@, vitaminaE, selénio, zinco, taurina, hipotaurina, glutationa,
beta-caroteno e caroteno.

A utilizagdo de antioxidantes no cultivo embrionariovitro foram capazes de
melhorar o desenvolvimento embrionario. A melatonina, um exemplo de antioxidante
enzimético, foi efetivaem meios de culturén vitro de camundongos, bovinos, suinos,
bufalos, ratos e murinos (Ishizuétal., 2000; Papistal., 2007; Rodriguez-Osoraial.,

2007; Manjunathatal., 2009; Tiaretal., 2010; Wang et al, 2013). Apesar de seu elevado
peso molecular, sua funcionalidade seria como de radicais livres, nos quais retiram o ROS
extracelular gerado para fora dos meios dos embrides (Takahashi, @) funcéo,

seria a de estimular a expressao de genexidantes e de genes anti-apoptoticos, o que

levaria a uma melhoriaaqualidade dos blastocistos (Weaetgl., 2013).

2. Fertilizacaoin vitro

A FIV é uma biotecnologigd muito bem estabelecida que tem uma papel na
ciéncia da reproducao como uma técnica basica e aplicada a producao de embrides. Desde
1878, seu objetivo continua sendo uma alternativa para infertilidladeumanos e
animais, aumentar a produtividade de carnes e conservagao genética de animais (Bavister,
2002).

E um procedimento minucioso que para obter resultados satisfatérios deve ter
cautela aos protocolos propostos na maturagdo oocitaria, selecdo espermaética,
capacitacao espermética e meios adotdflogabras, a utilizacdo de sémen a fresco sdo
frequentemente mais utilizados (Cetal., 1994; Keskintepet al., 1994; Croze¢t al.,

1995; Mogastal., 1997a; Izquierdetal., 1998; Anguitaetal., 2007; Romaguertal.,
2011).Japara sémen congelados ndo sdo tdo comuns (Keskateepel 998; Rhetal.,

2001; Bormanretal., 2003).
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Tendoemyvista 0s avangos nas tecnologias adotadas na FIV, o foco voltado para
a manipulacdo do espermatozoide, principalmente centralizado para capacita-lo, permitiu
ser possivel a fertilizacdia vitro em humanosem 1969 (Bavister, 2002). Para estas
condicdes, é necessario preparar 0s espermatozoides para estes serem capazes de fertiliz
um oocito maduro. Desta forma, o primeiro passo para a manipulacdo dos
espermatozoides comeca separando 0s componentes viaveis dos inviaveis dOsémen.
componentes viaveis sdo constituidos pelos espermatozoides vivos e potencialmente
fertilizaveis, e 0s inviaveis sdo 0s espermatozoides imdveis ou mortos, debris,
microrganismos e plasma seminal.

No macho caprino, utilizaedois métodos de separacao, o swim-up (Keskintepe
etal., 1994; Izquierdetal., 1998; Katska-Ksiazkiewic al., 2004; Jiménez-Mace&d
al., 2005; Anguitaet al., 2007; Romaguerat al., 2010b) e ale centrifugacédoem
gradiente de densidade descontinuo (Pawsak, 1996; Rhaeetal., 2001; Wangt al.,
2002a; Bormanret al., 2003). A diferenca entre estes dois méta#oge quandcse
compara somentea quantidade de espermatozoides méveis (melhor para o swim-up),
pois para a taxa penetracdo do espermatozoide no oocito e a taxa de clivagem nao
resultamemdiferenca entre eles (Paloratal., 1999).

Uma vez separado os espermatozoides viaveis, é necessario capacita-los. A
capacitacao € definida como modificacdes estruturais que ocorrem na membrana do
espermatozoide ap0s a reacdo acrossdntic ativada pela liberacdo de enzimas
proteoliticas produzidas no 6rgdo genital feminino e causam alterag@esomosso,
expondo os receptore® membrana, tornando-o apto a ligar aos receptores especificos
da zona pellcida no oocitem caprinos, utikaseuma serie de agentes, tais como: estro
de ovelhas inativado por calor (De Smetlal., 1992), soro de cabra (Koemetral.,

2003; Katska-Ksiazkiewicet al., 2004), heparina (lzquierdet al., 1998; Jiménez-
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Macedoetal., 2005), heparina e ionomicina (Waet@l., 2002a; Urdanett al., 2004),
inoforo de célcio (Pereiret al., 2000), e heparina e cafeina (Youetial., 1991).

O meio de fertilizagdo utilizado para caprinos, incluem: modified Defined Media
(mDM) (Crozetetal., 1995), meid'yrode’s Albumin Lactate Pyruvate (TALP) (Parrish
etal., 1986) suplementado com hypotaurine (Magas., 1997b; Izquierdetal., 1998),
e meio Synthetic Oviductal Fluid (SOF) (Rt al., 2001). O meio seletivo para a
capacitacao dos espermatozoides selecionados com mDM com heparina, e meio TALP
com hypotaurine para fertilizagdo dos oocitos forneceram altas taxas de oocitos

penetrados (Izquierdet al., 1998).

3. Cultivo in vitro (CIV)

A CIV é o ultimo evento para a produgd®embridesn vitro. E neste periodo de
cultura poés-fertilizacdo ondee hd o maior impacto para a qualidade dos blastocistos
produzidos (Rizogt al., 2002a). Existem varios eventos que necessitam ocorrer para o
mehor desenvolvimento do embrido, como: primeira divisdo da clivagem, ativacado do
genoma embrionério, compactacédo da mérula e a formacao do blasieistastocisto,

h& a diferenciacéde dois tipos celulares: a massa celular interna (ICM), que originara o
feto e o trofoderma (TE), que formaréa a placenta (Watson, 1992).

Um fator crucial para que o embri&e desenvolva bem é a concentracko
oxigénio que ha nos incubadorB&a maioria dos mamiferos, a tensdo de oxigénio varia
entre 3,5 a 8% no orgao genital feminino (Fischer and Bavister, 19933sar do
controle que ha neste equipamento, o que preocupa € o acumulo de ROS que é produzido
no desenvolvimento embrionario.

Outro fator importante a acrescentar nos meios de culturas é o sigemergia

metabdlica que os embrides necessimseus crescimentos. O fornecimento do soro
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constituido de aminoacidos, vitaminas e fatores de crescimento, possibilitaram o melhor
desenvolvimento aos embrides, porém também causaram um certo tipo de toxicidade.
Este efeito toxic@edeveao metabolismo oxidativo que ocorre no desenvolvimento dos
blastocistos. Entretantoagéobenéfica do soro € devido a sua propriedade antioxidativa.
Desta maneira, diminui o estresse oxidativo e provoca menor fragmentacéo de células
ocasionadas pela cultura de embridegtro (Bavister, 1995).

O meio de cultura muito utilizado para o crescimento e desenvolvimento de
embrides de pequeno ruminantes € o TCM 199, porém foi pelo meio SOF (synthetic
oviduct fluid) que obteve sucesso skeconseguir o estadio de blastocisto na cultura de
zigotos de ruminantes. A partir disto, laboratdrios rotineiramente suplementam o meio
SOF com o soro. O soro, alétapossuirascaracteristicas citadas anteriormente, tem o
poder de inibir a divisdo inicial de clivagem. Isto pode acelerar o efeito tardio de
desenvolvimento, resultanamn blastocistos iniciais (Lonergaat al., 1999; Gutiérrez-
Adéanetal., 2001).

Visando o melhorar o meio de cultura, pesquisadores adicionam também fatores
de crescimento, como epidermal growth factor (EGF), insulin-like growth factors (IGF),
pela influéncia que estes possuem no metabolismo e desenvolvimento embrionario,
resultandcem aumento na taxa de blastocistos e no niumero de células dos blastbmeros

(Bavister, 1995¢tabowski etal., 2005).

4. Vitrificagéo de embrides

E uma biotecnologia aplicada nas técnicas reprodutivas assistidas com o intuito
de preservar o material genétiem forma de oocitos ou embrides de animais de alta
produtividade e de animais com risco de extincdo. A aplicabilidade desta técnica

permitiria a formacaale um banco de germoplasma para o uso no futuro. Existiria
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beneficios praticos e vantagens econémicas. Porém, os procedimentos de vitrificagdo de
embrides ndo sdo totalmente seguros e nateexigprotocolo padrao espécie-especifica
(Gibbonsetal., 2011).

O procedimento de vitrificar € considerado dificil de criopreservar embrides
especialmente pelo fato de estes serem extremamente sensiveis a formacgéo de injurias,
como cristais de gelao ato de congelar (Leibet al., 1996). Desta forma, os embrides
sao expostos a diferentes concentragdes de crioprotetores, aumentando sua viscosidade,
sendo capaz de eliminar completamente a formacao de cristais de gelo até os resfriarem
a baixas temperaturas. Este procedimento necessitie alta concentracdes de
crioprotetores, o que pode ser toxico para os embrides. Uma alternativa para diminuir esta
toxicidade, utilizadeem embridesde pequenos ruminantes, foi o etileno glicol, uma
substancia que possunaalta taxa de penetracao celular e baixa toxicidade. Geralmente,
associado com o glicerol, um crioprotetajgebem conhecidma literatura e que
apresenta boas taxas de sobrevivéncia de embrides e de prenhez (Mdbalin@D02;
Guignotetal., 2006). Outra alternativa recomendada é vitrificar pequenos volumes (0.6
2 pl), assim, evitara a osmolaridade nos embrides durante a criopreservacao. Existem
diferentes metodologias aplicadan diferentes espécies, como por palhetas (Btail.,

2001), gradesle microscopia eletronica (Martinet al., 1996), capilares finos (Vaj&
al., 1997), cryo-tops (Kuwayama and Kato, 2000), cryo-loops (eamaé, 1999), ou
pontas de micropipetas (Cremaeeal., 2004).

Dentre os varios métodos de congelamento de emimidigso, a vitrificacdo nao
requer uma série de equipamentos podendo ser adotada rotineiramente ¢Calgnie
2003). Portanto, um método para mensurar a criopresengg@mbridoes produzidas
vitro é a habilidadede sobrevivéncia dos embridemm cultura apds o0 processo

congelamento-descongelamento (Cogria., 2003).
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5. Partenogénese

A producéo de descendentes por uma fémea sem a contribuicdo genética de um
macho e sem a reducdo meiotica dos cromossomos é um fenémeno reprodutivo
denominado de parthenogenesis, do gfegscimento virgem”. E um processo comum
entre os insetos, principalmente nas abelhas, mosquitos e formigas. Também pode ocorrer
emalguns vertebrados, coragcobras, passaros e anfibies mamiferosséé possivel
verifichdda em estagios iniciais do desenvolvimento embriondrio, através de alguns

estimulodn vitro no oocito de ratos, cabras, vacas, macacos e humanos (Hipp & Atala,

2004; Kharche & Birade, 2013).

6. Ativacao partenogenética

A ativacao partenogenética de oocitos de mamiferos fornece uma ferramenta de
estudo que permite investigar separadamente o papel do genoma paterno e materno no
controle do inicio do desenvolvimento embriondrio, contribui para o melhor
entendimento do mecanismo de fertilizagdo, e permite compreender os principios gerais
do sistema de sinalizacdo da célula (Susko-Pastah 1994; Laretal., 2005; Maliket
al.; 2014).

A ionomicina associada sequencialmente com 6-dimethylaminogGriDelAP)
€ 0 método mais utilizado pasaobter a ativacdo de oocitos e € considerado semelhante
para os de FIV quanemdesenvolvimento de blastocistos (Susko-Patsh, 1994; Rho
et al., 1998; Ongeret al., 2001). Neste tratamento, permite o aumento intracelular de
C&* pela liberagdo de célcio das reservas citoplasmaticas (ionomicina), similar
fendmeno observado apo0s a penetracdo dos espermatozoides no oocito, enquanto a

proteina 6-DMAP acelera a formacéo pronuclear e o desenvolvimento partenogenético
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de oocitosem metafasdl de camundongos e bovinos por inilisfungdes da proteina
quinase e promover a mitose (Szolktsal., 1993; Susko-Parigtal., 1994). O 6-DMAP
também pode melhorar a inativagdo do maturation promoting factor (MPF) e o mitogen-
activated protein kinase (MAPK). Ambssaumentarem, iniciara a quebra da vesicula
germinal e a progressdo da metéafase durante a maturagdo oocitaria. Apés a FIV ou a
ativagdo partenogenética, a MPF é inativami@ocitos que estamafasedetransicdo da

MIl e, a atividade da MAPK diminui quando inicia a formacao pré-nucleardtlLal.,

1998).
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OBJETIVOS

Objetivos da proposta

Osobjetivos propostos séo:

v Avaliar o uso de melatonina a"i® em meio de maturacaim vitro no

desenvolvimento e na qualidade embrionéaria de oocitos de cabras pré-puberes.

v Avaliar o uso de melatonina a 4® em meio de cultivoin vitro no

desenvolvimento e na qualidade embrionaria de oocitos de cabras pré-puberes.

v Investigar o efeito da melatonina no meio de MIV convencional sobre o

aumento da taxa de blastocistos partenogeneticos;

v Investicar o efeito da melatonina no meio de CIV convencional sobre o
aumento da taxa de blastocistos partenogeneticos;

v Avaliar o uso de suplementar melatonina & W0em meio de maturacio

in vitro no desenvolvimento de embrides partenogeneticos vitrificados.

v Avaliar o uso de suplementar melatonina & M0em meiode cultivo in

vitro no desenvolvimento de embrides partenogeneticos vitrificados.
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CAPITULO 1 - EFFECT OF MELATONIN ON IN VITRO DEVELOPMENT OF
PARTHENOGENETIC EMBRYOS FROM PREPUBERTAL GOATS

Scientific papein preparation
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Abstract

The objective of this experiment wae test the effect of melatoniat 10° M
supplementation during vitro maturation (IVM) andn vitro culture (IVC) of small
oocytes from pre-pubertal goat on the parthenogenetic blastocyst yield and §uality.
used two typesf IVM media: (i) basic medium supplemented with [igmL follicle
stimulating hormone (FSH), 40y/mL LH, 1 ug/mL and 17B-oestradiol (conventional

IVM medium, CM); (ii) basic medium supplemented withdgImL follicle stimulating
hormone (FSH), 1@g/mL LH, 1 ug/mL, 17 pB-oestradiol (conventional IVM medium,
CM) and melatonin (18 M). After IVM, oocytes were activatetty the method
ionomycin associated sequentially with 6-DMARe also used two types of culture
medium: (i) base medium supplemented with 10% fetal cow serum (FCS); (ii) base
medium supplemented with 10% fetal cow serum (FCS) and melatoninv{L0After
cultured for 8 days, the blastocysts quality was assdsgdte survival following
vitrification/thawed and the mean cell number. The different maturation media were
combined, the blastocyst rate did not improved. Following the results of IVM, the
different culture media were combined, the blastocyst rate did not improved, on the
contrary, the blastocyst rate were worst when added melatonin on IVC mddium.
conclusion, adding melatona 10° M on IVM media and/or IVC media will not improve

the quality ofin vitro blastocysts.

Key words: caprine, melatonin, embryo, parthenogenetic, ionomycin.
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1. Introduction

Thein vitro embryo production (IVP) of goats animportant method for reproductive
and genetic biotechnologies goats, ltuhas not yet become a routinely effective
biotechnology. The results of embryos produbgdVP are low and there are still a
number of factors that hinder the progressthe maturation process, fertilization,
cultivation and freezing. One of the factors e¥hcauses deleterious effects throughout
the IVP procest the oxidative stress. This causesmbalancen the amount of reactive
oxygen species (ROS) and antioxidanthe cell mediunin vitro, which causes damage
to theDNA of cells. The consequences of this leathitochondrial alterations, blocking
embryonic development and apoptosis (Wabgj., 2002).

The addition of melatoni{N-acetyl-5-methoxytryptaminah basic media useid VP
aimsto achieveits efficient and powerful protective function against oxidative damage
andits capacityto eliminate hydroxyl radicaldt also actassubstrates, electron transfer
mediators and reaction$ free radicals (Poeggeletal., 1993; Reiteetal., 1994). These
properties maké anoxidative antagonish vitro and pharmacological conditions which
contributeto the physiological protection cells (Hardeland and Pandi-Perumal, 2005).
The functionalityof melatoninin culture media foin vitro production of embryoss
theoretically very evident, especiakg antioxidant action. What tha still unfounded

is the exact amount, physiologically and pharmacologictlys actionin the cells. Few
references are known about the concentration of toxic potential. Studies using exogenous
doses of melatonim rats showed that the toxicily acute or chronics extremely low
(Jahnkeet al., 1999). The use of different melatonin concentration (d®1®-12M) in

the culture media intensified tirevitro embryo developmeiaisin mice, bovine, porcine,
mouse and murine (Ishizuk#al., 2000; Papistal., 2007; Rodriguez-Osoraial., 2007;
Shietal., 2009; Tiaretal., 2010; Gaetal., 2012; Takadatal., 2012; Wangtal., 2013;
Wangetal., 2014).

The melatonin concentration that achievest besultsin both IVM asthe IVC was 18

M in porcine, mouse and bovine (Rodriguez-Osetial., 2007; Shetal., 2009; Tiaret

al., 2010; Wangtal., 2014). A very important feature of this concentraisdmecausé

is very closeo the physiologial level of some specieshuman and rabbit (Adriaeres

al., 2006; Mehaisen and Saeed, 2015). However, few of them have related some difficulty
and problem on development of embryos, maimlgaprine and using prepubertal female

donors.
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The IVF process requires methodologies for oocyte maturation, sperm preparation,
sperm-oocyte fertilization and embryos culture. Howeirenitro embryo production
continue demonstrating low efficiency dtemany factors involving each step of this
process. So, thelimination of two that those factorgs sperm preparation and
fertilization and add parthenogenetic activation of mammalian ooditeg| facilitate
separately the knowledge about the role of paternal and maternal genttraeontrol

of early embryonic development, contribuie better understandingf fertilization
mechanism, and allows understand the general principles of the system signaling cell
(Susko-Parristet al., 1994; Laret al., 2005; Maliket al., 2015). Furthermore, the goat
IVF process has not been improved and developed untitmgetto the optimal level

and produceas enough number of percentage of blastocyst development. The low
percentage of blastocysts developing from goat IVF oocytes could be attributex
polyspermy that it observed goat IVF.In addition, Ongeret al. (2001) have gotten
better resultdo the blastocyst development than IVF control. Therefore, the use of
ionomycin associated sequentially with 6-DMAd’the most method used obtain
oocytes activatiofSusko-Parristetal., 1994; Rhetal., 1998; Ongetal., 2001). This
treatment allows elevating intracellular concentration of Clag+elease cytoplasmic
calcium reserves (ionomycin), while 6-DMAP protein accelerates parthenogenetic
pronuclear formation and promotes early development of mouse, bovine and goat oocytes
(Szollosietal., 1993; Susko-Parrigtal., 1994; Ongeretal., 2001).

Oocytes from prepubertal females have been msaeditro embryo productiom several
studies for many years and most of them have reported low oocyte competence and,
consequently, smaller blastocyst percentage stage iwvhlegre compared with adults
oocytes (Armstrong, 2001). The genetic breeding program using prepubertal ifeenale
wayto reduce the interval between generations of families and obtain a rapid gaimetic g
sometimes they do not happenpractice (Dubyet al., 1996). Although, the use of
prepubertal female has the increase amount of oocyteattatult female, the oocytes
from prepubertal are smaller than 126 being unabldo development into blastocyst
stage. The age of the donera significant factoto influence oocyte competence and
consequently the efficienayf in vitro production of cattle embryos, sheep, sows and
caprine (Armstrong, 2001; Romaguetal., 2011). Thudgt suggests that the difficult of
embryos development was die culture conditions providedn in vitro embryo
production.

The aim of this study wase increase the efficiency af vitro embryos production from

prepubertal goats oocytes. The proposed objectives weteir(i)estigate the activation
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of prepubertal goats oocytes using ionomycin subsequently combined with 6-DMAP and
subjectedo addition of melatoninn in vitro maturation medium; (ijo investigate the
effect of adding melatoninn conventional IVM mediumin order to increase the
parthenogenetic blastocysts rate; (id)investigate the effect of adding melatomin
conventional IVC mediunm orderto increase the parthenogenetic blastocysts rate; (iv)

to evaluate the effectiveness of parthenogenetic embryos vitrified.

2. Material and Methods

2.1. Reagents

All chemical reagents used processing media were purchased from Sigma Chemical
Co. (St. Louis, MO, USA).

2.2. Oocytes collectionits classification and IVM

Ovariesof pre-pubertal goafl-2 months old) were obtained from a slaughterhouse
located in Castelbisball, Barcelona - Spain. After collection, these ovaries were
transportedo the Reproduction Laboratory Small Animal Veterinary SchdédlB and

it maintainecht 38 °Cin PBSto be processed for a period of two hours.

The samples were washedPBS and maintaineat 38 °Cto be subsequently recovered
by the slicing technique. The selection of oocytes for IVM was a priority fochibiee

of cumulus-oocyte complex (COC), those with two or more lagec®mpact cumulus
cells and homogeneous cytoplasm were used.

The COCs were washed wash dishes containing three drops of maturation medium.
Groups of 25-30 COCs were transferred into 10@rops of IVM medium covered with
mineral oil and incubateat 38.5 °C and 5% d€O;in humidified air. The basic medium
adopted for IVM was TCM-199 supplemented with 2iBmL sodium pyruvate, 146
pg/mL L-glutamine, 50ug/ml gentamycin, 10% (v/v) donor bovine serum (CanSera,
Otario, Canada) and 1@ cysteamine. There was used a basic medium supplemented
with 10 pg/mL follicle stimulating hormone (FSH), 40y/mL LH, 1 pg/mL e 178-
oestradiol and basic medium supplemented ®ithg/mL FSH, 1Qug/mL LH, 1 ng/mL,

17 B-oestradiol (conventional IVM medium, CM) e 4® melatonin(M-5250, Sigma,

St. Louis, MO, USA).
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2.3. Parthenogenetic activation of matured oocytes

At the end of IVM,it were denudedy pipetting. lonomicyn and 6-DMAP were
previously dilutedn DMSO, both dilutedn CR1aa and the last supplemented with 5%
FCS before using (Rosenkrangt al., 1993). Oocytes were expodedan ionomycin
concentration for 4nin and then washed PBS and incubated duplicatesn 6-DMAP
(Sigma)to 38.5 °C an®% COzin humid air for 3 hours.

2.4.1In vitro embryo culture (IVC)

After 4h, the oocytes were washed to remove remaining cumulus cells and 6-DMAP.
Groups of 18-25 presumptive embryos were transfetweohicrodrops of 10uL of
synthetic oviductal fluid medium (SOF) (Takahashi and First, 1992). Two types of culture
medium were used: (i) base medium supplemented with 10% fetal cow serum (FCS); (ii)
basemedium supplemented with 10 % FCS and melatonir® (4); both covered with
mineral oilin a humidified atmosphere of 5 @O, 5 % Q and 90 % Nfor 8 days.
Cleavage rate was evaluatd8 h after activation, arat the end of the culture period,

the numier of total cells of parthenogenetic embryos was assdssétbechst 33342
staining method (Sigma, USA) on fluorescent microscope. Total embryos rate (embryos
with two or more blastomeres), morula (16 or more embryos with cells and without
blastocele) and blastocyst (embryo with 60 or more cells and formed blastocele) were

measured.
2.5. Vitrification of parthenogenetic blastocysts and warming

The vitrification method used was descridgd(Mermillod et al., 1998). For thawing
method was describday (Moraté et al., 2010).As vitrification as thawing the basic
medium used was holding medium (HM) consisting of Hepes buffered TCM 199 with
20% FCS. Survival rate were calculated from the exterg-expansion of the blastocyst

after 3 and 24h post-recovery hours.

41



2.6. Experimental design

Effectiveness of melatonin addé&d the culture medium during IVM and IVC ariis
effects on the parthenogenetic embryo development of oocytes goat prepuliestal.
effect of melatonin concentration of 4® addedin IVM medium was evaluateih
cleavagein blastocyst anth embryonic quality rates. Oocytes were selected and added
in conventional IVM medium an¢h conventional IVM medium supplemented with
melatonin (18 M). After IVM, COCs were activated using ionomycin and 6-DMAP and
rates of cleavage and blastocyst were observed on days Zaffpdt - activation)On

day 9 pa, blastocysts were fixed and staittedetermine the total number of cell
analyze the effecdtf melatoninin embryonic development, presumptive zygote were
dividedin groupof 10 / 10ul of culture medium containing concentrations of 0 aré 10
M melatonin.To analyze the effect of melatonin the IVM medium andn the IVC
medium, it were dividedin four treatments: (1) TreatmeAt VM medium without
melatonin and IVC medium without melatonin; (2) Treatn&nktVM medium without
melatonin and IVC medium added with melatonin; (3) Treatr@efiYM medium added
with melatonin and IVC medium without melatonin; and (4) Treatment D: melatonin
addedin IVM medium and IVC medium. The totalocytes collected after slicing
technique were divideith a half and put them an two plates, one plate with maturation
medium without melatonin added, and other one with melatonin added. All those oocytes
after matured, they were activatiey parthenogenetic technique and those oocytes were
divided equallyin other two culture plates. One plate of IVC medium without melatonin
and other one, IVC medium with melatonin added. After 24hiPwascalculated the
cleavage rate. Then, after eight days PM&jas calculated the blastocyst rate.
Effectiveness of the culture medium during IVM on the toleramcparthenogenetic
blastocysts vitrification. The objective of this study waanalyze the effect of melatonin
(10° M) in embryonic development during IVM measutgdsurvival rate of embryos
subjectedto the method of vitrification / devitrification. The early blastocysts were
vitrified on day 8 pa and cultivated for 24 hours post-devitrificatfmmanalysis of
viability in vitro, aspreviously mentioned.

Effectiveness of the culture medium during IVC on the tolerangearthenogenetic
blastocysts vitrification. The objective of this study was atsanalyze the effect of
melatonin (16 M) in embryonic development during IVC measubgdsurvival rate of

embryos subjectetb the method of vitrification / devitrification. The blastocysts were
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vitrified on day 8 pa and cultivated for 24 hours post-devitrification for analysis of

viability in vitro, aspreviously mentioned.

2.7. Statistics

For data analyses the statistical analysis system was used (SAS, 2002). fes adrtke
cleavage, total blastocyst, early, expanded, hatched and expanding blastocyst were
submittedto logistic regression (Logistic procedure) using total of oocytes and total of
cleavageastrials. Comparisons were performed using the Chi square test. Significant

differences were adoptesdP<0.05.

3. Results

Effectiveness of melatonin addéd the culture medium during IVM and IVC ariig

effects on the parthenogenetic embryo development of oocytes goat prepubertal.

The results prepubertal goats oocytes activation using ionomycin subsequently combined
with 6-DMAP subjectedo addition of melatonimn the maturation mediunm vitro are
presentednh Table 1. After oocytes were expogec concentration ionomycin forrdin

andit washedn PBS and incubated duplicatesn 6-DMAP (Sigma)o 38.5° C and 5%
CQOein humid air for 3 hours, a total of 824 oocytes were uséalr replicateso evaluate

the effects of activationlt demonstrated that oocytes were perfectly activated using
ionomycin/6-DMAP for all treatment.

The effect of adding melatonin conventional IVM mediunm orderto increase the rate
parthenogenetic blastocysts did not exist between control and melassinwed on

Table 1. There were not difference (p>0.05) between group control and group melatonin
in relation on cleavage rate.

Embryo development rates of oocytes culturethe culture medium without and with
melatonin (18 M) supplemented according number of total oocytes can be seen on
Table 1. There was no difference for the cleavage rate (p>0.05). However, there was
evidenceof a differencean total blastocyst rate, melatonin addedhe culture medium

got worsen relation of total blastocyst and expanded rates than those without melatonin
in the medium.

The effect of melatonin (1DM) in the maturation medium and culture medium on

prepubertal goats embryo development according number of total osgytesented on
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Table 1. The cleavage rate for all four treatment were: 9%,534.55%, 94.50 % and
90.95%. It that meanso difference among all treatments (p>0.05).

In the case of total blastocyst and expanded blastocyst, on Talalelk observed that

the treatment A had a bigger number of total blastocyst and expanded blastocyst (47.26
%, 21.39%; p < 0.05) than treatment B (26.9@ 10.89%) and treatment D (24.8%,

5.43%) but there was no differenaethe treatment C (40.3®, 18.00%). The treatment

B had the same number of blastocyst and expanded blastocyst than tré&atiment

was less than A an@. The treatmenC, asthe treatmen#\, had more blastocysts and
expanded than treatment B andFinally, the treatment D had the result for blastocyst
and expanded blastocyas treatment B and presented less number of blastocyst than
treatment A an€. Whenis analyzed the Tablei% possibleto see that some numbers of
early and expanding blastocysts, both presented the same number ahdithast have
difference (p>0.05).

Table 2 shows the effect of melatonin €18I1) in the maturation medium and cultive
medium on pre-pubertal goats embryo development according cleavage rate. Similar
resultsin the number of total blastocyst were observed between the treatment A (51.08
%) and C (42.88%); and between the treatment B (28%J and D (27.36%). An
interesting result was seen for expanded blastocysts. The worst result was wiien adde
melatoninin convencional medium of IVM anph the conventional medium of IVC
(treatmentD) 5.97 % of expanded blastocyst. This number was less than all treatments.
The second worst result was for the treatment B (1%h2articularly when only add
melatoninin the conventional medium of IVC. The best results were for tbettiment

A andC, 23.12 % and 19.0%, respectivelylt that means better results when no add any
supplementedn the conventional medium of IVM, and doesn’t matteadd or no
melatoninin the conventional medium of IVC. And there were no difference (p>0.05) for

early and expanding blastocystshe all treatments.
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Effectiveness of the culture medium during IVM on the toleramcparthenogenetic
blastocysts vitrification.

The viability of the goat early blastocysts vitrified/warmisgummarizedn Table 3 At

2 hours after warming, there was no difference (p>0.05) obsérvbe survival rates
among the viable early blastocysts of all 4 grodis24 hours later after warming also

there was no difference among 4 groups.

Table 1. Effect of melatonin (18 M) in the maturation medium and culture medium on

prepubertal goats embryo development according number of total oocytes.

Treatments
Parameters
A B C D

Oocytes (n) 201 202 200 221
Cleavage (%) 92.542 94.55% 94.502 90.95%
Blastocyst (%) 47.26% 26.73° 40.50° 24.89°
Expanded%) 21.39° 10.89° 18.007 5.43¢
Hatched %) 4.98 0.00 2.50 0.00
Early (%) 8.962 9.902 12.507 8.142
Expanding%) 11.942 5.942 7.502 11.317

Within a row different letters indicate significan¢@ < 0.05). Four repetitions were made fmach
Treatment. Treatmerit: IVM medium without melatonin and IVC medium without melatonin; Tresnt
B: IVM medium without melatonin and IVC medium added with melatonieaimentC: IVM medium
added with melatonin and IVC medium without melatonin; and TredtDemelatonin addedh IVM

medium and IVC mediunm: number.
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Table 2. Effect of melatonin (18 M) in the maturation medium and cultive medium on

pre-pubertal goats embryo development according cleavage rate.

Treatments
Parameters
A B C D
Cleavage (n) 186 191 189 201
Blastocyst (%) 51.08% 28.27° 42.862 27.36°
Expanded%) 23.122 11.52 19.05% 5.97¢
Hatched (%) 5.38 0.00 2.65 0.00
Early (%) 9.682 10.472 13.23 8.962
Expanding(%) 12.907 6.282 7.942 12.442

Within a row different letters indicate significan¢lé < 0.05).” Significant associatiofP < 0.05) by
Freeman-Halton test. Four repetitions were madedchTreatment. Treatmert: IVM medium without
melatonin and IVC medium without melatonin; TreatmBniVM medium without melatonin and IVC
medium added with melatonin; TreatméntVM medium added with melatonin and IVC medium without
melatonin; and Treatmer: melatonin addedn IVM medium and IVC mediumn: numberof total

cleavage.

Table 3. Cryotolerance assessby blastocoelae-expansionat 24 h post-warming of

pre-pubertal goat blastocysts accordiog/M and IVC treatment with melatonin.

Cryotolerance

% Re-expansion after warming

Treatment

Blaslfgél)ysts, r 3h 24h
A 27 0 2
B 25 1 0
C 20 0 1
D 22 0 0

(P> 0.05);n: numberof early blastocysts.

46



4. Discussion

This study have presented none beneficial effects of melatonim wtro prepubertal

goat embryonic developmerit.demonstrate that melatonin did not improveithetro
development of parthenogenetic embi®much adding or noin vitro maturation
medium. An important and interesting result brought from our study was that using
oocytes from prepubertal goat did not influence direattyhe parthenogenetic actieat
embryo development. Moreoven this study was observed that prepubertal oocytes
irrespective of their follicle size origin represented optimal embryo development. Our
results showed that using prepubertal oocytes was capalolmplete meiotic maturation

and get a cleavage average rate of 90% demonstrating that the development of these
oocytes were equivalent or better than adult oocytes and the parthenogenetic activation
with ionomycin associated sequentially with 6-dimethylaminopuf@BMAP) was a
method considered similér FIV for the development of blastocysts (Susko-Paetst.

1994; Rhoet al, 1998; Ongeret al., 2000; Ongeret al, 2001; Lanret al., 2005).In
common, assisted reproductive technologies (ART) have been used mainly f@soocyt
from adults females that represent normal reproductiveltagemplicated that female
fertility get better with increasing age until reach the sexual maturation which include
normality of hypothalamic-pituitary-gonadal axis. Armstrong (2001) demonsirates

review that the age of oocyte donisr a limiting factor influencing development
competence of the oocytkt.canbe involved with meiotic incompetence or inabiliity
complete meiotic maturation that resuhisoocytes impossible of fertilization, meiosis
errors thatanbefertilized but occurs genetic abnormalities that affect embryo viability
and cytoplasmic incomplete developmental. Although these results and studies using IVF
with oocyte of adult females and our be of oocytes from prepubertal goats and
parthenogenetic activated this was not considered distinct when compared with the rates
in the production of embryas vitro.

Our results demonstrated that prepubertal oocigepossibleto be activatedby
parthenogenetic activati@samodel of studyto embryonic research but using melatonin

as a antioxidant provider fom vitro culture medium this did not happen. Adding
melatonin (1¢ M) on in vitro maturation medium did not interfere directty the
cleavage rate, nam production of total blastocysts. Although, (Pagdial., 2007)jn their

study, adopted another concentration of melatonirt {2)) they did not find also a direct

effect of melatonin on embryo cleavage rate.
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Otherwisejt was observeuh ours study that using melatonin ionvitro culture medium

has a negative effect on parthenogenetic embryo growing, diminishing number of total
blastocyst, expanded and hatched blastocysts. Diffetterdgtyers studiegs(Tianetal.,

2010) working with mouse two-cell embryonic, their work had addition of
concentration of melatonin from 1o 10° M in the culture medium and consequently,
they gotanincreasen the rates of blastocyst formation, hatching/hatched blastocysts and
blastomere number per blastocyst. (Takaheisdli, 2002) had the same results than (Tian
et al., 2010)in relation to increase the rate of blastocysy supplementing with
antioxidant 3-mercaptoethanolthe culture mediurm bovine IVF embryos.

(Papisetal., 2007) suggested that melatonin administered for a short pesdaysof
treatmentjt canbeableto reverse possible toxic effects correlatetdigh oxygen levels.
Similarly, (Lim et al., 1999) using [3-mercaptoethanol also obtained a decrease the
blastocyst rate under low (5%) oxygen tensiorthe culture. Probablyn the current
study happened exactthe same negative effect like both studies cited above. For a
longer period than IVM1 day), IVC(5 days)cancontributeto elevate a consumption of
oxygenby the embryos and then causiagtoxic effect. Even, existing a function of
antioxidant for botlsubstances, melatonin and R3-mercaptoethanol.

Melatoninis considere@nefficient and powerful protective against oxidative dantage
havean ability to remove hydroxyl radicals and a@ssubstrates and electron transfer
mediators and reactions of freselicals (Poeggelest al., 1993; Reiteetal., 1994). This
property makegt anoxidative antagonish vitro and pharmacological conditions which
contributesto the physiological protection cells (Hardeland and Pandi-Perumal, 2005).
Other melatonin actionss antioxidant protection, adds o regulate other antioxidant
enzymes.It is capable of stimulating glutathione peroxidase (GPa), enzyme
responsible for reducing hydrogen peroxide and lipids which decreases oxidative tissue
damage (Arthur, 2001). Unfortunately, all those features for melatonin were not
applicablein this present studyit reinforcesto ourselves the idea thitis necessaryo
increase knowledge about the correct dose of melatonin appleadture medigo be
usefulto the growth of cells animals vitro. In spite of 1M be a low concentraticior

some studiest not means thas for others. Adding melatoniim the culture mediurof
different species with different concentrations;aninfluence a different answar the
embryo development of different specie. Emphasizing this esfRbdriguez-Osoriet

al., 2007), they suggested that melatdnithe culture medium could have depleted or
dueto the fact that the concentration employed have been too low that was ntit able

protect the embryo against free radicals. This event could activate anti-aptipitg ac
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and contributeto decreasing the total blastocyst rate. Occasionally, which may have
occurred to the low rate of blastocysts formed during IVC was the melatonin
concentration adopted this study. This concentration may have been high for embryo
development, causing a toxic effect on these cells, mgusil injury and reducing the
blastocyst formation rateas in high concentrations (10M), the melatonin retards
embryo development (Tiaet al., 2010; Wanget al., 2014), increase apoptosis, stop
progression fronG1to S phase (Chaetal., 2008) and inhibit cell divisioBiiyiikavci
etal., 2006). Usually, the addition of any antioxidawotthe culture mediuns specially

to decrease apoptosisembryo growing and prevent oxidant damage €tial., 2003).

As (Reiteretal., 2009) considerad their researcht is not possible conclude wether the
melatoninis a physiologically applicablartioxidant. To confirm this functionijt would

be necessario measure whether thei® enough melatonin molecules within the cells
able to act directly in other free radical scavengers. Becaitsdunctional roleas a
molecular antioxidanis effective oy under extreme conditions the production of free
radicals producets overly (Reiteretal., 2008).

The reason for choosing the melatonin concentratioctML@as dueto recommendation

of other studies which obtained from the melatahianti-oxidative functiorasan free
radical scavenging potency and anti-apoptotic ability (Rodriguez-Osbab, 2007).
The same reason was chobgrthis concentration of melatonin be clasghysiological
levels of the some speciess human (Adriaengt al., 2006) and rabbit (Mehaisen and
Saeed, 2015). (Tiaet al., 2010) also confirm some benefit timevitro embryonic
development from two-cell mouse embryos making addition of melaadmad® M in the
culture medium. (Shet al., 2009) supplemented melatonin into both IVM and IVC
medium and obtained increasethe cleavage and blastocysts of porcine rates. Their
suggestion was supplement melatomin the both progress of IVM and embryo
development, instead of adding melatomnVM medium orin IVC. It was the first
successful report that recommended the use of meldtottie entire progress.
(Hardelandet al., 1993) concludedn their study that melatonin had a powerful
pharmacologically action with unique properties sashon-toxicity, effectively radical
scavenger and protector of neurodegeneration against mutagenic and carcinogenic action
of hydroxyl radicals. The same conclusion reporbgd(Reiter et al., 1994), which
pharmacologically found that melatonsirelevant, andt is apparentlyof low toxicity,
considering the ease of melatotorbe absorbeby cells. (Jahnketal., 1999) evaluated

the maternal and developmental toxicity of melatonin administered exogenous (0, 50,
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100, or 200 mg/kg/daydo the rats and concluded that the melatonin did not affect
embryo/fetal growth, viability, or morphological development.

In the last part of the present study, early blastocysts treated with melatonin weas used
an attemptto cryopreserve goats embryos allowing better storage of vitrified cells. The
method used still contribute positivetp the oocytes and alsm embryo survival
(Mermillod etal., 2008)To our studyjt was not represented. Our survival rate was lower
than otheras(Hochietal., 2004)n rabbit, (Hongetal., 2007)n goat, (Mermillodetal.,
2008)in human/bovine, (Abdallatal., 2010)n bovine, (Wuetal., 2016)in porcine.
Considering the results of our study that the treatments A and C represented higher
blastocyst rateif was expectetb these a higher survival rate pos-warming. However,
some factors may affect the process of cryopreservatiembryos of domestic animals

by directly changing the physiological and morphological characteristics of those cells.
The stageof embryonic development becomes a critical factor for the success of
cryopreservation of embryos. Including embryos of sheep, cow and pigs are more
sensitiveat early stages of development compared with thatsadvantage stages.
However,in ovine, the pregnancy amdrbryo survival rates showed similar for different
stagesasmorale and blastocysts (Gibbaetsal., 2011).

On the other hand, Gibboret al. (2011) did not find the pregnancy rate for vitrified
/thawed morulaén the goat, but got a high raté pregnancy and embryo survival for
blastocysts vitrified / thawedkt that means the rate of embryo survival tetedscrease
asprogressing stages of development, since mdaouldastocyst (Garcia-Garcet al.,
2006).1t becomes more difficulto cryopreserve embryas the morula stage because
there was more intrinsic sensitivity of morutadreezing (Massip, 2001), fewer number

and the bigger size of cells (Széll and Shelton, 1986), appears limited the link of
intercellular features (Ziomek and Johnson, 1980), and the permeability of cryoprotectant
could be lowein these early stages (Mazetral., 1976).

Accordingto (Li etal., 2012), one of the important parametersave a great result for
vitrified embryos is the age of the embryos subjectéd cryopreservation.To
parthenogenetic porcine embryos, the bestto vitrification is the day 4 post activation.

Days 5 and 6 after activation, the results for survival and expansion rates were reduced
significantly. Following the results of these researchers, the present study also could show
us that the age of the embryiesmportant and predominaat thetime of choosing for
vitrified. Day 8 post activation proposedour study was beyond the (¢ial., 2012) and

confirm with (Haslertal., 1995)jf the development of the embryos become del&yed
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reach the Day 8 oat most a Day 9 of culture, these are considered poor quality and
whateveriits utility will be affected.

For these reasonsye had not sufficient numbers of embryos post devitrification
conclude whether or not melatonin improved the survival rate of vitrified embryos. This
work supports the idea of others researchers that the age of enslarywsciaffactor for

the establishment of the vitrification method. The metbbddooling become cells
membrane more vulnerabte damage dud¢o exchangeof cryoprotectant and water
between the intracellular and extracellular medium. And the methtbdwing resultin
osmotic stress (Nedambad¢ al., 2006).It was expected that melatonin could protect
embryos development against the elevated levels of ROS inducqutocess of
vitrification. ROS productioris involvedin developmental arrests, fragmented embryos
andasa result of programmed cell death (Jurisiceval., 1996; Yangetal., 1998).

The detoxification effect with melatonin could &eimportant factoin embryo survival

post vitrification. Several studies have been successfully appligetermine the effect

of melatoninin embryonic samples using vitrification (Gabal., 2012; Succet al.,
2014).

5. Conclusion

The results of this study present that supplemental melatonin during IVM do not improve
the oocyte maturation, neither the development of parthenogenetic eibtiie.same
occurs during IVC when adding melatomirnthe culture medium. The melatonin did not
improve the embryo cleavage and blastocyst formation réttesas the opposite,
supplementation of melatoniim the culture medium impaired the development of
parthenogenetic embryos. The effect of melataniparthenogenetic embryos using
vitrification method was not possible measured ttuéow number of lives samples

acquired after post thawed.
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CAPITULO 2 - MELATONIN IMPROVES  IN VITRO FERTILIZATION BUT DOES
THE DEVELOPMENT OF PREPUBERTAL GOAT EMBRYOS
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Abstract

This study evaluates the effamt melatoninat concentratiorof 10° M in thein vitro
maturation mediunm development and embryo quality of pre-pubertal goats ooagtes
well evaluates the efficacy and selectivity of supplemental melatorirMLih thein

vitro cultivation in embryonic development and quality of prepubertal goats oocytes.
Oocytes were recovered from slaughterhoitseiere maturedWe used two types of

IVM media: (i) basic medium supplemented withyfdmL follicle stimulating hormone
(FSH), 10pg/mL LH, 1 ug/mL and 17B-oestradiol (conventional IVM medium, CM);

(ii) basic medium supplemented with §@/mL follicle stimulating hormone (FSH)0

pg/mL LH, 1 pg/mL, 17 B-oestradiol (conventional IVM medium, CM) and melatonin
(10° M). After IVM, oocytes were inseminated with fresh semen, after capacitated semen
and thusit cultivated.At 17 h post insemination, a sample of assumed embryos was
performed acetic orcein staining technigiée also used two types of culture medium:

(i) base medium supplemented with 10% fetal cow serum (FCS); (ii) base medium
supplemented with 10% fetal cow serum (FCS) and melatoniti N0 After cultured

for 8 days,the blastocysts quality was assessed. The results obtamngus study
indicated that using 1M of melatoninin the IVM medium presented higher fertilization
rate (34.57% vs. 17.39%, p<0.05) and better oocytes development. However, did not
present better results for cleavage and blastocyst hatesnclusion, the addition of 10

® M of melatoninto the maturation medium enhances fertilization but do not improve
embryo development from prepubertal goat oocytes.

Key words: goats, melatonin, blastocyst, fresh semen, prepubertal
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1. Introduction

The goat productiors presenting a global growth cycle. Brazil, this production has
been attractivéo new consumers, mainig the form of liquidmilk and cheese (Fonseca
etal., 2005). Historically, the Northeastthe most traditional and where has the largest
herd of goatsn Brazil. On the other handt is in the Southeast, where thesencreased
production of goat milk, 21% of the total produdedhe country, and where thagean
intensive production system and has a herd of high gesdzation (Borges, 2003).

Given this fact, the spread of genetic matesfdbreeds specialized animadsa crucial

factor for the better usef the goat production. Tha vitro embryo production (IVPis

a biotechnology applietb animal productiorin order to not only get embryos from
selected animal models genetically or those whoaaresk of extinction, but alsto
produce themn laboratoriesn commercial scale. This productiaan be regardecs
functional by the alternative usetb avoid premature disposaf high genetic value
females. The PINs based on three essential and continuous factors: maturation of oocytes
collected from donors; fertilization of these matured oocytes with capacitated sperm and
cultivation from these embryos produdétithe blastocyst stage (Paramio, 2010).
Obtaining a competent oocyte aliebe ovulated and fertilized depends on two key
factors: nuclear maturation and cytoplasmic maturation. The normal development of
oocytesis characterizedy extrusion of the first polar body (GVBD germinal vesicle
breakdown), with the restoration of meiosis, the chromosomes progress from metaphase
| to telophasé, completing the first meiotic division. Thesgthe second meiotic division,
quick start after the first meiotic division, with the emergence of the odcytee
metaphasd stage for subsequent ovulation (CHA & CHIAN, 1998).

In vitro fertilizationis a detailed procedure thtat get a satisfactory results neddse
faithful to the protocols proposeth oocyte maturation, sperm selection, sperm
capacitation and medium selectiémgoats, using fresh semen are often adopted ¢Cox

al., 1994; Keskintepet al., 1994; Crozeg¢t al, 1995; Mogagt al, 1997; Izquierdet al,

1998;. Anguitaet al., 2007, Romagueret al, 2011). As for frozen semen are nas
common (Keskintepetal, 1998; Rhetal., 2001; Bormanetal., 2003 De Souzeetal.,

2013).

Thein vitro cultureis the last event for the production of embryogsitro. It is in this
post-fertilization culture period where thasethe greatest impact on the quality of the
produced blastocysts (Rizesal., 2002). There are several events that meedcur for

the optimal development of the embryo, such as: first division of cleavage, the activation
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embryonic genome, compaction of the morula and blastocyst formation (Watson, 1992).
An important factor for the embryto developis relatedto energy support that embryos
needn their growth. The use of amino acidghese media, allowed the best development
of embryos. Thiss dueto the antioxidant action. Thus,decreases oxidative stress and
cause less fragmentation caused dplt=ulturein vitro embryos (Bavister, 1995).

Melatonin (N-acetyl-5-methoxytryptamine) knowas the main hormone of the pineal
gland, and responsible for the circadian rhythm, has this feature that imakgeeat
choiceto be addedh a culture mediumit is considered efficient and powerful protective
against oxidative damage and has the capability of eliminating hydroxyl radicals
producedn the mediumit actsassubstrates and electron transfer mediators and reactions
of free radicals (Poeggelet al., 1993; Reiteet al., 1994). This property makésan
oxidative antagonisin vitro and pharmacological conditions which contributeshe
physiological protection cells (Hardeland & Pandi-Perumal, 2005).

Therefore, melatonirs capable of promoting the maturation of oocytes and developing
embryosof various species, such as: rats, mice, sheep, and pigs (&baicia002; Papis

etd, 2007; Rodriguez-Osoriet al, 2007; Shetal .; 2009; Tiaretal, 2010). Ishizukat

al. (2000) found that melatonin concentration ranging frorfitdaL0® M promoted the
development of early embryos mice. Tietral. (2010) using &M melatoninin mice
culture medium, got improvemeint blastocyst rate, the hatched blastocyst rate and the
number of blastocyst cellfn cloned embryos of porcine incubated with melatatia
concentration of 1M and 10*?have also improveih their developmenfPanget al.,
2007).

This study looks forwardo increase the efficiency oh vitro production of embryos
derived from pre-pubertal goats oocytes. The proposed objectives are: (i) evaluate the
efficacy of supplemental melatonin 20M in the in vitro maturation mediunin
development and embryo qualiy pre-pubertal goats oocytes, (ii) evaluate the efficacy
of supplemental melatonin 2aM in thein vitro cultivationin embryonic development

and quality of pre-pubertal goats oocytes.

2. Material and Methods

2.1. Reagents

All chemical reagents used processing media were purchased from Sigma Chemical
Co. (St. Louis, MO, USA).
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2.2. Oocytes collectionits classification and IVM

The ovaries were obtained from prepubertal ga®&smonths)f Gremial Cataluny&L
slaughterhouse, locatedCastelbisball, Barcelona - Spain. After collection, these ovaries
were maintaineat 38 ° Cin PBS, storedh thermos bottleto be submittedo the Small
Animal Reproduction Laboratory of Veterinary School, UAB, for a period of two hours.
The samples were washed PBS in duplicates and maintaineat 38 ° Cto be
subsequently realized the slicing technique. The selection of oocytes for IVM was a
priority for the choice of cumulus-oocyte complex (COC), collecting those with compact
cumulus with intact and homogeneous cytoplasm, establisphé¢ide UAB laboratory,
accordingo their diameters. The COCs were washed on washing plates containing three
drops of maturation medin. Groups of 25-30 COCs were made and placed into 100 uL
drops of IVM medium covered with mineral oil and incubatgB °C, 5% COz in humid

air. Basal medium for maturation was TCM-100 supplemented witlu@ 7%l sodium
pyruvate, 146.g / ml L-glutamine, 50 Ml gentamycin, 10%v / v) donor bovine serum
(Cansera; Sucker, Canada) and 100 uM Cysteamine. There were dftypatsiration
medium used: (i) base medium supplemented wiilgIfL follicle stimulating hormone
(FSH), 10pg/mL LH, 1 ug/mL and 17p-oestradiol (conventional IVM medium, CM);

(i) base medium supplemented with i§/mL follicle stimulating hormone (FSH), 10
png/mL LH, 1 pg/mL, 17 B-oestradiol (conventional IVM medium, CM) and LM
melatonin(M-5250, Sigma, St. Louis, MO, USA).

2.3.In vitro fertilization (IVF)

Sperm capacitation.

It was used the ejaculates of two male adult Murciano-Granadina goavsded of
optimal fertility collectedby artificial vagina and transported the laboratoryat 37 ° C
for a period of 10 min. The appearance, motility and sperm vigor were evaluatath
ejaculated. The ejaculates from two adults males were paovolequals partso get a
volume of 1ml. The mobile sperm fraction was acquitedPercoll density gradient for
the separation of semen sperm fresh goat, accoraliRgrrishet al. (1995. An isotonic
Percoll® solution 90% was preparbyg adding 10ml to the medium 10 sp-TALP 90
mL de Percoll® and supplemented withrf@B NaCl, 3.1mM KCI, 0.29mM NaHPO4,
1.97 mM CaCp, 0.39 mM MgCl,, 10 MM HEPES, 26mM lactic acid and 25mM
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NaHCQ. Percoll® 90% andgpTALP Medium (1: 1, v / v)is mixture to prepare a
solution of Percoll® 45%. The Percoll® density gradiemadeby layering 2ml of 45%

of Percoll® solution and &L of 90% Percoll® solutiom a 15mL tube FALCON® At

the top of the gradient deposited 20Qul of fresh semen and then the tubes were
centrifugedat 300G x for 25 min. The pellé$ resuspended with dl of spTALP and
centrifugedat 300G x for 5 min. The sperm pellet formed was resuspend2@O ul of
sp-TALP and resuspendead a 1: 1 with mDM containing heparin (Sigma, USA) and
incubated for 3@nin in humidity and air atmosphere (526,) at 38.5° C.

IVF.

After IVM, 25-30 oocytes were transferred onto plates containing microdroplets of 100
ul of media modified Tyrodes (TALP), describby Parishet al. (1996), supplemented
with 1 ug/ml of Hipotaurina (Sigma, USA) covered with mineral oil. Oocytes were
cultured with capacitated spermatozivaa final concentration of 4 x §0mobile
spermatozoarhl, 38.5 °C, 5% COz in humid air according Romanguestal. (2010).
Evaluation of oocytes.

At 17 hours post-insemination (pi), oocytes were waghezimove died cells, sperm and
capacitation medidt were taken between 10 and 15 assumed zytotes performed
the assessment of nuclear maturation stage, using the acetic orcein staining technique.
The cumulus cells were removed from oocyigsortex and oocytes were washed three
timesin PBS.Oocytes were fixeih 3: 1 (ethanol: acetic acid, v/v) for 24h, @° The
oocytes were put on microscope slides with vaseline, cowsredglass coverslip and
stained with 1% aceto-orcein stain. The stage of nuclear maturation adsepbede-
contrast microscopy (magnification, x40).
The classification of oocytes after IVF was adoptedccordance with these groups:
a) Asyncrony: Head of condensed sperm and female pronucleus uisibée
cytoplasm
b) Monospermy : two pronuclei (male and female ) and a sperm tail visible
in the cytoplasm
c) Polyspermy : more than two condensed tails or heads of sperm
decondensenh the cytoplasm
d) Unfertilized : no sperm pronuclei and no failthe cytoplasm

60



2.4.1n vitro embryo culture (IVC)

At 24 h post-insemination, presumptive zygotes were waslwderto remove cumulus

cells, sperm cells and sperm. Groopd 8-25 embryos of similar diameters were placed

in microdrops of 1QuL of SOF (Synthetic oviductal fluid medium), Takahashi & First
(1992) supplemented with 10% fetal cow serum (FCS) covered with mineral oilamder
atmosphere humidifieét 5% CO,, 5% & and 90% N for 8 days.At 48 h after
insemination, the cleavage rate was assessed. The rate of total embryos, morula and
blastocyst were measured.

2.5. Experimental design

Effectiveness of melatonin addedthe maturation medium during IVM aiitg effect on
embryo development of oocytes goat prepubeitadnalyzed the effect of adding the
hormone melatoninn base medium used for oocyte maturatiorassess embryonic
development. The effect of the concentration of melatanif0® M addedin VM
medium on nuclear maturation was evaluatetieavage rate, blastocyst embryo quality
compared with a control group without melatonin. TT@Cswere selected and added
into two treatment groups: (i) IVM medium without melatonin; (i) IVM medium with
melatoninat 10° M. After IVM , COCs were fertilized and the cleavage and blastocyst
rate were observed on day 2 , 7 ai®l §ost - inseminationOn day 9PI the blastocysts

were fixed and staingd determine the total number of cells.

Effectiveness of melatonin medium during the IVC @&aeffect on embryo development
of oocytes goat prepubertalo analyze the effect of melatonim embryonic
developmentit were used 15-20 zygotes of two cells derived from the treaim&ri.
The cultured were selected and maintaimeitheir respective grougsand ii), and then,
the group (i) was separated into two groups: (a) IVC with melat@r@° M and (b)
IVC without melatonin. After the IVC, the cells were observed on day 2, 7 Bh(p8st

- insemination).

Effectiveness of melatonin addé&d the culture medium during IVM and IVC ariis
effects on the embryo development of oocytes goat prepubBotahalyze the effecif
melatoninin the IVM medium andh the IVC mediumit were dividedn four treatments:

(1) Treatmen®: IVM medium without melatonin and IVC medium without melatonin;
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(2) TreatmentB: IVM medium without melatonin and IVC medium added with
melatonin; (3) Treatmen€: IVM medium added with melatonin and IVC medium
without melatonin; and (4) TreatmeBt melatonin addedh IVM medium and IVC
medium. The totabocytes collected after slicing technique were divideal half and put

them onin two plates, one plate with maturation medium without melatonin added, and
other one with melatonin added. All those oocytes after matured, they were fertilized and
those oocytes were divided edyah other two culture plates. One platelVC medium
without melatonin and other one, IVC medium with melatonin added. After 24h post-
fertilizated,it wascalculated the cleavage rate. After eight days post fertilizéteehs

calculated the blastocyst rate.

2.6. Statistics

For data analyses the statistical analysis system was used (SAS 2002). Peroétitages
one and two pro-nucleus, polyspermy, asymmetry, metaphase-l and Il, and anaphase-
telophase, were submitted logistic regression (Logistic procedure). Significant level
adopted was 5%. Percentages of the cleavage, total blastocyst, early, expdoded, ha
and expanding blastocyst were submitteldgistic regression (Logistic procedure) using
total of oocytes and total of cleavagstrials. When n < 20, the association test of
Freeman-Halton was used. Comparisons were performed using the Chi square test.

Significant differences were adoptaslP<0.05.

3. Results

Experiment 1Effectiveness of melatonin addedthe maturation medium during IVM
andits effect on embryo development of oocytes goat prepubertal.

The evaluation of oocyte nuclear maturation stage are shiowieable 1. After 17 h of
maturation, presumptives zygotes were staimedrcein and the classification of those
were determinedin accordance with oocyte penetrateg sperm (monospermy,
polyspermy and asymmetry) and no penetrated (Female Pro-nucleus, MignaMl).

The penetration rate of oocytes matured with melatonin addie VM medium was
bigger than those matured without melatanithe maturation medium (53.09 % vs 31.88
%). About that rate|n Table 1canbe observed that group Melatonin presented more
percentagef monospermy than Control (34.57 % vs. 17%9p < 0.05) but others

parameteasPolispermy and Asymmetry did not show difference between these Groups.
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The No-Penetrated rate of Group Control and Melatonin did not present difference.
However,in Group Controcanbe seen more percentage of oocyteslll than Group
Melatonin (52.17 % vs. 32.1%, p < 0.05). Others parameteas Female pro-nucleus,

MIl, Anaphase-Telophase | and Metaphase | did not present statistical difference between
Control and Melatonin Group. Table 2 showsiitro fertilization rate between Control

and Melatonin Groudt means that Melatonin Group presents more oocytes fertilized

a spermatozoon than Control Grofjp< 0.05). Howeverin both Groups Unfertilized
oocytes were bigger than fertilized oocytéable 2 shows also cleavage rate and embryo
developmento blastocyst stage of pre-pubertal goat oociyteslationto add melatonin
atconcentratiomf 10°M on conventional medium, accorditgnumber of total oocytes.

As cleavage ratasblastocyst rate did not present different between those two groups,
Control and Melatonin. Table 3 shows embryo developritebtastocyst stagef pre-
pubertal goat oocytesn relation to add a concentration of melatonin ®1® on
conventional maturation medium, batthis is accordingto cleavage rate. There were
statistical differenceto percentageof blastocyst, Melatonin group presented more
percentage than group control (66.67 % vs. 3P0 However, hatched, early and
expanding blastocysts did not show differences between control group and melatonin.
Experiment 2Effectiveness of melatonin medium during the IVC @geéffect on embryo
development of oocytes goat prepubertal.

Adding melatonin (18M) on culture medium did not improve cleavage rate, nor embryo
developmento blastocyst stagef pre-pubertal goat oocyt@srelationto a conventional
culture medim, asshowed on Table 2. The culture medium was supplemented with 10

M melatonin concentration, and the results from seven replicates for this group were
recorded.No significant differencen the cleavage ratm the presence or absenak
melatonin was seen accorditggnumber of total oocytg® > 0.05). Even comparing
number of cleavage relationto embryo developmenmd blastocyst stagé, did not show

an improvement using melatonin (181) on culture medium.

Experiment 3. Effectiveness of melatonin addethe culture medium during IVM and

IVC andits effects on the embryo development of oocytes goat prepubertal.

Table 4is about the effect of melatonin (1) in the maturation medium and culture
medium on prepubertal goats embryo development according number of total oocytes.
All Treatments (AB, C andD) did not present statistical differenecleavage rate (8.59

%, 13.94%, 7.98 % and 5.6%0, respectively)ln the case of total blastocyst, expanded,
hatched, early and expanding blastocysts for all Treatment presented the close percentage

and thusit did not have significant difference. Tables3he effect of melatonin (10M)
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in the maturation medium and culture medium on prepubertal goats embryo development
accordingo cleavage rate. The total blastocyst, expanded, hatched, early and expanding
blastocysts for all Treatment (B, C andD) presented the close percentage and thus,

did not have significant difference also.

Table 1. The evaluation of oocyte nuclear maturation stage after 17 h of maturation
IVM medium with and without melatonin added. Presumptive zygotes were stained

orcein, and the classification of those were determinedccordance with oocyte

penetratedby sperm.
Parameters Group
Control Melatonin

N 69 81

Penetrated (%) 31.8¢ 53.09
Monospermy(%) 17.39° 34.572
Polispermy (%) 10.142 8.642
Asymmetry(%) 4.352 9.88?2

No-Penetrated (%) 68.12 46.922
Female Pro-Nucleu®b) 7.252 4,942
Metaphasél (%) 52.172 32.10°
Anaphase-Telo (%) 5.80? 7.412
Metaphase (%) 2.90 2.472

Within a row different letters indicate significan¢@ < 0.05). Seven repetitions were made dach
treatmentN: numberof total oocytes.
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Table 2. Effect of melatonin (18 M) in the maturation medium on the embryo
development according number of total oocytes.

Parameters Group
Control Melatonin
"Oocytes () 363 390
Cleavage (%) 11.02 6.92
Blastocyst (%) 4.13 4.62
Expanded%o) 0.55 1.03
Hatched (%) 0.28 0.00
Early blastocys{%) 3.31 3.59

P >0.05; Seven repetitions were madegachTreatmentn: numberof total oocytes; By Fishets exact
test.

Table 3.Effect of melatonin (1®M) in the maturation medium on the pre-pubertal goats
embryo development accorditmcleavage.

Parameters Group
Control Melatonin
| Cleavage (n) 40 27
Blastocyst (%) 37.50° 66.67%
Expanded%o) 5.00% 14.812
Hatched (%) 2.50? 0.00?2
Early blastocys(%) 30.00? 51.85%

Within row different letters indicate significand® < 0.05); Seven repetitions were made éarch
Treatmentn: numberof total cleavage’ By Fishers exact test.
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Table 4. Effect of melatonin (18 M) in the maturation medium and the culture medium

on pre-pubertal goats embryo development accortdingmber of total oocytes.

Treatments
Parameters
A B C D

Oocytes (n) 198 165 213 177
Cleavage (%) 8.59 13.94 7.98 5.65
Total Blastocyst (%) 4.55 3.64 5.16 3.95
Expanded%o) 0.00 1.21 1.41 0.56
Hatched (%) 0.51 0.00 0.00 0.00
Early (%) 4.04 2.42 3.76 3.39

Within a row different letters indicate significan¢® < 0.05)." Significant associatioiP < 0.05) by
Freeman-Halton test. Four repetitions were madedohTreatmentn: numberof total oocytes. Treatment
A: IVM medium without melatonin and IVC medium without melatoninedmentB: IVM medium
without melatonin and IVC medium added with melatonin; Treatn@&ntVM medium added with
melatonin and IVC medium without melatonin; and Treatniznmelatonin addeth IVM medium and

IVC medium.
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Table 5. Effect of melatonin (18 M) in the maturation medium and culture medium on

pre-pubertal goats embryo development accorthmgimber of cleavage.

Treatments
Parameters

A B C D

Cleavage (n) 17 23 17 10
Total Blastocyst (%) 52.94 26.09 64.71 70.00
Expanded%o) 0.00 8.70 17.65 10.00
Hatched (%) 5.88 0.00 0.00 0.00
Early (%) 47.06 17.39 47.06 60.00

P > 0.05; Seven repetitions were madecfachTreatmentn: numberof total cleavage.

4. Discussion

The results of this study demonstrated that melatonin added IVM medium increase
synchronous pronuclear formation and enhance the penetration rate between oocyte -
spermatozoon, IVF and tirevitro development of prepubertal goat oocytes (Table 1 and
2). In the preliminary studies, there was the supplementation of melatonin during
maturation and/or embryo culture. The oocytes treated with melabonihe VM
medium improve male pronucleus (MPN) formation and enhance both nuclear and
cytoplasmic maturationAs alsoit was foundby (Kanget al., 2009)in porcine oocyte
media included with and without melatonin. Their results showed similarity with our
resultsby the greater proportion of MIl oocytes the melatonin treatment but none
influencein cleavage and blastocyst ratdssuggest that melatonin supplementaiion

vitro is correlatedto reductionin oxidative stress and improved oocyte maturation.
Although, in our study,it was not made any oxidative analysis, (Tameiral., 2012)
exposed oocytes from immature mit@ H2O. with differences concentrations of
melatonin and they found a bigger numbémature oocytes associateincreasing
amount of melatonin. (Shet al., 2009) also confirm that melatonin promotes the
maturation of oocytesr mouse and improvess in vitro fertilization. (Ishizukaet al.,

2000) conclude that naturally melatons found in the follicular fluid of various
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mammals, thusit may have a physiological rola the fertilization and early embryo
development.

In the present study, the formation of both male and female pronuclei within 17 h from
the beginningpf insemination significantly was high& melatonin group than control
group. It corroboratedo (Ishizukaet al., 2000) and (Shet al., 2009) that melatonin
improvein vitro fertilization. Besides, melatonin may stimulate and support fertilization
throughits ROS scavenging action (Ishizukgaal., 2000). Accordindo (Reiteret al.,
2009), the principal function of melatormmnit metabolitess that could protect the male
sperm from oxidative damage and other free radinahuman spermatozoa, thasea
series of cellxgpable of generating ROS, especially when they are incubated under
aerobic conditions. This production of ROS/ spermis considered a normal
physiological process, because are nedderhpacitation, hyperactivation, acrossome
reaction and fertilization, but when output exceeds the basglbecomesnassociation

with infertility in males. Consequently with exceed of ROS, the spermrhalsnormal
flagella movement, lossf motility, diminished capacity for sperm-oocyte fusion and loss
of fertility (Mortimer etal., 1986; Sharma and Agarwal, 1996).

ROS:is also relatedsthe main agentf the lipid peroxidation of fatty acids unsaturated

of human sperm plasma membrane. This peroxidasieame of the responsible for the
abnormal acrosome reaction and penetration of the oocyte. Probably this phenamenon
the membrane causes a fluidity changing the link key/enzyme and the ionic channels
(Kothari et al., 2010; Sikkaet al., 1995) DNA damages also associated with decrease

in vitro fertilization rates and early embryo death. This occurs because the oxidative stress
inducedDNA fragmentation, such as: oxidation of bases, strand breaks, cross-linking,
deletions, frame shifts and rearrangement of chromosomes (Aitken and Krausz, 2001,
Sikka et al., 1995). This process accelerates germ cell apoptosis declining the sperm
counts (Agarwaektal., 2003; Kotharetal., 2010)In relationto apoptosis, ROS could be

a stimuludo activate the mitochondria release the signaling molecule cytochrom. This
oneis responsibl¢o initiate a cascade of event that involve sperm apoptosis (Agatwal
al., 2008; Agarwaétal., 2004). Wheiit is about assisted reproductive techniques, which
require methods of manipulation of gametes saslcentrifugation and prolonged
incubation, inevitably, these cells are exposeddditional oxidative stress, makitig
necessaryo usean exogenous protection (Agarwetial., 2004; Taylor, 2001).
Biochemically, theras alsoin embryos of domestic mammals high concentrations of
lipids, it become a source of energy during fertilizationeaily embryonic development,

but make those embryos more susceptiblehe negative effects of oxidative stress
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mainly duringin vitro culture (Sturmeyet al., 2009).In these conditions, thers
increased production of RAB the cultureby the embryonic cells leaving the medium
more susceptibl® oxidative stress conditions, makitdiarmfulto embryos. The ROS
interact with cellular lipid molecules belongtxcelular membrane, resultinig loss of
membrane integrity, structural or until functional when appears alterattbe chairof
proteins or damag® nucleic acids (Choet al., 2008; Tamurat al., 2012). When the
antioxidant activity diminished and consequently, increase ROS ievetsytes occurs

a problemin the development of embryoss apoptosis,DNA fragmentation and
embryonic arrest (Khaliét al., 2013; Kitagawaet al., 2004). Accordingo (Ali et al.,
2003),to haveanappropriate fusion between the oocyte and spermatsreaessarjo

be a small portion of concentration of RdShe mediunto have a successful IVF.

This interpretation may explain why adding melatonin on the goat oocytes culture have
promotedto the developing cellan essential factor thatanbe ableto eliminate some
factors which are prejudiciab their growth.. The role of antioxidaig one of the main
functions of this hormone (Marshait al., 1996; Reiteet al., 2005; Reiteet al., 2001,
Reiteret al., 1994). Melatonin has the capability of detoxifying highly reactive species
derived from oxygen and eliminate free radical or radical products, such as: hydroxyl
radicals, hydrogen peroxide, peroxyl radicals, singlet oxygen, nitric oxide, peroxynitrite
anion, lipid peroxyl radical (Reitatal., 2001; Vijayalaxmetal., 2004). Other function
relevant an@anbe relatedo increasef in vitro fertilizationin our studys that melatonin

can counteracts the 2-bromopropaf2eBP). It is involvedto induce apoptotic damage

by activate caspase 3 (Kothatial., 2010).

Although melatonin really have done their rakean antioxidant and improveith vitro
fertilization of our study, adding melatonin (4®1) on culture medium did not present a
better cleavage rate, neither embryo developiodniastocyst stage of pre-pubertal goat
oocytesin relationto a conventional culture medium. The results of our study showed
thatmdatonin had no significant effect on threvitro development of 2-4 cells embryos
recoveredat 20 h post-inseminatiort is in agreement with others authors who did not
find effects for melatonin om vitro development of mouse zygotes (McElhiretal.,
1996), bovine zygotes (Papatal., 2007; Takadatal., 2012; Tsantarliotoetal., 2007),
rabbit zygotes (Mehaisen and Saeed, 2015), porcine zygotes ¢éPahg2013). In
contrast, there were others authors that found some beneficial effects ionvitie
development of embryos of different species with some concentrations of melasnin,
(Ishizukaetal., 2000)n mice (1P and 16*M), (Rodriguez-Osorietal., 2007)n porcine

(10° M), (Manjunathaet al., 2009)in buffalo (10puM- 50 pM), (Shiet al., 2009)in
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porcine (1 M), (Tianetal., 2010)in mouse (18 -108M), (Asgarietal., 2012)in also
mouse (10 and 16 M), (Wanget al., 2013)in murine (10’ M), (Bahadoriet al., 2013)

in mice (10’ and 16 M), (Wanget al., 2014) in bovine (10! to 10° M). This implies

that for each species thasean optimal concentratiorit means, the effect of melatonin
during the growth and development of the embryo depends on the species and
concentration (Takadeat al., 2012).

The supplementation of culture medium with melat@tit0®M did not present enhance

on blastocyst ratdt corroboratedo (Takadaetal., 2012)In their studyjt was used the
same concentration of melatomirbovine and they did not find influenirevitro embryo
development. Who also did not show influences on the embryos development was (Papis
etal., 2007)jn bovine, using melatoniat concentration of 1®M. (Tsantarliotowet al.,
2007) alsan their work had no beneficial blastocysts development neither toxic effects

in bovine embryos, raging of concentrations fron? 104 M. To (Rodriguez-Osorio
etal., 2007) occurred the sammeblastocyst ratéo porcineat concentration of melatonin,
10'2to 10°M, probably because melatonin was impoverished a long of period of culture.
One reasonable explanation could be relabetthe level of melatonin concentratiam
growth mediumin orderto have the desired effect on the cells. The concentration used
was perhaps not abte effectively protect the embryos from free radicals produced
the culture medium (Rodriguez-Osostal., 2007).

There are many researchers using melatmimprove efficiencyin the development of
embryosin vitro of many speciesTo be, undoubtedly, a highly potent antioxidant,
adopting a concentration ranging front*#é 10* M there wasanincreased number of
blastocysts of mouse (Asgatial., 2012; Tiaretal., 2010), rabbit (Mehaisen and Saeed,
2015), bovine (Papistal., 2007; Wangtal., 2014), mice (Ishizuket al., 2000), murine
(Wangetal., 2013), porcine (Kanet al., 2009), buffalo (Manjunathet al., 2009).
Therefore, supplementation of embryogitro in culture medium containing melatonin
has a significant resulh the development and quality of embryos, espedialijedium

and low concentrations appeartbe more beneficial than high (Fernando and Rombauts,
2014). Howeverit would be usefulo clarify which concentration of melatonismore

effectivefor each stagef development of embryos of different species.
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5. Conclusion

Based on the results of our study, the indicated concentration of mel&ioruiture
systemcan be beneficial for the goat oocyite vitro maturation and matured oocyte

vitro fertilization.
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CONCLUSAO GERAL

A partir dos resultados desta tese de doutorado permitiu nos concluir que:

1. A adi¢do de melatonina a concentrad@d0® M emmeio de MIV ndo seria Gtil na
maturacdo dos oocitos de cabras pré-puberes e tampouco seria um antioxidante de
escolha para os blastocistos produzidostro;

2. A concentracdo de fOM de melatonina adicionadosm meio de cultura
apresentaram um c¢ergrau de toxicidade que prejudicaram o desenvolvimento de
embribes partonogenéticos;

3. Melatonina a 18 M suplementadam um meio de MIV foi benéfica para taxa de
penetracao oocito-espermatozoide durante a fertilizagatvo de oocitos de cabras
pré-puberes;

4. A concentracdde 10° M de melatonina adicionadeshnmeio de MIV e de CIV néo

resultou no melhoramento no desenvolvimentos dos blastocistos.
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