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RESUMO
Dissertacao de Mestrado
Programa de Pés-Graduacdo em Ciéncia Animal

Fundacéo Universidade Federal do Pampa

EFEITO DA TENSAO DE OXIGENIO E DA DENSIDADE OOCITQS NA
MATURACAO IN VITRO DE OOCITOS BOVINOS E A RELACAO
COM O ESTRESSE OXIDATIVO.

AUTOR: ANGELO BERTANI GIOTTO
ORIENTADOR: FABIO GALLAS LEIVAS
Uruguaiana-RS, 02 de agosto de 2013.

A maturacdo in vitro (MIV) é um dos pontos criticos da producdo in vitro de embrides
bovinos, sendo que varios fatores podem interferir na MIV, como a tensdo de oxigénio e a
densidade de o6citos por volume de meio. O objetivo deste estudo foi avaliar o efeito da
tensdo de oxigénio associada a diferentes densidades de o6citos durante a MIV. Para tanto,
trés experimentos foram conduzidos com odcitos bovinos obtidos de ovérios de abatedouro. O
experimento | consistiu na avaliagdo da maturacgdo citoplasmatica e nuclear, o experimento 11
na avaliacdo da producédo de espécies reativas de oxigénio (ROS) e atividade antioxidante, e 0
experimento |1l na avaliacdo das taxas de fecundacdo in vitro. ApOs a selecdo, os 00citos
foram submetidos a MIV distribuidos aleatoriamente em 4 tratamentos: Tratamento 1:10/5%:
1 oocito em 10pl de meio de MIV em 5% de O,; Tratamento 1:10/20%: 1 odcito em 10ul de
meio em 20% de O,; Tratamento 1:20/5%: 1 oocito em 20ul em 5% de O, e Tratamento
1:20/20%: 1 odcito em 20ul de meio em 20% de O,. A MIV foi conduzida em grupos de 15
odcitos em meio TCM 199 modificado, acrescido de FSH, LH, EGF, soro de égua em estro
(SEE) e piruvato por 24h. Decorrido o periodo de MIV foi conduzida a fecundagéo in vitro
em gotas de 300ul de meio Fert-TALP, sendo realizada pelo co-cultivo de odcitos e

espermatozdides (2x10°sptz/mL) selecionados por gradientes de mini-Percoll por 18h. No
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experimento |, as taxas de maturacdo nuclear (69,66%) e maturacdo citoplasmatica (71,55%)
foram similares entre os tratamentos (P>0,05). No experimento Il, a producdo de ROS foi
avaliada nos oocitos e no meio de MIV, assim como a atividade antioxidante foi avaliada apds
24 h de MIV. A producdo de ROS pelos odcitos foi superior nos tratamentos com baixa
tensdo de oxigénio (5%; 13,3UF) em relacdo a alta tensdo de oxigénio (20%; 7,0UF)
independentemente da densidade de odcitos (P<0,05). Os niveis de ROS detectados no meio
de MIV foram superiores nos tratamentos com alta densidade de odcitos (1:10)
independentemente da tensdo de oxigénio (P<0,05). A atividade da SOD (21,3Ul) e os niveis
de GSH (6,95 nmol GSH/mI) mensurados nos odcitos foram similares entre os tratamentos
(P>0,05). As taxas de fecundacao e penetracao foram superiores nos tratamentos com 20% de
O, e com alta densidade de odcitos (1:10; 48,8%) em relacdo aos tratamentos 1:10/5%
(29,5%) e 1:20/20% (29,1%; P<0,05). Adicionalmente a taxa de polispermia foi maior no
tratamento com alta tensdo de oxigénio e baixa densidade de odcitos. (1:20/20%; 27.8%) em
relagdo ao tratamento 1:10/20% (13,41%; P<0,05). Os resultados deste estudo mostram
interacdo entre a tensdo de oxigénio e a densidade de od6citos aumentando a producdo de ROS
em determinadas associacdes e influenciando posteriormente as taxas de fecundacao in vitro
de odcitos bovinos.

Palavras chave: Maturacdo in vitro; espécies reativas de oxigénio; tensdo de oxigénio;

densidade de odcitos; fecundacéo in vitro; bovinos.
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The in vitro maturation is one of the critical points on in vitro production of bovine
embryos so many factors can do an interference on IVM, like oxygen tension and oocyte
density by volume of medium. The aim of this study was evaluate the effects of association of
oxygen tension with different oocyte density during IVM Three experiments were performed
with bovine oocytes obtained from abattoir ovaries, on experiment | was performed the
nuclear and cytoplasmic evaluation, on the experiment Ill the biochemical assay of ROS
production and antioxidant activity and on experiment 111 was realized the evaluation of in
vitro fertilization. After selection, the oocytes were randomly distributed in 4 treatments:
Treatment 1:10/5%: 1:10ul in 5% of O,; Treatment 1:10/20%: 1:10ul in 20% of Oy;
Treatment 1:20/5%: 1:20ul in 5% of O,; Treatment 1:20/20%: 1:20ul in 20% of O,. The IVM
was performed in droplets (150ul or 300ul) of TCM 199 plus FSH, LH, EGF, EMS and
pyruvate. The IVF were performed in droplets (300ul) of Fert-TALP. Was realized IVF with
oocytes and spermatozoa (2x10°sptz/mL) selected by Percoll density gradients for 18h. On

experiment 1, the nuclear maturation rates (69.66%) and reorganization mitochondrial



(71.55%) rates were similar among treatments (P>0.05). In Experiment Il, the ROS
production in oocytes, IVM medium and antioxidant activity were evaluated after 24 h of
IVM. ROS production in oocytes was higher on treatments with low tension (5%; 13.3 UF)
than 20% oxygen tension (7.0 UF) independently of oocyte density (P<0.05). ROS levels on
IVM medium was higher on treatments with high oocyte density (1:10) independently of
oxygen tension (P<0.05). The GSH levels (6.95 nmol GSH/mI) and SOD activity (21.3Ul)
were similar among treatments (P>0.05). The rates of normal fertilization and normal
penetration were higher in treatments with 20% of O, with high oocyte density (1:10;48.8%)
than treatments 1:10/5% (29.5%) and 1:20/20% (29.1%; P<0.05). In addiction the polysperm
rates were higher on treatment with high oxygen tension and low oocyte density (1:20/20%;
27.8%) than treatment 1:10/20% (13.4%; P<0.05). The results of this study show an
interaction between oxygen tension and oocyte density, that increase ROS production on
certain associations and subsequently affects the IVF rates.

Key-words: In vitro maturation, ROS, oxygen tension, oocyte density, in vitro fertilization,

bovine.
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1. INTRODUCAO

A Producdo in vitro (PIV) de embrides bovinos teve um acelerado avanco nas
pesquisas apos 0 nascimento do primeiro terneiro produzido a partir de Fecundagéo in vitro
(FIV), em 1981 (Brackett et al., 1982). Atualmente a PIV é responsavel por 90% dos
embrides produzidos no Brasil, representando 58,7% dos embrides bovinos produzidos in
vitro no mundo (Viana, 2012). A utilizacdo da PIV de embriGes permite maximizar a
producdo da fémea, sendo possivel produzir maior nimero de produtos num determinado
periodo de tempo. Adicionalmente tornou-se possivel produzir embrifes de fémeas com
infertilidade adquirida e até mesmo de fémeas gestantes. A PIV também serve como base para
outras tecnologias da reproducdo assistida como a injecdo intracitoplasmatica de
espermatozéide (ICSI) e clonagem, além de ser uma importante ferramenta para estudos
basicos de entendimento dos processos e modificacbes que ocorrem durante a maturacéo de
odcitos, fecundacdo e desenvolvimento embrionario.

Embora a PIV possa ser considerada em grande parte uma técnica ja estabelecida,
muitos dos seus aspectos ainda estdo em desenvolvimento e necessitam de mais estudos para
sua total compreensdo e melhor aproveitamento da técnica. Os resultados de desenvolvimento
embrionario e taxas de gestacdo relatadas atualmente sdo considerados satisfatorios, porém
guando comparados aos resultados obtidos in vivo, nota-se que ainda podem ser melhorados,
como por exemplo, quando se avalia a influéncia da Maturacéo in vitro (MIV) no processo de
PIV de embrides. Estudos mostram que apesar da maturacdo nuclear de odcitos bovinos in
vitro comumente chegar a 80-90% (Lonergan et al., 2003), somente 30 a 40% destes
desenvolvem-se até o estagio de blastocisto. Estes dados quando comparados a o6citos
maturados in vivo e fecundados in vitro, que podem chegar a 80% de blastocistos (Blondin et
al., 2002), demonstram que o processo de MIV esta sendo ineficiente e influenciando
negativamente os resultados de PIV de embrides bovinos. A MIV pode ser afetada por
diversos fatores relacionados com a qualidade dos odcitos e as condi¢des de cultivo utilizadas
nesta fase.

Em relagéo as condicdes de cultivo utilizadas durante a M1V pode-se citar a tenséo de
oxigénio e a densidade de odcitos por volume de meio utilizados durante a MIV. Comumente
a MIV é conduzida sob tensdo de oxigénio proxima a 20%, tensdo esta superior a encontrada
no trato reprodutivo das fémeas bovinas e no do liquido folicular que varia entre 1,3 e 8,5%
(Mastroianni & Jones, 1965; Banwell et al., 2007). Diferentes estudos sugerem que esta
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tensdo utilizada na MIV pode levar a producdo excessiva de espécies reativas de oxigénio
(ROS) devido a producdo de radicais livres que € favorecida pela alta concentragcdo de
oxigénio, podendo estabelecer o estresse oxidativo, que € nocivo ao o00cito e ao
desenvolvimento embrionario precoce (Agarwal et al., 2006; Goud et al., 2008). A reducéo
na tensdo de oxigénio durante a MIV sugere uma maior competéncia do od6cito ao
desenvolvimento embrionério (Miller & Rorie, 2000), porém ha uma discrepancia nos
resultados obtidos por varios pesquisadores, quando avaliaram as diferentes tensGes de
oxigénio na MIV, podendo este ser um aspecto a ser estudado na MIV e seus efeitos sob a
FIV e desenvolvimento embrionario.

Outro fator limitante na MIV é a densidade de odcitos utilizada por volume de meio
durante esta fase. Quando se utiliza odcitos oriundos de ovarios de abatedouros, 0 nimero de
odcitos durante a MIV é constante, porém com o avanco da aspiracdo folicular guiada por
ultrassonografia (OPU), este nimero de odcitos durante a MIV € variavel devido a fatores
como rac¢a da doadora (Bos taurus X Bos indicus), condi¢do fisioldgica (gestante ou nao),
estagio do ciclo estral e outros fatores individuais de cada doadora. Apesar deste nimero de
odcitos ndo ser constante, o volume de meio utilizado por diferentes protocolos ndo é
ajustado. Sabe-se que a maturacdo em grupos de odcitos é favoravel ao desenvolvimento
embrionario, porém também ha competicdo entre os odcitos e as células do cumulus oophorus
pelos nutrientes do meio de MIV e pelo oxigénio disponivel. Neste sentido, baixas tensdes de
oxigénio podem ser insuficientes para a geracdo de energia no odcito. A associa¢do destas
varidveis durante a maturacdo pode afetar diretamente a maturacdo dos odcitos e
posteriormente a fecundagdo e desenvolvimento embrionério, através da producgdo de ROS e
consequente instalacdo do estresse oxidativo. Neste sentido, a utilizacdo de alta tenséo de
oxigénio pode causar um aumento na producdo de ROS em odcitos bovinos e entdo alterar a
dindmica dos processos de maturacdo e a fecundacdo in vitro, bem como a alta densidade de
odcitos pode resultar em competicdo pelo oxigénio disponivel e nutrientes.

O objetivo deste trabalho foi avaliar a influéncia direta da MIV em diferentes tensées
de oxigénio (5% e 20%) e diferentes densidades de odcitos por volume de meio (1:10ul e
1:20pl) sobre a maturacdo nuclear, citoplasmatica, producdo de ROS, defesas antioxidantes e

taxas de fecundacdo in vitro de odcitos bovinos.
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2. REVISAO BIBLIOGRAFICA

2.1 Maturacdo de odcitos bovinos

A maturacdo do odcito é condigdo essencial para que ocorra a fecundacao e posterior
desenvolvimento embrionario (Dieleman, et al., 2002). In vivo o processo de maturagdo
ocorre quando a liberacdo de LH atinge frequéncia e amplitude necessaria para estimular a
retomada da meiose e ocorre a passagem do odcito do estdgio de vesicula germinativa
(préfase 1) para o estagio de metéfase Il. No entanto, in vitro, este processo se inicia no
momento da retirada do Complexo-Cumulus-Odcito (CCO) do contato das células foliculares
e do liquido folicular (Sirard, 2001). A maturacgdo in vivo ou in vitro, compreende eventos de
maturacgdo nuclear e citoplasmatica, sendo esta etapa essencial e de grande influéncia para que
um odcito seja fecundado e posteriormente tenha desenvolvimento embrionério normal.

A maturacao nuclear ocorre com a quebra da vesicula germinativa, caracterizada pela
condensacdo da cromatina, desaparecimento do nucléolo e a extrusdo do primeiro corplsculo
polar ao espaco perivitelinico, passando este odcito ao estadio de metéafase Il, onde se mantém
até que ocorra a penetracdo do espermatozoide (Bevers et al., 1996; Van den Hurk & Zhao,
2005, Goncalves et al., 2007; Gottardi & Mingoti, 2009).

Figura 1: Microscopia de fluorescéncia de odcitos bovinos em diferentes fases da maturacéo nuclear.. A) odcito

em vesicula germinativa; B) Odcito em metéfase I; C) Odcito em metédfase Il com extrusdo do 1° corpusculo
polar (CP). Fonte: Gottardi & Mingoti, 2009.

A maturacédo citoplasmatica ocorre paralelamente a maturacdo nuclear sendo de suma
importancia a sincronia entre as mesmas. Em uma fase inicial deste processo, quando o o6cito
ainda se encontra no foliculo, a energia para sua manutencdo é transmitida de forma passiva

através das células da granulosa (Tarazona et al., 2006), porém, apds a ovulacéo ou aspiracao
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folicular é necessario que 0 mesmo produza energia para sua manutencdo. Esta energia devera
ser produzida pelas mitocondrias, que migram da periferia do citoplasma para os centros de
maior necessidade de adenosina trifosfato (ATP), localizados na regido perinuclear (Bavister
& Squirrel, 2000). Portanto, durante o estadio de vesicula germinativa, as mitocondrias estao
presentes na periferia do citoplasma do odcito e apds o pico pré ovulatério de LH (in vivo) ou
a retirada do od6cito do foliculo (in vitro), quando o o6cito atinge o estadio de metafase |1, as
mitocondrias devem ter assumido uma posicdo perinuclear no citoplasma (FIG 2; Ferreira, et
al., 2008).

Estudos realizados in vitro demonstram que o papel da mitocéndria é essencial para o
desenvolvimento de embriGes de mamiferos (Wang et al., 2009; Van Blerkom, 2011). A
mitocondria, com sua atividade regular, é responsavel pela geracdo de ATP e homeostase do
calcio. Alteracdes na atividade da mitocondria comprometem o desenvolvimento celular pela
inducdo de sintese de cromossomos anormais, falhas na maturacdo e fecundacdo, além de
induzir a fragmentacdo celular (Brookes et al., 2004). A produgdo efetiva de ATP durante a
maturacdo de odcitos bovinos é associada a producdo de blastocistos de maior qualidade
(Stojkovic et al., 2001), assim como o0s niveis de ATP durante a MIV também estdo

associados ao sucesso da fecundacdo dos odcitos em humanos. (Van Blerkom et al., 1995).

Figura 2: Microscopia confocal de o6citos bovinos demonstrando a reorganizagdo das mitocondrias. A)
Mitocondrias presentes na periferia do citoplasma do o6cito ndo maturado; B) Mitocondrias, dispersas por todo o

citoplasma apés a MIV. Fonte: Stojkovic et al., 2001.

Outra organela que sofre um reposicionamento durante a MIV sdo os granulos
corticais, que em o00citos imaturos estdo dispersos no citoplasma, agrupados em clusters.

Apds a maturacdo do odcito, estes migram para a periferia do citoplasma (FIG 3; Gotardi &
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Mingoti, 2009; Wang et al., 1997) onde permanecem para exercer sua funcdo de evitar a
polispermia durante a fecundacéo (Ferreira, et al., 2009; Abeydeera, 2002).

Germinal ‘ Germinal Vesicle

vesicle Metaphase | GVBD

Mitochondria

Cortical granules
Ribosomes

Meiotic spindle in
Metaphase

Meiotic spindle in

Telophase

== Endoplasmic reticulum

Golgi complex

Telophase | Metaphase I 5z Pronucleus

Figura 3: Esquema da maturacdo nuclear e citoplasmatica de odcitos do estagio de vesicula germinativa ao

estagio de metafase Il e zigoto apds a fecundagdo. Fonte: Adaptado de Ferreira et al., 2009.

A incapacidade de um o0cito maturado in vitro ser fecundado e desenvolver-se até
blastocisto, pode ser atribuida a defeitos intrinsecos no oo6cito que muitas vezes ndo sao
identificados e também as condic¢des de cultivo in vitro as quais 0s oocitos sdo submetidos
durante a MIV (Palma, 2008) ou ainda por uma combinacéo destes fatores (Lonergan et al.,
2003). Além de reduzirem a capacidade de maturagdo de um odcito, estes fatores podem
afetar a eficiéncia da fecundagdo e do desenvolvimento embrionario. Quando a maturacao
ocorre in vivo, existe uma sincronia entre maturacgao nuclear e citoplasmatica, no entanto, na
MIV este processo € influenciado por diferentes fatores que podem alterar esta dinamica.
Entre os fatores que influenciam o processo de maturacdo podem-se citar as condigOes

atmosféricas e a densidade de odcito, bem como o efeito das espécies reativas de oxigénio.
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2.2 Tensdo de Oxigénio na maturacdo in vitro de o6citos bovinos.

A MIV de odcitos bovinos é comumente conduzida sob atmosfera gasosa de 5% de
CO, em ar, sendo nestas condigdes a tensdo de oxigénio de aproximadamente 20%.
Entretanto, a quantidade de oxigénio dissolvido no fluido folicular e no oviduto varia entre
1,3 e 8,5% (Banwell et al., 2007). Estudos em bovinos demonstram que a tensdo encontrada
no trato reprodutivo das fémeas € em torno de 5% (Mastroianni & Jones, 1965). Portanto a
tensdo de oxigénio utilizada na MIV (20%) é superior a encontrada nas condi¢cdes de
maturacdo in vivo. Muitos estudos sugerem que alta tensdo de oxigénio in vitro pode induzir
ao estresse oxidativo devido ao aumento das espécies reativas de oxigénio (Gigli et al., 2006;
Guerin et al., 2001; Hashimoto et al., 2000; Yang et al., 1998; Fowler et al., 1978 ), em
contrapartida, estudos indicam que uma baixa tensdo de oxigénio (5-7%) pode ser insuficiente
para manter o metabolismo do od6cito (Gigli, et al., 2006).

O oxigénio tem um importante papel no metabolismo de diferentes tipos celulares,
como células somaticas, gametas e embrides (Hirao, et al., 2012), pois se torna um elemento
chave para que ocorra a fosforilacdo oxidativa. No odcito, este O, deve chegar com
quantidade suficiente para geracdo de ATP, que é essencial para permitir as modificacGes
necessarias para que se alcance o estadio de metafase 1. Miller & Rorie (2000) descrevem
gue a tensdo de oxigénio de 5% durante a MIV aumenta a producdo de blastocistos em
relacdo a 20% de O, sugerindo que esta atmosfera proporciona uma maior competéncia do
odcito, permitindo uma maior chance de desenvolvimento embrionario. Da mesma forma,
Kitagawa et al., (2004) observaram uma maior produgéo de blastocistos quando utilizada a
tensdo de 5% de O, na maturacao de odcitos suinos. Adam et al., (2004) utilizando odcitos de
ratos, observaram taxas de clivagem superiores quando maturados em 5% de O, em relacdo a
20% de O,. No entanto, neste mesmo estudo ndo houve diferenca no desenvolvimento das
estruturas clivadas até blastocistos, embora o nimero de células embrionarias tenha sido
maior nos grupos em que os odcitos foram maturados em 5% de O, em relagdo aos maturados
a 20% de O,. De Castro e Paula et al., (2007) demonstraram que 0s o0citos maturados em 5%
de O, com adic¢éo de 5,6mM de glicose ao meio SOF e ao meio TCM 199 tiveram um menor
desenvolvimento até blastocistos quando comparados a concentracdo de 20% de O,. Porém
guando adicionado ao meio SOF, 20 mM de glicose, o desenvolvimento até blastocisto foi
maior em baixas tensGes de oxigénio, assim como, quando utilizados 20 mM de glicose ao

meio TCM 199 o desenvolvimento até blastocistos foi menor em baixa tensdo de oxigénio.
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Estes dados indicam a modificacdo do metabolismo quando o odcito é submetido in vitro a
baixas tensGes de oxigénio. Leivas et al., (2006) ndo encontraram diferenca na taxa de
clivagem, producdo embrionaria e na taxa de prenhez quando os odcitos obtidos in vivo foram
maturados, fecundados e cultivados em 5% ou 20% de O,. Khurana & Niemman (2000)
também ndo encontraram diferencas na producdo embrionéaria nestas condi¢bes de MIV.
Atualmente muitas equipes de PIV em escala comercial realizam a MIV enquanto
transportam os od6citos do local da OPU para o laboratorio. Este processo é conduzido em
atmosfera com 5% de O, e apresenta bons indices de desenvolvimento embrionario. No
entanto, Pinyopummintr & Bavister (1995) demonstraram que quando a maturagdo é
conduzida em 5% de O, 0 consumo de oxigénio pelas células do cumulus oophorus deixa a
concentracdo abaixo do que é requerido pelo odcito. Essa concentracdo abaixo da requerida
pode afetar a fosforilacdo oxidativa e consequentemente a geracdo de ATP, prejudicando
assim a maturacgdo, fecundacdo e desenvolvimento embrionario precoce (Silva et al., 2010),
devido a degeneracdo celular por falta de ATP no citoplasma (Gottardi & Mingotti, 2009).
Pereira et al. (2010), demonstraram que existe efeito da fonte proteica ou de macromolécula
utilizada e da tensdo de oxigénio na MIV, sendo que com 20% de O, os melhores resultados
obtidos foram com soro fetal bovino (SFB) enquanto que com 5% de O, os melhores
resultados foram com a substitui¢do do SFB por alcool polivinilico (PVA).

2.3 Densidade de Odcitos na Maturacao in vitro de oécitos bovinos.

A Producéo in vitro de embrides bovinos é influenciada pelo nimero de odcitos ou
embrides cultivados por gota. Em trabalhos de pesquisa a origem dos odcitos geralmente é de
ovarios de fémeas de abatedouros, enquanto que para fins comerciais a principal fonte de
odcitos € através da aspiracdo folicular guiada por ultrassom (OPU), sendo neste caso, 0
numero de oocitos coletados muito variavel entre doadoras. Devido a esta variagdo no nimero
de odcitos obtidos por aspiracdo entre doadoras torna-se essencial adequar o volume de meio
para diferentes quantidades de odcitos (Brum et al., 2005).

O cultivo de odcitos em grupos tem efeito benéfico no desenvolvimento até o estagio
blastocisto, devido a producédo de fatores paracrinos (Donnay et al., 1997). O’Doherty et al.,
(1995) relatam que odcitos e embrides cultivados individualmente resultam em uma menor
producdo de blastocistos em relacdo aos cultivados em grupo. Neste mesmo trabalho, 0s
autores relatam que grupos formados por um maior nimero de oécitos produzem uma maior

taxa de blastocistos e com um maior nimero de células que 0s grupos compostos por menos
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odcitos. Brum et al., (2005) em seu estudo com diferentes densidades de odcitos por volume
de meio de maturacdo, relataram que ndo houve diferenca na clivagem e producdo de
embrides, quando utilizados grupos de 10 ou de 20 odcitos, porém grupos de 5 odcitos
apresentaram uma menor producdo embrionaria no dia 7 ap6s a fecundacdo. Neste mesmo
estudo o volume de meio utilizado nédo teve efeitos na clivagem e nem na producdo
embrionaria, porém quando a MIV foi realizada na condi¢do de 1pl de meio para 1 odcito, a
taxa de eclosdo no dia 9 ap6s a FIV foi menor que as outras propor¢des de oocito/meio(1:5ul
e 1:10ul).

As células do cumulus apresentam efeito benéfico sobre a MIV, pois contribuem para
a formacdo do pro-nucleo masculino e posterior desenvolvimento do embrido (Chian et al.,
1994). E sabido que uma alta concentracdo de células do cumulus pode gerar competicao pelo
oxigénio (Pinyopummintr & Bavister, 1995) reduzindo a disponibilidade do mesmo para o
odcito (Konish et al., 1996.). Sabe-se também que a disponibilidade de oxigénio € diminuida
em baixas tensdes (2%; Silva et al., 2010) podendo ser resultado da competicdo entre as
células do cumulus e o odcito pelo O, disponivel. Estudos da interacdo de diferentes tensdes
de oxigénio com outros fatores (meio de cultivo ou fonte protéica) durante a maturacao ja sdo
descritos na literatura (Castro e Paula et al., 2007; Pereira et al., 2010), entretanto o efeito da

interacdo da tensdo de oxigénio e a densidade de odcitos ainda ndo foram relatados.

2.4 Estresse Oxidativo

As altas concentracdes de oxigénio sdo toxicas para células de mamiferos, devido a
formacao de espécies reativas de oxigénio (ROS; Umaoka et al., 1992) que pode determinar o
estresse oxidativo. Nos o0citos, as espécies reativas de oxigénio sdo importantes mediadores
da sinalizacdo intracelular, sendo responsaveis por numerosas fungdes celulares em condicdes
fisiologicas (Goud et al., 2008; Ray et al., 2012). Sdo formadas na membrana da mitocondria
durante a fosforilacdo oxidativa e geracdo de ATP (Feugang et al., 2004). Danos oxidativos
ocorrem nas células quando as ROS reagem com os lipidios celulares, proteinas e acidos
nucléicos (Devine et al., 2012). As principais ROS produzidas sdo o anion superoxido(O;"),
peroxido de hidrogénio (H,0,) e o radical hidroxila (OH"). As ROS tem habilidade de reagir
com outras moléculas e celulas, oxidando-as, podendo resultar em uma alteracdo morfolégica
e funcional da célula (Agarwal et al., 2006). Estas alteracGes podem ser evidenciadas por
alteracdes na integridade celular, viabilidade e funcdo dos gametas e embrides, pois afetam

diretamente a dindmica dos processos de maturacao e divisao celular (Goud et al., 2008).
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Entre as alteracBes que o acumulo de grandes quantidades de ROS pode causar na
célula estdo: mutages, inativacdo ou perda do DNA mitocondrial, sintese ou estocagem de
proteinas anormais ou oxidadas e modificacbes na composicdo lipidica das membranas.
(Goud et al., 2008). Para controle das ROS, a célula possui um sistema de defesa, que
consiste na producgdo de antioxidantes. Estes sdo classificadas em antioxidantes enzimaticos e
ndo-enzimaticos. Entre os enziméticos destacam-se a superoxido dismutase (SOD), glutationa
peroxidase (GPx) e a catalase. Entre as defesas ndo-enzimaticas destacam-se a glutationa
(GSH), alfa-tocoferol e o acido ascorbico (Cetica et al., 2001). Quando a SOD atua no
processo de controle das ROS, ela age no anion superdxido, transformando-o em peroxido de
hidrogénio, que posteriormente sera neutralizado pela catalase e pela GPx, esta Ultima que
tem sua funcdo ativada pela GSH (Fig. 4; Meister, 1988).

Figura 4: Esquema da producdo de espécies reativas de oxigénio pelo metabolismo da
mitocdndria e controle das ROS pelo sistema antioxidante da célula.

A GSH é um importante antioxidante ndo enzimatico, estando presente nos o4citos
em niveis variaveis. Apos o periodo de maturagdo do odcito, os niveis de GSH aumentam
significativamente, sendo reduzidos apds a fecundacdo (Funahashi et al., 1995; Matos e
Furnus, 2000). Trabalhos ja demonstraram em suinos, hamsters e ratos que a GSH apresenta
um importante papel na protecdo do odcito contra danos oxidativos e também na formacéo do
pro-nucleo masculino apds a penetracdo espermatica (Ali et al.,, 2003) com um papel
importante na descondensacdo do espermatozoide (Matos e Furnus, 2000 ).
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Alguns estudos sugerem que a concentracdo de ROS s&o maiores em cultivos celulares
sob tensdo de 20% de oxigénio quando comparado a tensdo de 5% O, (Gigli et al., 2006;
Guerin et al., 2001 Hashimoto et al., 2000; Yang et al.,1998; Fowler et al., 1978). Em
gametas, 0 estresse oxidativo pode causar alteracdes no processo de MIV, como o retardo da
maturacdo nuclear e falha na maturacdo citoplasmatica (Goud et al., 2008). No entanto, nos
meios de MIV existe componentes como 0 soro, que possuem substancias que atuam como
antioxidantes, minimizando estes efeitos. Resultados recentes mostram que a MIV sob baixa
tensdo de O, com a presenca de soro resulta em diminuicdo das taxas de maturacao e posterior
desenvolvimento embrionério (Pereira, et al., 2010). Outro trabalho realizado por Mingoti et
al (2011), demonstrou que o6citos maturados em 20% de oxigénio apresentaram uma maior
taxa de metafase Il. Estes resultados sugerem que em baixas tensdes de oxigénio pode ocorrer
indisponibilidade de O, ao o6citos permitindo a instalacdo do estresse oxidativo. A interacéo
entre a tensdo de oxigénio e a densidade de odcitos pode alterar a disponibilidade de oxigénio
ja que existe competicdo pelo oxigénio entre os odcitos e também entre odcitos e as células do
cumulus oophorus, portanto essa interacdo pode aumentar a producao de espécies reativas de
oxigeénio, induzindo ao estresse oxidativo, causando danos celulares e influenciando nas taxas

de fecundacéo in vitro e desenvolvimento embrionario.
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3. OBJETIVOS

3.1 Objetivo Geral

¢ Avaliar a influéncia da tensdo de oxigénio e da densidade de odcitos por volume de

meio utilizada na MIV sobre a maturacéo e a fecundacéo in vitro de o6citos bovinos.

3.2 Objetivos Especificos

¢ Avaliar a influéncia da tensdo de 5% ou 20% de O e da densidade de o6citos (1:10 ou
1:20) utilizada na M1V, sobre a maturacao citoplasmatica e nuclear de o6citos
bovinos maturados in vitro.

e Avaliar a influéncia da tensdo de 5% ou 20% de O, e da densidade de o6citos (1:10 ou
1:20) utilizada na M1V, sobre a producédo de espécies reativas ao oXxigénio e a
atividade antioxidante nos odcitos e no meio de MIV.

e Auvaliar a influéncia da tensdo de 5% ou 20% de O, e da densidade de o6citos (1:10 ou
1:20) utilizada na M1V, sobre as taxas de penetracao, fecundacao e de polispermia de

od6citos bovinos fecundados in vitro.
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4. ARTIGO CIENTIFICO

Os resultados que fazem parte desta dissertacdo estdo apresentados sob a forma de
artigo cientifico. As secbes Materiais e Métodos, Resultados, Discussdo dos Resultados e
Referéncias Bibliograficas encontram-se no préprio artigo. O artigo esta apresentado da

mesma forma que sera submetido ao periédico Theriogenology.



29

THE OXYGEN TENSION AND OOCYTE DENSITY ON IN VITRO MATURATION
AFFECT THE IN VITRO FERTILIZATION OF BOVINE OOCYTES
A.B. Giotto'; D.S. Brum®; F.W. Santos™; A.C.G. Guimarées'; C.G.M Goncalves";
C.1.U. Machado®; A.B. Moyses"; N. Folchini'; F.G. Leivas

! Federal University of Pampa (UNIPAMPA), BIOTECH, Lab Biotechnology of
Reproduction, 97.500-970, Uruguaiana, RS, Brazil.

* Corresponding author. Rod. BR 472, Km 587, Cx. Postal 118 - 97.500-970, Tel/fax.:
+555534134321. E-mail: fabioleivas@unipampa.edu.br (F.G. Leivas)

Abstract

The objective of this study was to evaluate the effect of the association of oxygen
tensions (5% or 20%) with different oocyte density in IVM of bovine oocytes on maturation
and fertilization rates, ROS production and antioxidant activity. Three experiments were
performed with bovine oocytes obtained slaughterhouse ovaries. After selection the oocytes
were randomly distributed in 4 treatments: 1:10/5%; 1:10/20%; 1:20/5% and 1:20/20%. In
experiment |, nuclear maturation status and cytoplasmic maturation were similar among
treatments (P>0.05). In experiment 11, ROS production and antioxidant activity were analyzed
in oocytes and IVM medium after 24 h of maturation. Reactive oxygen species in oocytes
were higher in treatments with low oxygen tension (1:10/5% and 1:20/5%) independently of
oocyte density (P<0.05). Additionally, ROS levels in IVM medium were higher in treatments
with high oocyte density by volume of medium (1:10/5%; 1:10/20%) independently of
oxygen tension (P<0.05). The GSH levels and SOD activity were similar among treatments
(P>0.05). In Experiment IlI, fertilization and penetration rates were higher in treatment with
20% oxygen tension and high oocyte density (1:10; P<0.05). Furthermore, high incidence of
polyspermy was observed on groups with high oxygen tension and low oocyte density
(1:20/20%; P<0.05). Therefore, data from present study provide evidence of an interaction

between oxygen tension and oocyte density on IVM, influencing the in vitro fertilization
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process. In conclusion both oxygen tensions can be used during IVM. The results of this study
show an interaction between oxygen tension and oocyte density which increase the ROS
production in certain associations and subsequently influencing the rates of in vitro

fertilization of bovine oocytes.

Keywords: In vitro maturation; ROS production; oxygen tension; oocyte density; in vitro

fertilization.

1. Introduction

The in vitro maturation (IVM) of bovine oocytes has an important role to in vitro
embryo production. The nuclear maturation rates in oocytes matured in vitro can be about
90% [1], but only 30-35% of the matured oocytes reach the blastocyst stage. However,
following in vivo maturation and subsequent in vitro fertilization (IVF), which this rates
increase to 60-80% [2,3] which indicates that oocyte maturation is the key factor affecting
blastocyst development. Therefore, improvements in the conditions of VM would be useful
to enhance blastocyst production. Many factors have interference on IVM, like oocyte quality,
IVM medium, atmospheric conditions and oocyte density that the IVM are conduced.

The most common atmospheric tension used for IVM is 5% CO,, which means 20%
O, This tension is higher than tension that are observed on female reproductive tract and
follicular fluid, which range between 1.3 and 8.5% O, [4,5]. The oxygen tension has an
important role to cell activity in many cell types, like, oocytes, somatic cells, stem cells and
embryos [6]. Great variability of results was found on the use of 5 or 20% oxygen tension
during IVM. Some studies showed that lower oxygen tension (5%) on IVM had a higher
embryo production [7,8,9] while other studies report detrimental effects [10,11,12]. In swine

the lower oxygen tension had a better embryo production [13], Adam et al. [14] showed in
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mouse oocytes better cleavage rates in 5% of O, but no difference on blastocyst rates. In
humans both 5 and 20% oxygen tension have been used for IVM [15]. Leivas et al. [16] did
not find difference on rates of cleavage, blastocyst and pregnancy when the bovine oocytes
were matured, fertilized and cultured in 5 or 20% oxygen tension. Neither, Khurana and
Niemman [17] found difference in embryo production using low or high O, tension during
IVM.

Another factor that can influence the IVM is the oocyte density by volume of medium.
Currently, using oocytes from slaughterhouse ovaries the number of oocytes during IVM is
constant, but with advancement of Ovum Pick-Up (OPU) the number of oocytes during IVM
is variable due to factors like breed of the donor (Bos taurus X Bos indicus), physiological
condition or stage of estrous cycle. When the oocytes are cultured in groups the rates of
blastocyst are better than cultured single or in groups of less than 10 oocytes [18,19].
However, high oocyte density can increase the competition by cumulus cells and oocyte by
oxygen [10] and can affect its availability necessary for the oocyte to complete maturation.
Another fact that can interfere on oocyte maturation is excessive production of reactive
oxygen species (ROS) increased by high oxygen tension (20%) [8,20,21,22]. An inadequate
association of oxygen tension and oocyte density can contribute to increase of ROS and can
induce oxidative stress. ROS in physiologic levels on oocyte have an important role on cell
activity, but when in excess, the ROS can cause several cell damage [23]. For regulation of
ROS, the cell has an antioxidant system, which is based on enzymatic and non-enzymatic
protection 24]. An imbalance of ROS production and antioxidant system, develop the
oxidative stress. The non-enzymatic protection can protect the oocyte from oxidative damages
and on male pro nucleous formation during fertilization [25]. Oxidative stress can also affect
the mechanism of calcium release [23], that regulates the reorganization of cortical granules

[26] and directly influence the process of fertilization. The interaction of oxygen tension with
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different factors that affects the maturation dynamics have been studied; however the
interaction of oxygen tension and oocyte density is not reported. This interaction may cause
an increase of ROS levels and subsequently affect the rates of fertilization and embryonic
development. The aims of this study are evaluate the effect of IVM on different oxygen
tension (5 or 20%) and different oocyte density by volume of medium (1:10 or 1:20) on the

bovine oocyte maturation and fertilization in vitro.

2. Materials and Methods

All the reagents and chemicals utilized on this study were adquired from Sigma

Aldrich (St. Louis MO, USA). Other fonts of the reagents and chemicals will be cited.

2.1 Oocyte recovery and selection

The oocytes used in this study were recovered from bovine ovaries collected on a
slaughterhouse and transported to laboratory in a 0,9% NaCl solution plus streptomycin,
potassic  benzilpenicillin  and procaine benzilpenicilin (Agrovet, 500.000, Novartis,
Eurofarma Laboratérios, Brazil). The 2 — 8mm follicles were aspirated with 18g needle on a

vacuum pump and selected quality 1 and 2 oocytes [27].

2.2 In vitro maturation

The oocytes were matured in TCM 199 medium plus 10% of estrous mare serum

(EMS)[28], 100 pg/ml of epidermal growth factor (EGF), 50ug/ml of LH (Lutropin,

Bioniche, Ontario, Canada), 5ug/ml of FSH (Folltropin, Bioniche, Ontario, Canada) and 22
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mg/ml of pyruvate. The oocytes were maintained on maturation medium for 22-24 hours, in

incubator at 39°C according treatment.

2.3 In Vitro Fertilization

After the IVM period, the oocytes were washed in TCM HEPES and transferred to a
dish containing 300ul of FERT medium [29], plus 6mg/ml of bovine serum albumin (BSA),
10 pg/ml of heparin, 20uM of penicilamin, 10ug of hipotaurin and 2uM of epinefrin.

The sperm were selected by separation with different density gradients, were utilized
densities of Percoll of 90, 60 and 30% [30]. A commercial semen of Bos taurus taurus bull
were utilized for the fertilization.

After the sperm selection the drops with the oocytes were inseminated with 2 x 10°
sptz/ml and they were co-incubated for 18 hours at 39°C, satured humidity in 5% of CO; in

air.

2.4 Cytoplasmic maturation evaluation

Denuded oocytes were co-incubated for 30 min with Mitotracker Green FM (MT,;
Molecular Probes INC, USA) on concentration of 250nm on TCM 199 HEPES and were
evaluated on fluorescence microscope with 490nm of excitation and 516nm of emission. For
the cytoplasmic maturation (CM) the mitochondrial reorganization assay according Stojkovic
et al, [31] was used. It was considered oocytes with CM, the oocytes that presented the
mitochondrial dispersed and distributed in homogeneous form in the cytoplasm. Were
considered without mitochondrial reorganization the oocytes had the localization of the

mitochondrial on the cytoplasm periphery or the oocytes that had vacuoles in the cytoplasm.
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2.5 Nuclear Maturation Evaluation

Denuded oocytes were incubated with 10pg/ml of bisbenzimida (Hoescht 33342) and
evaluated under fluorescence microscope with 365nm of excitation and 410nm of emission.
Were considered oocytes with nuclear maturation the oocytes that had the extrusion of first

polar body. The oocytes without the first polar body were not considered maturated.

2.6 Evaluation of the production of Reactive oxygen species

After the 24 hours of VM, the oocytes were denuded and washed in TCM HEPES and
transfered to 100 pl of TrisHCI, pH 7.4 and stored at -20° C. When all replications were
finished, the samples were evaluated. Reactive oxygen species levels in oocytes and in
maturation medium, after VM period were determinate by spectrofluorimetric method,
utilizing 2’7’dichlorofluorescein diacetate (DCHF-DA) [32]. The samples were incubated
with 10ul of DCHF-DA (1mM) on dark. The DCHF-DA oxidation to fluorescent
dichlorofluorescein was the marker for ROS detection. The intensity emission of fluorescence

was 520nm with excitation of 480nm, 30 minutes after add DCHF-DA on the medium.

2.7 Evaluation of GSH levels and SOD activity

After the 24 hours of IVM, the oocytes were denuded, washed in TCM HEPES and
three times in free Mg,/ CL, PBS. Groups of 15 oocytes were frozen in 60ul of PBS plus PVP

at -20° C and thawed at room temperature for three times, to give a total cell disruption [33].
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The GSH levels were determined by spectrofluorimetric method [8,34] using o-
phthalaldehyde (OPA) as fluorophore. Oocyte sample (10 ul) was incubated with 10 ul of
OPA (0.1% in methanol) and 180 ul of 0.1 M phosphate buffer (pH 8.0) for 15 min at room
temperature in dark. Fluorescence was measured with a Hidex Plate Chameleon V
Multitechnology Platereader (425-156 Model) at excitation wavelength of 350 nm and at
emission wavelength of 420 nm. GSH levels were expressed as nmol GSH/mL.

Superoxide dismutase activity was measured with a method based on the ability of
SOD to inhibit the auto-oxidation of epinephrine to adrenochrome [24,35]. The colour
reaction can be monitored at 480 nm. One enzymatic unit (1 Ul) is defined as the amount of

enzyme necessary to inhibit the auto-oxidation rate in 50% at 26 °C.

2.8 Evaluation of In Vitro Fertilization

After 18 hours of co-incubation of the oocytes and spermatozoa was performed the
evaluation of fertilization. To evaluation was utilized 10pg/ml of bisbenzimida (Hoescht
33342) under a epifluorescent microscope with 365nm of excitation and 410 of emission. The
fertilization was evaluated by pro nucleous formation, sperm penetration with or without
decondensation and polysperm rates. Were considered fertilized oocytes, those that had two
pro nucleous formation and extrusion of the second polar body; or those had the extrusion of
the second polar body and one sperm in decondensation. The penetration was considered the
zygotes that had only one penetrate sperm. The polyspermy was measured by two or more

penetrate sperm [36].

2.9 Statistical Analyses



36

Percentages of nuclear and cytoplasmic maturation status were based on the number of
matured oocytes on total of evaluated oocytes, these data were analyzed by ANOVA and
Tukey test. For ROS production were utilized ANOVA and Tukey test to analyze the units of
fluorescence of oocytes and in maturation medium. All data were analyzed on the software
STATISTICA ‘99 Edition (StatSoft, Inc. 1999). Data of fertilization evaluation were

analyzed by Z test. The level of significance was of 5%.

2.10 Experimental Design

This study was performed in three experiments where bovine oocytes were matured on
different oxygen tension (5 or 20%) associated with different density of oocyte by volume of
medium (1:10 or 1:20 oocytes:microliter). The Experiment | was performed to evaluate the
nuclear and cytoplasmic maturation of oocytes, the Experiment Il evaluated the ROS
production and the antioxidant system of the oocyte and Experiment 111 evaluated the in vitro
fertilization.

In all experiments the oocytes were obtained from slaughterhouse bovine ovaries
selected according to De Loss et al.[27] and distributed randomly on each treatment:
Treatment 1:10/5%: 1 oocyte per 10ul of IVM medium in 5% of O, (1:10ul in 5% Oy):;
Treatment 1:10/20%: 1 oocyte per 10pl of IVM medium in 20% of O, (1:10ul in 20% O,);
Treatment 1:20/5%: 1 oocyte per 20ul of IVM medium of IVM medium in 5% of O, (1:20
in 5% O,); Treatment 1:20/20%: 1 oocyte per 20ul of IVM medium in 20% of O, (1:20 in

20% Oy).

2.11 Experiment | - Evaluation of nuclear and cytoplasmic maturation of oocytes in vitro

matured on different oxygen tension and different oocyte density.
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Were performed nine replication for nuclear and cytoplasmic maturation assay (435
and 420 oocytes respectively). For each treatment, 24 hours after maturation, were performed

nuclear and cytoplasmic maturation evaluation.

2.12 Experiment Il - Evaluation of ROS production in oocytes and in IVM medium, and
evaluation of antioxidant system in oocytes n vitro matured on different oxygen tension and

different oocyte density.

The ROS production in oocytes and ROS accumulation on VM medium after 24
hours of maturation were evaluated by spectrofluorimetric method. Glutathione and
Superoxide dismutase were also evaluated in all treatment by spectrofluorimetric method
(GSH) and by a method based on epinefrin auto oxidation (SOD) For ROS production was
utilized 420 oocytes (Seven replications) and for antioxidant system evaluation were utilized

360 oocytes (Six replications).

2.13 Experiment 111 - IVF evaluation of oocytes in vitro matured on different oxygen tension

and different oocyte density.

On this experiment were realized seven replications of the IVF of oocytes (n=331)

after 24 hours of IVM, to determinate the influence of these IVM systems on the fertilization,

penetration and polyspermy rates.

3. Results
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3.1 Experiment I: Evaluation of Nuclear and Cytoplasmic maturation of bovine oocytes in

vitro matured

The nuclear maturation rates did not differ among treatments (1:10/5%=70.54%,
1:10/20%=72.64%, 1:20/5%=67.29% and 1:20/20%=68.18%). All the treatments have around
70% of cytoplasmic maturation rates (1:10/5%=71.04%, 1:10/20%= 73.91%, 1:20/5%=
69.23% and 1:20/20%=72.03%). Similar percentages were obtained when nuclear and

cytoplasmic maturation were evaluated.

3.2 Experiment II: Evaluation of ROS production in oocytes and in IVM medium and

antioxidant system in oocytes in vitro matured.

3.2.1. Production of reactive oxygen species

The production of reactive oxygen species in oocytes matured on 5% O, atmosphere
were higher than oocytes matured on 20% O, atmosphere (FIG. 1). Oocyte density by volume
of medium did not show any interference on ROS production by oocytes. On the other hand,
the ROS accumulation in the medium was higher in treatments with density of 1 oocyte to 10
pl of IVM medium than the treatments with density of 1 oocyte to 20 pl of IVM medium,

regardless of the oxygen tension utilized on IVM (FIG. 1).

3.2.2. Antioxidant System Evaluation

There was no difference in the GSH levels and SOD acitivity (P>0.05). The levels of

GSH in oocytes were on 1:10/5% (7.43£1.42 nmol GSH/mL), 1:10/20% (7.21+1.95nmol
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GSH/mL), 1:20/5% (7.48+0.89nmol GSH/mL) and 1:20/20% (5.7+0.82nmol GSH/mL)
whereas SOD activity was on 1:10/5% (18.16+5.00Ul), 1:10/20% (19.46+3.00Ul), 1:20/5%

(23.64+4.23U1) and 1:20/20% (24.01+1.58U1).

3.3 Experiment I11: IVF evaluation of oocytes in vitro matured on different systems.

Significantly differences were observed on normal fertilization (NF), polyspermic
penetration (PP) and normal fertilization plus normal penetration (PFN). Normal Penetration
(NP) rates were not different among treatments (P>0.05). Fertilization rates were higher when
20% oxygen tension was associated with high oocyte density than the 5% oxygen tension and
high oocyte density (Tab. 1). The use of 20% oxygen tension associated with a lower oocyte
density had higher polyspermic penetration rates than oocytes matured under 20% oxygen
tension and high density. Normal Penetration and normal fertilization data showed that the
association of 20% oxygen tension and high oocyte density (1:10/20%) had higher rates than
other treatments (1:10/5% and 1:20/20%) however it was similar to treatment 1:20/5%. (Tab

1)

4. Discussion

The IVP of bovine embryos has been studied around the world to develop a better
system to production of blastocysts. The IVM is one of the critical points in in vitro blastocyst
production. In cattle, beneficial [8,9] and detrimental [10,11,12,37] effects of low oxygen
tension during IVM have been reported, but, the effect of the density of oocytes associated
with oxygen tension has not been studied. Nevertheless, an optimal oxygen level for IVM has

not been established and the standard oxygen tension continues to be 20% O..
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Our results showed that the oxygen tension and density of oocytes during VM did not
affect the rate of nuclear maturation and cytoplasmic maturation. However, showed variation
in the ROS production and fertilization rates of these oocytes providing evidence of the
influence of these factors on in vitro fertilization. The nuclear and cytoplasmic maturation
rates (70 and 71%) in Experiment I did not differ among treatments independent of oxygen
tension (5 or 20%) or density of oocytes by volume of medium (1:10 or 1:20), showing that
these systems of IVM did not affect the maturation process. Mingoti et al [38] showed that
20% O, tension on IVM improves rates of metaphase 1. However, in most cases even with
this high rate of in vitro maturation only 30-35% of the matured oocytes reach the blastocyst
stage [2,3], which indicates that others factors are affecting the oocyte maturation and future
embryo development. It is known that the nuclear maturation and reorganization of
mitochondria are essential for successful fertilization; however another factor like
reorganization of cortical granules and mitochondria activity, have to be analyzed to give
conclusive rates of oocyte maturation.

High oxygen tension (20%) in culture conditions may cause increases in the
generation of ROS [8, 20,21,22]. It is know that the ROS when are on physiological levels are
beneficial for many cellular function [23] and to control ROS production the cell have a
defense system, consisting on a production of antioxidants. This study showed in Experiment
I, that 5% oxygen tension produced more ROS in oocytes than 20% oxygen tension,
independently of oocyte density utilized. The higher production of ROS in lower oxygen
tension can be explained by the competition of oocytes and cumulus cells by the available
oxygen [10]. In systems with low oxygen tension may lack oxygen for the energy generation
and cause an imbalance of ROS production and antioxidant defense [39]. These data were
confirmed when evaluated the ROS production on IVM medium the system that had a higher

concentration of oocytes by volume of medium (1: 10ul) accumulated more ROS than the
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systems that were utilized lower oocyte density (1:20ul), independently of oxygen tension
utilized.

The maturation of bovine oocytes can be influenced by oxidative stress, that can cause
several cell damage[40] like abnormal DNA segregation, mutations, inactivation of
mitochondrial DNA, synthesis or storage of abnormal proteins, modification on lipid
composition of membrane and affecting the maturation process [23]. The GSH is synthesized
during maturation, increasing activity after IVM [41]. Cetica et al. (2001) [24] showed
decrease in SOD activity after maturation.

In our study in Experiment I, were evaluated oxidative stress indicators, like GSH
levels and SOD activity after maturation, showing that these parameters did not change in the
oocytes. Despite the increased production of ROS in parameters did not change in the
oocytes. Despite the increased production of ROS in treatments with 5% O,, we cannot say
that the levels found were sufficient to generate an oxidative stress, since the GSH levels and
SOD activity were not altered. In swine, the low oxygen tension does not increase GSH
concentrations [42]. The fact that parameters such as nuclear and cytoplasmic maturation and
antioxidant defenses (GSH e SOD) did not differ among treatments does not mean that there
were no other changes in the oocyte, since these parameters are only reduced after a series of
biochemical events that may occur in cells, for example, the action of ROS on the cell
membrane. The ROS may be affecting the other systems of maturation like the reorganization
of cortical granules and activity of mitochondria for ATP generation that are closely
connected with the fertilization rate [39]. During the IVM, the release Ca™ mechanisms are
activated [43], and the reorganization of cortical granules is affected by oxidative stress [23].
The polysperm rates are higher on treatment that was used 20% of oxygen and low oocyte
density, even though treatment with lower ROS production, suggests that the production of

beneficial ROS may being insufficient and found wanting in the reorganization of cortical



42

granules, that function is avoid polysperm [44]. In experiment Ill, the fertilization and
penetration rates were affected by association of oxygen tension and oocyte density by
volume of medium. The results showed that 20% oxygen tension associated with 1:10ul
oocyte density was better than the others treatments, showing that the oxygen tension and
oocyte density on IVM affect the fertilization. The ROS production on 20% oxygen tension
was lower than 5% of O, and when are associated with a high oocyte density the development
of fertilization did not affected by accumulated ROS on IVM medium. On the other hand,
lower oocyte density associated with a low oxygen tension did not affect the fertilization
rates. The interaction of oxygen tension and factors that affects the maturation, fertilization
and embryo development, like media and glucose, protein source on IVM of bovine
oocytes[11, 46] and on IVM of swine oocytes [45] have been reported. This study are related
that the interaction of oxygen tension and oocyte density affects the ROS production in
oocytes and the in vitro fertilization of bovine oocytes. Data from present study provide
evidence of an interaction between oxygen tension and oocyte density on IVM, influencing
further in vitro fertilization process. The interaction between oxygen tension and oocyte
density utilized during IVM period, do not affect the maturation rates. Additionally certain
associations of these factors cause an increased production of reactive oxygen species, which
in turn affect the in vitro fertilization of bovine oocytes. Better rates of I\VVF are obtained when

IVM is conducted on 20% of oxygen tension and high oocyte density.
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A, B, a, b: Different superscripts on the same colors bars show significantly difference. (p<0.05)

Fig. 1: Reactive oxygen species production in oocyte and IVM medium after 24 hours of

culture in 5 or 20 % of oxygen tension and 1:10 or 1:20 oocyte per microliter.
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TABLE 1 - Percentages of normal fertilization (NF), normal penetration (NP), polyspermic

penetration (PP), penetration and fertilization (PF) on oocytes matured in vitro using different

oxygen tension and different oocyte density medium.

Treatment ~ QOCYtes NF NP PP PFN
n n % n % n % n %
1:10/5% 88 16 181° 10 114 19 216® 26 295
1:10/20% 82 29 354* 11 134 11 134" 40 @ 488
1:20/5% 82 22 268" 11 134 15 183® 33  40.2*
1:20/20% 79 17 215 6 76 22 278 23 201°

% Within a column, means without common letter differed (P < 0.05).
* Percentage based on total of evaluated oocytes.
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. CONCLUSOES

A tensdo de 5% ou 20% de O, e a densidade 1:10 ou 1:20 odcitos por microlitro de
meio ndo afetam a maturacdo citoplasmatica e a taxa de maturagao nuclear.

A tensdo de 5% oxigénio na maturagdo in vitro causa uma maior producao de espécies
reativas de oxigénio nos odcitos, independentemente da densidade de odcitos
utilizada.

A utilizacdo da relacdo de 1 odcito para 10 microlitros de meio de MIV causa um
maior acimulo de ROS no meio de MIV.

A tensdo de 5% ou 20% de O, e a densidade 1:10 ou 1:20 odcitos por microlitro de
meio nao afetam os niveis de glutationa e a atividade da superoxido dismutase.

Os melhores indices de fecundacdo se obtém quando a maturacao in vitro é conduzida

sob tenséo de 20% de O e alta densidade de odcitos (1:10).
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6. PERSPECTIVAS

Novos estudos serdo conduzidos para a avaliagdo da reorganizagdo dos grénulos
corticais e também a avalia¢do da atividade mitocondrial, assim como avalia¢des do consumo
de oxigénio pelos odcitos e disponibilidade real de oxigénio no meio de maturacéo.

Os efeitos destes sistemas de MIV sobre a producdo e qualidade embrionaria, bem
como pela expressdo de genes relacionados ao estresse oxidativo e de substancias

antioxidantes devem ser avaliados.
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Tecnologia de Embrides. 30/8 a 02/09/2012 — Foz Do Iguacu, PR, Brasil.
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EFFECTS OF OXYGEN TENSION AND OOCYTE DENSITY BY VOLUME OF MEDIUM ON
NUCLEAR AND CYTOPLASMIC MATURATION OF BOVINE OOCYTES
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keywords: oocytes; nuclear maturation; cytoplasmic maturation
Abstract:

The in  vitro maturation (IVM) comprises the  events  of nuclear  and cytoplasmic
maturation, these events, which can be influenced by several factors, including oxygen tension and
density of oocytes per volume of medium used for IVM. The objective of this study was to evaluate the
influence of association between O2 tension (5% or 20%) and different density of oocytes per volume
of medium (1:10 or 1:20 ul) on the nuclear and cytoplasmic maturation. Oocytes were obtained
from abattoir ovaries by  aspiration of the  follicles 2-8 mm.  Following  selection they  were
homogeneously divided into 15 oocytes by treatment T1: 1:10 in 5% 02, T2: 1:10 in 20% 02, T3: 1:20
in5% 02, T4: 1:20 to 20% O2. The oocytes were matured in TCM 199 plus 10% of estrous mare
serum, EGF, LH, FSH and pyruvate for 22 to 24 hours at a temperature of 39 C and saturated
humidity. After IVM the cumulus cells were removed and desnuded oocytes were stained in drops of
5ul of IVM medium supplemented with 10ug/ml of bisbenzimida (Hoechst33342) and 220nM of
Mitotracker Green FM and analyzed under an epifluorescent microscope. For the assessment
of nuclear  maturation (NM) was considered the extrusion of the first polar
body and cytoplasmic maturation (CM) was considered the reorganization mitochondrial. It was
considered oocytes with CM, the oocytes presented mitochondria dispersed and distributed in
a homogeneous form in the cytoplasm. Means of each group were compared by ANOVA and Tukey's
test, with  significance  of  5%. For nuclear = maturation were  evaluated 219 oocytes (4
replicantions) divided into four treatments, with rates of NM similar among treatments (67.9%,
74.5%, 66% and 67.8% for T1, T2, T3and T4, respectively). For the cytoplasmic
maturation 264 oocytes (5 replications) were evaluated, and the rate of CM also similar between
treatments (69.7%, 76.6%, 71.2% and 72.1% for T1, T2, T3 and T4, respectively). These data
show that the association of an atmosphere of 5% or 20% O2 with a density of 1:10 or 1:20 oocytes
per microliter  of MIV medium did not influence the rateofnuclear and cytoplasmic
maturation of oocytes matured in vitro. These resultsdo not exclude possible influences on
future embryo quality and other studies should be conducted to evaluate the production of reactive
oxygen species (ROS) in the IVM and IVP systems and its influence on the quality of embryos
produced in vitro. Financial support: FAPERGS (1011575) and CNPq (501763/2009-0).
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ANEXO 2

Resumo publicado nos anais da 392 Annual Conference of the International Embryo
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Abstract

The reactive oxygen species (ROS) produced by animal cells and at physiological levels are
responsible for several cellular functions. However, when there is an imbalance between ROS
production and the antioxidant system in the cell, oxidative stress occurs and causes severe cell
damage. In oocytes, ROS can affect the dynamics of maturation and early embryo development
processes. Oxygen tension and the density of oocytes by medium volume during in vitro maturation
(IVM) can influence ROS production. The aim of this study was to evaluate the influence of the
association between oxygen tension (5 or 20%) and different oocyte densities during IVM (1 : 10 or
1:20 oocytes uL‘1 of medium) on the ROS levels in oocytes and medium. Bovine oocytes (n = 420)
were obtained from slaughterhouse ovaries by aspiration of 2- to 8-mm follicles. Quality | and I
oocytes (De Loss et al. 1989 Gamete Res. 24, 197-204) were homogeneously distributed into groups
of 15 oocytes per treatment: Treatment (T) 1 =1:10in 5% of O,; T2=1:10in 20% of O,; T3=1:20
in 5% of O,; and T4 =1 : 20 in 20% of O,. The oocytes were matured in TCM-199 supplemented with
10% oestrous mare serum, 100 pg mL™" of epidermal growth factor, 50 ug mL™ of LH, 5 ug mL™ of
FSH, and 22 ug mL™" of pyruvate for 22 to 24 h at 39°C, in 5% CO, and saturated humidity. To assay
ROS production, denuded oocytes and 60-uL samples of IVM medium were evaluated by the
spectrofluorometric method with 2'7'-dichlorofluorescein-diacetate, in which the fluorescence intensity
emission was considered an indicator of ROS production and measured by a
spectrofluorophotometer. The ROS production in oocytes and in IVM medium was expressed as units
of fluorescence (UF); data were analysed by ANOVA and Duncan’s test with a 5% level of
significance. Seven replications were performed. In treatment groups T1 and T3, the ROS production
in oocytes was higher (P < 0.05) than in oocytes of treatment groups T2 and T4 (13.53 and 18.78 UF
v. 7.92 and 6.15 UF, respectively). The ROS production in IVM medium was higher in the T1 (23.86
UF) and T2 (24.12 UF) treatment groups than in the T3 (18.78 UF) and T4 (18.57 UF) treatment
groups. These results suggest an increase in ROS production in IVM oocytes under a 5% O,
atmosphere in relation to a 20% O, atmosphere, irrespective of the oocyte density by volume of IVM
medium. On the other hand, the accumulation of ROS in IVM medium seemed higher when the oocyte
density was 1 oocyte to 10 pL of IVM medium, independent of the oxygen tension used. A higher level
of ROS in 5% O, tension may be caused by competition for O, between oocyte and cumulus cells,
causing a reduction in O, levels and changing the availability of O, to energy generation in oocytes
and consequently increasing ROS generation. In this respect, 5% O, during IVM may contribute to the
onset of oxidative stress in oocytes, which may compromise fertilization and early embryo
development. Further research is necessary to clarify esterase activity in oocytes and the addition of
exogenous peroxidase to validate the assay. Financial support: FAPERGS (1011575) and CNPq
(501763/2009).
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keyword: Oxygen tension;Oocyte density;IVF
Abstract:

The in vitro maturation (IVM) of bovine oocytes, have an important role to sucess of in vitro fertilization
(IVF). Many factors can influence on the IVM events, including, oxygen tension and oocyte density by
volume of medium. Inadaquate combination of these factors can do the ROS generation, affecting the
fertilization and embryo development. The aim of this study was evaluate the influence of association
of oxygen tension (5% or 20%) with different oocyte density by volume of medium (1:10 or 1:20ul) on
the rates of in vitro fertilization in bovine oocytes. Bovine oocytes (n=331) were obtained from
slaughterhouse ovaries, and after selection, they were randomly divided in 4 treatments: T1: 1:10 in
5% of 02; T2: 1:10 in 20% of 02; T3: 1:20 in 5% of O2; T4 1:20 in 20% of O2. The oocytes were
matured in TCM 199 plus 10% of estrous mare serum, EGF, LH, FSH and piruvate for 22 to 24 hours
in 39°C and satured humity. To IVF, the spermatozoa were separated by Percoll gradients (90, 60,
30%), and co-incubated with oocyte for 18 hours in 5% of CO2 in air and satured humidy, in FERT
TALP medium. Before IVF period, cumulus cells were removed by successive pipetting, the
presumptive zygotes were stained with Hoescht 33342 and the fertilization rates were evaluated by
pro nucleous formartion and sperm penetration. The statistical analyses were performed by Z test,
with 5% level of significance. The normal fertilization (NF) of group T2 (35.37%) was higher than T1
(18.18%; P<0.05) and similar to T3 (26.83%; P>0.05) and T4 (21.52%; P>0.05). The normal
penetration (NP) rates did not differ between treatments (P>0.05). When the rates of NF and NP were
analysed in association, the T2 (48.78%) was higher than T1 (29,55%; P<0.05) and T4 (29,11%;
P<0.05), but similar to T3 (40,24%; P>0.05)). These data show the system utilized on T2 (1:10 in 20%
02) and T3 (1:20 in 5% of 02) presented the better rates of IVF, suggesting that when utilized an
higher oxygen tension (20%) it must be utilized a higher density of oocyte.(1:10). A lower oocyte
density (1:20) requires a lower oxygen tension (5%). The rates of IVF are influenced by oxygen
tension and oocyte density by volume of medium utilized on IVM. Finacial Suport: FAPERGS
(1011575).
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