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Oxygen tension and oocyte density during in vitro maturation affect 
the in vitro fertilization of bovine oocytes

A tensão de oxigênio e a densidade de oócitos durante a maturação 
in vitro afeta a fecundação in vitro de oócitos bovinos

Angelo Bertani Giotto1; Daniela dos Santos Brum2; Francielli Weber Santos2; 
Antonio Carlos Galarça Guimarães1; Cibele Garcia Moreira Gonçalves1; 

Cecilia Urquiza Machado Pavin1; Natalia Picoli Folchini3; 
Aline Barros Moyses3; Daniele Missio3; Fábio Gallas Leivas4*

Abstract

Oocyte maturation is the key factor affecting the fertilization and embryonic development. Factors such 
as oocyte density and oxygen tension can directly inÀuence the IMV. Thus, the objective of this study was 
to evaluate the effect of the association of oxygen tensions (5% or 20%) with different oocyte densities 
(1:10µl or 1:20µl) in the in vitro maturation (IVM) of bovine oocytes on maturation and fertilization 
rates, ROS production and antioxidant activity. Three experiments were performed with bovine oocytes 
that were obtained from slaughterhouse ovaries. After selection, the oocytes were randomly distributed in 
four treatments: 1:10/5%; 1:10/20%; 1:20/5%and 1:20/20% for each experiment. In experiment I, nuclear 
maturation status and cytoplasmic maturation were evaluated through detection of the ¿rst polar body 
by immunoÀuorescence and the mitochondrial reorganization assay. In experiment II, ROS production 
and antioxidant activity were analyzed in oocytes and IVM medium after 24 h of maturation through 
detection of ROS, reduced glutathione (GSH) and Superoxide dismutase activity by spectroÀuorimetric 
methods. In experiment III, fertilization was evaluated through pronucleus formation, sperm penetration 
with or without decondensation and polyspermy rates by immunoÀuorescence. In experiment I, the 
nuclear maturation and cytoplasmic maturation were similar among treatments (P>0.05). In experiment 
II, reactive oxygen species in oocytes were elevated in treatments with low oxygen tension which 
was independent of oocyte density (P<0.05). Additionally, ROS levels in IVM medium were higher in 
treatments with high oocyte density by volume of medium, which was independent of oxygen tension 
(P<0.05). In Experiment III, the fertilization and penetration rates were higher in the treatment with 
20% oxygen tension and high oocyte density (P<0.05). Furthermore, a high incidence of polyspermy 
was observed in groups with high oxygen tension and low oocyte density (P<0.05). In conclusion, the 
results of this study indicate an interaction between oxygen tension and oocyte density, which increases 
ROS production in certain associations and subsequently inÀuences the rates of in vitro fertilization of 
bovine oocytes. The improved rates of IVF were obtained when IVM was conducted using 20% oxygen 
tension and high oocyte density (1:20 µl).
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Resumo

A maturação dos oócitos é o fator chave que afeta a fecundação e o desenvolvimento embrionário. Fatores 
como a densidade de oócitos e a tensão de oxigênio podem inÀuenciar diretamente a maturação in vitro
(MIV) de oócitos bovinos. O objetivo do presente estudo foi avaliar o efeito da associação da tensão 
de oxigênio (5% ou 20%) com diferentes densidades de oócitos (1:10µl ou 1:20µl)  MIV de oócitos 
bovinos, na taxa de maturação, fecundação, produção de espécies reativas ao oxigênio (ROS) e defesas 
antioxidantes. Três experimentos foram conduzidos com oócitos obtidos de ovários de abatedouro. 
Após a seleção, os oócitos foram distribuídos homogeneamente em quatro tratamentos: 1:10/5%; 
1:10/20%; 1:20/5% e 1:20/20%. No experimento I, o status da maturação nuclear e citoplasmática foram 
avaliados pela detecção do primeiro corpúsculo polar por epiÀuorescência e avaliação da reorganização 
das mitocôndrias. No experimento II, a produção de EROs e atividade antioxidante foram analisadas 
nos oócitos e no meio de MIV após 24h de maturação pela detecção de ROS, redução da glutationa 
(GSH) e atividade da Superoxido Dismutase por métodos de espectroÀuorometria. No experimento 
III, foram avaliadas as taxas de fecundação pela formação dos pro-núcleos, penetração com ou sem 
descondensação espermática e poliespermia por epiÀuorescência. No experimento I, a maturação 
nuclear e citoplasmática foi similar entre os tratamentos (P>0,05). No experimento II, os níveis de 
ROS nos oócitos foram elevados nos tratamentos com baixa tensão de oxigênio (5%) independente da 
densidade de oócitos (P<0,05). Adicionalmente os níveis de ROS no meio de MIV foram maiores nos 
tratamentos com alta densidade de oócitos por volume de meio, independente da tensão de oxigênio 
(P<0,05). No experimento III, a taxa de fecundação e penetração espermática foi maior nos tratamentos 
com 20% de oxigênio e alta densidade de oócitos (P<0,05). Entretanto, alta incidência de polispermia 
foi observada nos grupos com alta tensão de oxigênio (20%) e baixa densidade de oócitos (1:20). Em 
conclusão, os resultados deste estudo indicam uma interação entre tensão de oxigênio e densidade de 
oócitos, que aumenta a produção de ROS em certas associações e consequentemente inÀuencia as taxas 
de fecundação dos oócitos bovinos. O aumento nas taxas de fecundação é obtido utilizando uma tensão 
de 20% de oxigênio e alta densidade de oócitos (1:20 ul).
Palavras-chave: Densidade de oócitos, tensão de oxigênio, produção de EROs, superóxido dismutase, 
GSH

Introduction

The in vitro maturation (IVM) of bovine 
oocytes has an important role in in vitro embryo 
production. The nuclear maturation rates in oocytes 
that are matured in vitro can be approximately 90% 
(LONERGAN et al., 2003), although only 30 to 
35% of the matured oocytes reach the blastocyst 
stage. However, following in vivo maturation and 
subsequent in vitro fertilization (IVF), these rates 
increase to 60 to 80% (BLONDIN et al., 2002; 
RIZOS et al., 2002), which indicates that oocyte 
maturation is the key factor affecting blastocyst 
development. Therefore, improvements in the 
conditions of IVM, such as oocyte quality, IVM 
medium, atmospheric conditions and oocyte 
density, would be useful in enhancing blastocyst 
production. The most common atmospheric tension 

that is used for IVM is 5% CO2, with 20% O2. This 
tension is higher than the tension that is observed 
in the female reproductive tract and follicular Àuid, 
which ranges between 1.3 and 8.5% O2 (BANWELL 
et al., 2007). Oxygen tension has an important role 
in cell activity in many cell types, such as oocytes, 
somatic cells, stem cells and embryos (HIRAO et 
al., 2012). Some studies demonstrated that lower 
oxygen tension (5%) during IVM resulted in 
higher embryo production (HASHIMOTO et al., 
2000, 2009; MILLER; RORIE, 2000; BERMEJO-
ALVAREZ et al., 2010), whereas other studies 
reported detrimental effects under the same 
conditions (CASTRO E PAULA; HANSEN, 2007; 
PINYOPUMMINTR; BAVISTER, 1995). Adam 
et al. (2004) demonstrated better cleavage rates 
in mouse oocytes maturing in low oxygen tension 
(5%). Recently was demonstrated that oxygen 
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concentration inÀuences in murine cumulus cell 
gene expression during IVM (KIND et al., 2015). 
In humans, both 5 and 20% oxygen tension have 
been used for IVM (BERMEJO-ALVAREZ et al., 
2010). Leivas et al. (2006) did not ¿nd differences 
in rates of cleavage, blastocyst and pregnancy when 
the bovine oocytes were matured, fertilized and 
cultured in 5 or 20% oxygen tension. 

Another factor that can inÀuence IVM is the 
oocyte density by medium volume. When the oocytes 
are cultured in groups, the rates of blastocyst are 
better than when cultured alone or in groups of less 
than 10 oocytes (BRUM et al., 2005; O’DOHERTY 
et al., 1997). However, high oocyte density can 
increase the competition between cumulus cells 
and oocytes for oxygen (PINYOPUMMINTR; 
BAVISTER, 1995) and can affect the availability 
of oxygen, which is necessary for the oocyte to 
complete maturation. Another factor that can 
interfere with oocyte maturation is the excessive 
production of reactive oxygen species (ROS), 
which is increased by high oxygen tension (20%) 
(FOWLER; CALLINGHAM, 1978; GUÉRIN et 
al., 2001; HASHIMOTO et al., 2000; YANG et al., 
1998). An inadequate association between oxygen 
tension and oocyte density can contribute to an 
increase in ROS and can induce oxidative stress. For 
the regulation of ROS, the cell has an antioxidant 
system, which is based on enzymatic, assuperoxide 
dismutase (SOD), and non-enzymatic protection as 
glutathione (GSH). Oxidative stress can also affect 
the mechanism of calcium release (GOUD et al., 
2008), which regulates the reorganization of cortical 
granules (ABBOTT; DUCIBELLA, 2001) and 
directly inÀuences the process of fertilization. GSH 
is an important non-enzymatic antioxidant and is 
present in oocytes in varying degrees (MIYAMURA 
et al., 1995; CETICA et al., 2001).  Studies have 
already demonstrated in pigs, hamsters and mice that 
GSH plays an important role in oocyte protection 
against oxidative damage and also in the male 
pronucleus formation after sperm penetrationwith an 
important role in decondensation of sperm (MATOS; 

FURNUS, 2000). The interactions of oxygen tension 
with various factors that affect maturation dynamics 
have been studied (KIND et al., 2015; MARQUES 
et al., 2012; HASHIMOTO et al., 2000); however, to 
the best of our knowledge, the interaction between 
oxygen tension and oocyte density has not been 
described. The aim of this study was to evaluate how 
different oxygen tensions (5 or 20%) and oocyte 
densities by medium volume (1:10 or 1:20) affect 
bovine oocyte maturation and fertilization in vitro.

Materials and Methods

All the reagents and chemicals that were utilized 
in this study were acquired from Sigma Aldrich (St. 
LouisMO, USA). Other sources of the reagents and 
chemicals will be cited.

Oocyte recovery and selection

The oocytes that were used in this study were 
recovered from bovine ovaries that were collected 
from a slaughterhouse and that were transported to 
the laboratory in a 0,9% NaCl solution supplemented 
with streptomycin, potassium benzylpenicillin and 
procaine benzylpenicillin added (Agrovet 500.000, 
Novartis, Eurofarma Laboratórios, Brazil). For this 
study, 2 - 8 mm follicles were aspirated with an 18 
G needle on a vacuum pump and 1 and 2 quality 
oocytes were selected (LOOS et al., 1989).

In vitro maturation

The oocytes were matured in TCM 199 
medium with 10% estrous mare serum, 100 µg 
ml-1 epidermal growth factor (EGF), 50 µg/ml-1 LH 
(Lutropin, Bioniche, Ontario, Canada), 5 µg/ml-1

FSH (Folltropin, Bioniche, Ontario, Canada) and 
22 mg/ml-1 pyruvate. The oocytes were maintained 
in maturation medium (300 µl) for 22-24 hours in 
an incubator at 39ºC, in groups of 15 (1:20) or 30 
(1:10) oocytes according to the treatment described 
in experimental.
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In vitro fertilization

After the IVM period, the oocytes were washed 
in TCM HEPES and transferred to a dish containing 
300 µl FERT medium, which contained 6 mg ml-1

bovine serum albumin (BSA), 10 µg ml-1 heparin, 
20 µM penicillamine, 10 µg hypotaurine and 2 µM 
epinephrine.

The sperm were selected by separation using 
different Percoll density gradients, which included 
densities of 90, 60 and 30% (FOLCHINI et al., 
2012). Commercial semen from the Bos Taurus bull 
was utilized for the fertilization.

After the sperm selection, all treatments were 
inseminated with 2 x 106sptz/ml-1 in droplets of 
200 µL and co-incubated for 18 hours at 39ºC, with 
saturated humidity in 5% CO2.

Cytoplasmic maturation evaluation

Denuded oocytes were co incubated for 30 
min with Mitotracker Green FM (MT; Molecular 
Probes INC, USA), which was at a concentration 
of 250 nM in TCM 199 HEPES, and the oocytes 
were evaluated using a Àuorescence microscope 
with an excitation wavelength of 490 nm and 
anemission wavelength of 516 nm. For cytoplasmic 
maturation (CM), the mitochondrial reorganization 
assay method (STOJKOVIC et al., 2001) was used. 
Oocytes that presented homogenous mitochondrial 
dispersion and distribution in the cytoplasm were 
considered oocytes which underwent CM. Oocytes 
that had mitochondria in the peripheral cytoplasm or 
that had vacuoles in the cytoplasm were considered 
lacking mitochondrial organization.

Nuclear maturation evaluation

Denuded oocytes were incubated with 10 µg 
ml-1 bisbenzimide (Hoechst 33342) and evaluated 
using a Àuorescence microscope with an excitation 
wavelength of 365 nm and an emission wavelength 
of 410 nm. The oocytes that had the extrusion of 

the ¿rst polar body were considered oocytes which 
underwent nuclear maturation. The oocytes without 
the ¿rst polar body were considered immature.

Evaluation of the production of Reactive oxygen 
species 

After 24 hours of IVM, the oocytes were 
denuded, washed in TCM HEPES, transferred to 
100 µl Tris-HCl, pH 7.4 and stored at -20ºC. When 
all replications were ¿nished, the samples were 
evaluated. After the IVM period, reactive oxygen 
species levels in oocytes and in the maturation 
medium were determined by the spectroÀuorimetric 
method, utilizing 2’7’dichloroÀuorescein diacetate 
(DCHF-DA) (LOETCHUTINAT et al., 2005). The 
samples were incubated with 10 μl DCHF-DA (1 
mM) in the dark. The marker for ROS detection 
was DCHF-DA, which oxidizes to Àuorescent 
dichloroÀuorescein. The intensity emission of 
the Àuorescence was 520 nm, with an excitation 
wavelength of 480 nm, 30 minutes after DCHF-DA 
was added to the medium.

Evaluation of GSH levels and SOD activity

After 24 hours of IVM, the oocytes were 
denuded, washed once in TCM HEPES and three 
times in PBS Calcium and magnesium free. Groups 
of 15 oocytes were frozen in 60 µl PBS plus PVP 
at -20º C and thawed at room temperature for three 
times for total cell disruption (MATOS; FURNUS, 
2000). 

GSH levels were determined by the 
spectroÀuorimetric method (HASHIMOTO et al., 
2000; HISSIN; HILF, 1976), using o-phthalaldehyde 
(OPA) as the Àuorophore. The oocyte sample (10 
μl) was incubated with 10 μl of OPA (0.1% in 
methanol) and 180 μl of 0.1 M phosphate buffer 
(pH 8.0) for 15 min at room temperature in the 
dark. Fluorescence was measured with a Hidex 
Plate Chameleon V Multitechnology Plate reader 
(425-156 Model) at an excitation wavelength of 350 
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nm and at an emission wavelength of 420 nm. GSH 
levels were expressed as nmol GSH mL-1.

Superoxide dismutase activity was measured 
with a method that was based on the ability of 
SOD to inhibit the auto-oxidation of epinephrine 
to adrenochrome (CETICA et al., 2001). The color 
reaction can be monitored at 480 nm. One enzymatic 
unit (1 UI) is de¿ned as the amount of enzyme that 
is necessary to inhibit the auto-oxidation rate by 
50% at 26 ºC.

Evaluation of In vitro fertilization

After 18 hours of co-incubation of the oocytes 
and spermatozoa, fertilization was evaluated. For 
the evaluation, 10 µg ml-1 bisbenzimide (Hoechst 
33342) was utilized under an epiÀuorescent 
microscope, with the excitation wavelength at 
365 nm and with the emission wavelength at 410 
nm. The fertilization was evaluated by pronucleus 
formation, sperm penetration with or without 
decondensation and polysperm rates. Zygotes that 
had two pronucleus formation and extrusion of 
the second polar body or that had extrusion of the 
second polar body and one sperm in decondensation 
were considered fertilized oocytes.  Oocytes that 
had only one penetrated sperm were considered 
penetrated. Polyspermy was measured by two or 
more penetrated sperm.

Statistical analyses

The effects of oocytes density (1:10 or 1:20), 
oxygen tension (5% or 20%) and interactions were 
analyzed using a GLM procedure and the means 
were compared by Tukey’s test. Percentages of 
nuclear and cytoplasmic maturation status were 
based on the number of matured oocytes compared 
with the total number of evaluated oocytes. These 
data were analyzed by an ANOVA and Tukey’s test.  
For ROS production, an ANOVA and Tukey’s test 
were utilized to analyze the units of Àuorescence 
of oocytes and in the maturation medium.  All of 

the statistical analyses were performed with SAS/
IML software release 8.2 (SAS Institute Inc., 2001). 
The fertilization evaluation data were analyzed by 
Z-test. The level of signi¿cance was 5%. 

Experimental design

This study was performed in three experiments 
where bovine oocytes were matured under different 
oxygen tension (5 or 20%), which was associated 
with different densities of oocytes by the medium 
volume (1:10 or 1:20 oocyte per microliters). 
Experiment I was performed to evaluate the nuclear 
and cytoplasmic maturation of oocytes. Experiment 
II evaluated ROS production and the antioxidant 
system of the oocyte. Experiment III evaluated the 
in vitro fertilization. 

In all experiments, the oocytes were obtained from 
slaughterhouse bovine ovaries, which were selected 
according to Loss et al. (1989) and were randomly 
distributed in each treatment: Treatment 1:10/5% (1 
oocyte per 10 µl IVM medium in 5% O2); Treatment 
1:10/20% (1 oocyte per 10 µl IVM medium in 20% 
O2); Treatment 1:20/5% (1 oocyte per 20 µl of IVM 
medium in 5% O2); Treatment 1:20/20% (1 oocyte 
per 20 µl of IVM medium in 20% O2). 

Experiment I - Evaluation of nuclear and 
cytoplasmic maturation of in vitro matured oocytes 
under different oxygen tensions and oocyte densities

Nine replicates were performed for nuclear 
and cytoplasmic maturation assays (435 and 420 
oocytes, respectively). For each treatment, nuclear 
and cytoplasmic maturation evaluations were 
performed 24 hours after maturation.

Experiment II - Evaluation of ROS production in 
oocytes and in IVM medium, as well as the evaluation 
of the antioxidant system in in vitro matured oocytes 
under different oxygen tensions and oocyte densities

ROS production in oocytes and ROS accumulation 
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on IVM medium after 24 hours of maturation were 
evaluated using the spectroÀuorimetric method in 
420 oocytes (seven replicates). In all treatments, 
reduced glutathione and superoxide dismutase were 
also evaluated, using the spectroÀuorimetric method 
(GSH) and a method based on epinephrine auto 
oxidation (SOD), in 360 oocytes (six replicates).

Experiment III - IVF evaluation of in vitro matured 
oocytes under different oxygen tensions and oocyte 
densities

In this experiment, seven replicates of IVF 
oocytes (n=331) after 24 hours of IVM were 
examined to determine the inÀuence of these IVM 
systems on fertilization, penetration and polyspermy 
rates.

Results

Experiment I: Evaluation of nuclear and cytoplasmic 
maturation of in vitro matured bovine oocytes

The nuclear maturation rates did not differ 
statistically among treatments (1:10/5%=70.5±10.2%, 

1:10/20%=72.6±18.7%, 1:20/5%=67.2±13.2% and 
1:20/20%=68.18±13.3%). All the treatments had 
cytoplasmic maturation rates of approximately 70% 
(1:10/5%=71.0±12.3%, 1:10/20%=73.91±15.8%, 
1:20/5%=69.2±13.3% and 1:20/20%=72.03±12.1%). 
Similar percentages were obtained when nuclear and 
cytoplasmic maturation was evaluated. 

Experiment II: Evaluation of ROS production in 
oocytes and in IVM medium as well as the activity 
ofantioxidant systems inin vitro maturedoocytes

Production of reactive oxygen species 

The production of reactive oxygen species 
in oocytes matured in a 5% O2 atmosphere was 
higher than that of oocytes matured in a 20% O2

atmosphere (Fig. 1). Oocyte density by medium 
volume did not show any interference in oocyte 
ROS production. In contrast, ROS accumulation 
in the medium was higher in treatments with 
a density of 1 oocyte in 10 µl of IVM medium 
than that of 1 oocyte in 20 µl of IVM medium, 
regardless of the oxygen tension utilized during 
IVM (Figure 1).

Figure 1. Reactive oxygen species production in oocytes and in IVM medium after 24 hours of culture in 5 or 20%  
oxygen tension and 1:10 or 1:20 oocyte per microliters. 

* Percentage based on total of evaluated oocytes.
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Antioxidant system evaluation

There was no difference in the GSH levels and 
SOD activity (P>0.05). The levels of GSH in oocytes 
were 1:10/5% (7.43±1.42 nmol/ml-1), 1:10/20% 
(7.21±1.95 nmol/ml-1), 1:20/5% (7.48±0.89 nmol 
mL-1) and 1:20/20% (5.7±0.82 nmol/ml-1), whereas 
SOD activity was 1:10/5% (18.16±5.00UI), 
1:10/20% (19.46±3.00UI), 1:20/5% (23.64±4.23UI) 
and 1:20/20% (24.01±1.58UI). 

Experiment III: IVF evaluation of in vitro matured 
oocytes in different systems

Signi¿cant differences were observed among 
normal fertilization (NF), polyspermic penetration 

(PP) and normal fertilization plus normal penetration 
(PF). 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 when 5% 
oxygen tension was associated with high oocyte 
density (Table 1). The use of 20% oxygen tension 
associated with a lower oocyte density had higher 
polyspermic penetration rates than oocytes matured 
in 20% oxygen tension and high density. Normal 
penetration and normal fertilization data showed 
that the association of 20% oxygen tension with 
high oocyte density (1:10/20%) had higher rates 
than treatments 1:10/5% and 1:20/20%. However, 
the rates from treatment 1:10/20% were similar to 
treatment 1:20/5% (Table 1).

Table 1. Percentages of normal fertilization (NF), normal penetration (NP), polyspermic penetration (PP), and 
penetration plus fertilization normal (PF) for in vitro matured oocytes under different oxygen tensions (5% or 20%) 
and oocyte density media (1:10 or 1:20 oocyte per microliters).

Treatment
Oocytes evaluated NF NP PP PF

n n % n % n % n %
1:10/5% 88 16 18.1b 10 11.4 19 21.6ab 26 29.5b

1:10/20% 82 29 35.4a 11 13.4 11 13.4b 40 48.8a

1:20/5% 82 22 26.8ab 11 13.4 15 18.3ab 33 40.2ab

1:20/20% 79 17 21.5ab 6 7.6 22 27.8a 23 29.1b

ab Within a column, the means without a common letter differed (P < 0.05).

Discussion and Conclusion

In cattle, bene¿cial (HASHIMOTO et al., 
2000, 2009) and detrimental (CASTRO E 
PAULA; HANSEN, 2007; HANSEN, 2007; 
PINYOPUMMINTR; BAVISTER, 1995; WATSON 
et al., 2000) effects of low oxygen tension during 
IVM have been reported. Nevertheless, an optimal 
oxygen level for IVM has not been established, and 
the effect of the density of oocytes associated with 
oxygen tension has not been studied until now. 

Our results showed that the oxygen tension and 
density of oocytes during IVM did not affect the rate 
of nuclear maturation and cytoplasmic maturation. 

However, variations in the ROS production 
and fertilization rates of these oocytes were 
demonstrated, providing evidence of the inÀuence 
of these factors on in vitro fertilization. The nuclear 
and cytoplasmic maturation rates (70 and 71%) 
in Experiment I did not differ among treatments, 
which were independent of oxygen tension (5 or 
20%) or the oocyte density by medium volume 
(1:10 or 1:20), which indicated that, apparently, 
these systems of IVM did not affect the maturation 
process. Mingoti et al. (2011) demonstrated that 20% 
O2 tension during IVM improves rates of metaphase 
II. However, in most instances, only 30-35% of the 
matured oocytes reach the blastocyst stage, even 
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with this high rate of in vitro maturation (BLONDIN 
et al., 2002; RIZOS et al., 2002), indicating that 
others factors affect oocyte maturation and future 
embryonic development. Nuclear maturation and 
the reorganization of mitochondria are essential 
for successful fertilization; however, other factors, 
such as the reorganization of cortical granules and 
mitochondrial activity, must be analyzed to give 
conclusive oocyte maturation rates.

High oxygen tension (20%) in culture conditions 
may cause increases in the generation of ROS 
(FOWLER; CALLINGHAM, 1978; GUÉRIN et 
al., 2001; HASHIMOTO et al., 2000; YANG et al., 
1998). At physiological levels, ROS are bene¿cial 
for many cellular functions (GOUD et al., 2008). 
To control ROS production, cells have a defense 
system, which produces antioxidants. In Experiment 
II, we demonstrated that 5% oxygen tension 
produced more ROS in oocytes compared with 
20% oxygen tension, which was independent of the 
oocyte density utilized. The higher production of 
ROS under lower oxygen tension can be explained 
by the competition between oocytes and cumulus 
cells for the available oxygen (KIND et al., 2015; 
PINYOPUMMINTR; BAVISTER, 1995). In 
systems with low oxygen tension, cells may lack 
oxygen for energy generation, which causes an 
imbalance in ROS production and antioxidant 
defenses (SILVA et al., 2010). These data were 
con¿rmed when ROS production in IVM medium 
was evaluated. The system that had a higher 
concentration of oocytes per medium volume (1:10 
µl) accumulated more ROS than the systems that 
utilized lower oocyte density (1:20 µl), which was 
independent of the oxygen tension utilized. 

The maturation of bovine oocytes can be 
inÀuenced by oxidative stress, which affects the 
maturation process and can cause several cell 
damage (AGARWAL et al., 2006), such as abnormal 
DNA segregation, mutations, the inactivation of 
mitochondrial DNA, the synthesis or storage of 
abnormal proteins, or the modi¿cation of the lipid 
composition of the membrane (GOUD et al., 2008). 

According to Miyamura et al. (1995), GSH is 
synthesized during maturation, which increases in 
activity after IVM, whereas there is a decrease in 
SOD activity after maturation (CETICA et al., 2001). 
In Experiment II, such oxidative stress indicators 
were evaluated, which despite the increased 
production of ROS, these parameters did not change 
in the oocytes. Although there was an increased 
production of ROS in treatments with 5% O2, we 
cannot con¿rm that the levels that were found were 
suf¿cient to generate an oxidative stress because 
the GSH levels and SOD activity were not altered. 
In swine, low oxygen tension does not increase 
GSH concentrations (BING et al., 2002). The fact 
that parameters, such as nuclear and cytoplasmic 
maturation and antioxidant defenses (GSH and 
SOD), did not differ among treatments does not 
mean that there were no other changes in the oocyte 
because these parameters are only reduced after a 
series of biochemical events that may occur in cells, 
such as the action of ROS on the cell membrane. 
ROS may affect other systems of maturation, such 
as the reorganization of cortical granules and the 
activity of mitochondria for ATP generation, which 
are closely connected with the fertilization rate 
(SILVA et al., 2010). During IVM, the Ca++ release 
mechanisms are activated (WANG et al., 1997), and 
the reorganization of cortical granules is affected by 
oxidative stress (GOUD et al., 2008).

The polysperm rates were higher for the treatment 
that used 20% oxygen and low oocyte density, and 
which treatment presented lower ROS production, 
suggesting that the production of bene¿cial 
ROS may be insuf¿cient for the reorganization 
of cortical granules, which functions to avoid 
polyspermy (MARQUES et al., 2012; WESSEL et 
al., 2001). In experiment III, the fertilization and 
penetration rates were affected by the association 
of oxygen tension and oocyte density per medium 
volume. The results demonstrated that the 20% 
oxygen tension associated with 1:10 µl oocyte 
density was more bene¿cial than were the other 
treatments.  ROS production in 20% oxygen tension 
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was lower than that of 5% O2, and when oxygen 
tension is associated with a high oocyte density, 
the development of fertilization was not negatively 
affected by accumulated ROS on the IVM medium. 
In contrast, the lower oocyte density associated with 
a low oxygen tension did not affect the fertilization 
rates. The interaction of oxygen tension with factors 
that affect maturation, fertilization and embryo 
development, such as media and glucose during the 
IVM of bovine oocytes have also been observed 
in other studies (CASTRO E PAULA; HANSEN, 
2007; PEREIRA et al., 2010), corroborating with 
our ¿ndings.

The data obtained in the present study provide 
evidence of an interaction between oxygen tension 
and oocyte density during IVM, which inÀuences 
further in vitro fertilization processes. The 
interaction between oxygen tension and oocyte 
densities that were utilized during the IVM period 
did not affect the maturation rates analyzed in this 
study. Additionally, certain associations of these 
factors caused an increased production of ROS, 
which, in turn, affected the in vitro fertilization 
of bovine oocytes. Improved rates of IVF were 
obtained when IVM was conducted using 20% 
oxygen tension and high oocyte density (1:20 μl).
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