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Abstract

It is known that the basic variable in the cellular environment is temperature and low tempera-
ture decreases cellular metabolism rate. Also, low cellular metabolic activity reduces oxidative
stress, resulting in low ROS production. The aim of this study was therefore to investigate the
effect of 36.5°C (low) and 38.5°C (conventional) incubation temperatures during [IVM on gluta-
thione peroxidase activity of oocytes and blastocysts following fertilization. Bovine oocytes were
matured in medium-199 for 22 hours at either 36.5°C or 38.5°C and they were subjected
to in vitro fertilization (IVF). Putative zygotes were then transferred randomly into SOFaa
embryo culture media with or without antioxidant (a mixture of GSH and SOD) until develop-
ment to the blastocyst stage. Glutathione peroxidase enzyme (GSH-Px) activity was lower
(p<0.05) in oocytes matured at low temperature than those of conventional temperature.
Similarly, GSH-Px activity was lower (p<0.05) in blastocysts, which were obtained from
oocytes matured at low temperature and cultured in antioxidants-supplemented embryo media.
The GSH-Px activity of blastocysts, obtained from oocytes matured in low temperature, cultured
in antioxidants-free embryo media was similar to blastocysts obtained from oocytes matured
in conventional temperature, cultured in antioxidants-supplemented embryo media. The results
of the present study show that decreasing the in vitro maturation temperature decreases antioxi-
dant enzyme activity in both oocyte and blastocyst. Additionally, maturation of bovine oocytes
at 36.5°C incubation temperature may provide an optimal thermal condition for the enzymatic
antioxidant system of both oocytes and blastocyst.
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Introduction

For a long time, in vitro embryo production experi-
ments have been carried out in cattle, but this reproduc-
tive biotechnology technique is not yet satisfactory
to obtain sufficient quantity of good quality transferable
embryos (Pfeifer et al. 2008). In vitro production of bo-
vine embryo is affected by many factors (Camargo et al.
2000), but culture conditions of oocyte during in vitro
maturation is the most important factor for healthy
embryo production (Cetica et al. 2001). Various ap-
proaches (Cevik et al. 2011, Kocyigit et al. 2015, Sen
and Kuran 2018) have been employed to improve
maturation and developmental competence of bovine
oocytes following in vitro fertilization (IVF). Improved
in vitro maturation (IVM) competence in bovine
oocytes has been subjected in many investigations by
supplementation such as follicular fluid, co-culture
(Moulavi et al. 2006), growth factors or gonadotropic
hormones into IVM media (Cevik et al. 2011). Howev-
er, developmental competence of bovine oocytes not
only depends on the composition of the culture medium
but also incubation conditions such as gases tension,
humidity and temperature (Leese et al. 2008). IVM
of bovine oocytes is performed at 38°C to 39°C, as this
temperature is close to the rectal temperature in cattle
(Shi et al. 1998). However, previous studies reported
that the temperature in pre-ovulatory follicles is 1.5
to 2°C cooler than their adjacent stroma in cattle and
pig (Grondahl et al. 1996, Hunter et al. 1997, Hunter
et al. 2006). The existence of follicular cooling raises
the question of whether oocytes develop advanta-
geously at lower temperatures. Reduced temperature
may be required for successful oogenesis or oocyte
maturation, or for subsequent embryonic or fetal deve-
lopment (Hunter et al. 20006).

Intra cellular ATP production is realized as a result
of oxidative metabolism, but reactive oxygen species
(ROS), as one undesired by-product, are also produced
(Luvoni et al. 1996). The amount of ROS production
can vary depending on oxidative metabolism rate
and high metabolic activity increases amount of ROS
production (Sturmey et al. 2009). High amounts
of produced ROS cause cellular damage such as
inactivation of cellular enzymes, membrane lipid
peroxidation and DNA damages in embryo cells (Halli-
well and Gutteridge, 1998). Oxidative modifications
of cell components via ROS are one of the most poten-
tially damaging processes for proper cell function
(Luvoni et al. 1996). The presence of molecules and
cellular damage can trigger cell death in embryo
and damage drives an increase in nutrient turnover
to fuel repair processes or initiate apoptosis (Leese et al.
2008).

The role of ROS in IVM and its influence on later
embryonic development is controversial (Cetica et al.
2001). A physiological level of ROS may be indicative
of healthy developing oocytes (Combelles et al. 2009),
but the presence of excessive ROS can contribute
to the meiotic arrest of the oocyte (Cetica et al. 2001)
and embryonic developmental arrest, cell death and
apoptosis (Leese et al. 2008). In vitro embryo produc-
tion systems have developed mechanisms to control
ROS levels, including enzymatic (superoxide dismu-
tase, glutathione peroxidase, catalase) and non-enzy-
matic (a-tocopherol, ascorbic acid, B-carotene, and
glutathione) antioxidant agents (Camargo et al. 2006).
Superoxide anion and hydroxyl radical activity in em-
bryonic cells is scavenged by endogenous superoxide
dismutase to superoxide anion, and endogenous gluta-
thione peroxidase and catalase transform hydrogen
peroxide into water and oxygen in vitro (Luvoni et al.
1996, Cetica et al. 2001).

The extent of ROS damage to cell systems is depen-
dent on the balance between their production and
removal rates (Halliwell and Gutteridge 1998). Gene-
ration of ROS is an inevitable consequence of oxidative
reactions, but various antioxidant agents remove radical
species before they can cause significant damage in
in vitro embryo production systems. However, if meta-
bolic activity of in vitro-produced embryos can
be reduced, oxidative metabolism may be decreased,
resulting in low production of ROS. Thus, in vitro-pro-
duced embryos may not need the addition of antioxi-
dant agents against ROS in culture media. Also, these
embryos attempt to scavenge ROS with its antioxidant
mechanisms. Probably, establishment of in vitro envi-
ronmental conditions, which will not increase metabo-
lism of embryo, may eliminate necessity of supplemen-
tal antioxidant defense systems against ROS in culture
media in vitro. It was hypothesized that IVM at a tem-
perature that mimics the thermal environment of the
bovine pre-ovulatory follicles in vivo may provide
a better culture condition for optimum metabolic acti-
vity and for post-fertilization development of oocytes.
The aim of this study was therefore to investigate the
effect of low (36.5°C) and conventional (38.5°C) incu-
bation temperatures during IVM on glutathione peroxi-
dase enzyme (GSH-Px) activity of oocytes and embry-
os cultured in SOFaa media with or without antioxidant.

Materials and Methods

All chemicals and media used in this study were
purchased from Sigma-Aldrich, Turkey, except where
otherwise indicated.
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Collection and in vitro maturation of oocytes

Bovine ovaries were collected from a local slaugh-
terhouse and transported to the laboratory in 0.9% NaCl
(w/v) containing 0.1% v/v antibiotic-antimycotic solu-
tion (including 10.000 IU penicillin, 10 mg streptomy-
cin and 25 pg amphotericin B in per ml) at 32.8+1.4°C
within 3 h after slaughter. Cumulus-oocyte complexes
(COCs) were aspirated with an 18 gauge needle fixed
to a 10 ml syringe from follicles 2 to 8 mm in diameter.
COCs were collected in 3-4 ml of HEPES-buffered
medium-199 (Sigma, M7528) containing Earle’s salts
and supplemented with 1% v/v antibiotic-antimycotic
solution, 100 pg/ml L-glutamine and 5% v/v heat-inac-
tivated fetal calf serum (FCS). COCs were assessed
morphologically and only oocytes with compact, intact
cumulus cells around and homogeneous cytoplasm
were selected for maturation.

COCs were then washed three times in HEPES-buf-
fered medium-199 and twice in maturation medium.
Maturation medium was prepared as reported by Cevik
etal. (2011). Maturation medium was sodium bicarbon-
ate-buffered medium-199 (Sigma, M4530) containing
Earle’s salts and L-glutamine supplemented with
5.5 pg/ml sodium pyruvate, 1% v/v antibiotic-antimy-
cotic solution, 10% v/v heat-inactivated FCS, 5.0 ng/ml
LH, 0.5 pg/ml FSH and 10 ng/ml EGF. COCs were
separately placed in 500 pl of maturation medium
(approximately 25-35 COCs per well) covered with
300 pl mineral oil in four-well dishes (Nunc, Roskilde,
Denmark) and matured for 22 hour with humidified
5% CO, in air at 36.5°C (low) or 38.5°C (conventional)
incubation temperatures. At the end of maturation
period 50 % of COCs were completely denuded
of cumulus cells by vortexing and first polar body of
oocytes was evaluated. In vitro matured denuded
oocytes were washed 3 times in Ca** and Mg free PBS
supplemented with 1 mg/ml polyvinyl alcohol and were
stored in microtubes (approximately 25/ 10 pl) at -80°C
until enzyme activity analysis of GSH-Px.

Spermatozoa preparation and IVF

IVF of matured bovine oocytes was performed
as described by Sen (2015). Following maturation cul-
ture, the rest of COCs were washed twice in HEPES-
-buffered medium 199 and then twice in IVF medium.
The IVF medium was glucose-free modified TALP
supplemented with 25 mM bicarbonate, 22 mM Na-lac-
tate, 1 mM Na-pyruvate, 6 mg/ml fatty acid-free BSA,
10 mg/ml heparin-sodium salt and 0.5 pl/ml antibio-
tic-antimycotic  solution (adjusted pH 7.4 and
280-300 mOsm/kg). COCs were transferred into 48 pl
fertilization drops (approximately 15 COCs per drop)
covered with mineral oil. Frozen-thawed semen from

a single bull was used for the fertilization of oocytes.
Percoll density gradient system was used for the separa-
tion of the motile fraction of the frozen-thawed semen
as described by Sen and Kuran (2018). The sperm con-
centration was counted in hemocytometer using a phase-
contrast microscope at 400x magnification. Sperm was
then diluted to 50x10%ml spermatozoa with fertiliza-
tion medium. The sperm motility was visually checked
for acceptable motility (at least 80% progressively
motile). The oocytes were fertilized with 2 pl diluted
semen per fertilization drops for 22 h in a humidified
atmosphere of 5% CO, in air at 38.5°C.

In vitro culture

Following IVF, the putative zygotes were washed
three times in HEPES-buffered medium-199 and they
were vortexed 5 min to remove cumulus cells layer. The
denuded zygotes were washed twice in HEPES-buf-
fered medium-199 and then twice in synthetic oviduct
fluid (SOF) embryo culture media. The SOF embryo
culture media was supplemented with 40 pg/ml sodium
pyruvate, 8 mg/ml fatty acid-free BSA, 20 pl/ml MEM
non-essential amino acids solution (100x), 10 pl/ml
BME Amino Acids Solution (50x) and 0.5 pl/ml anti-
biotic-antimycotic solution on the day of use. The zygotes
were placed in 50 pl drops (approximately 15 zygotes
per drop) of SOFaa embryo culture media with or with-
out antioxidant (a mixture of ImM GSH and 1500 U
SOD) under mineral oil and cultured in a humidified
atmosphere of 5% CO,, 5% O, and 90% N, in air
at 38.5°C. In vitro fertilization was considered as 0 day.
Zygotes cleaved were recorded on day 3 of develop-
ment. Morula and blastocyst development were evalu-
ated on days 5 and 8, respectively. Embryos developed
to blastocyst were washed 3 times in Ca%* and Mg
free PBS supplemented with 1 mg/ml polyvinyl alcohol
and were stored in microtubes (approximately 5 blasto-
cyst/10 pl) at -80°C until enzyme activity analysis
of GSH-Px.

Determination of GSH-Px Activity

The freezing-thawing oocytes and blastocyst were
sonicated at SOW for 2 minutes for enzymatic extracts.
They were then centrifuged at 4°C and 10,000 g for
20 min. Supernatants were used to determine enzymatic
activity. GSH-Px activity of oocytes and blastocyst was
determined spectrophotometrically using a commercial
sensitive kit (GSH-Px Assay, Northwest Life Science
Specialties, LLC, and Vancouver, WA USA) as suggest-
ed by the manufacturer, which was based on the method
of Paglia and Valentine (1967) by coupling the oxida-
tion of glutathione and nicotine adenosine dinucleotide
phosphate (NADPH) using glutathione reductase.
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Table 1. Developmental competence of bovine embryos obtained from oocytes maturated at low (36.5°C) or conventional (38.5°C)

incubation temperatures.

Developmental competence of bovine embryos (%)

IVM condition (°C) Antioxidants*
Putative zygotes Cleavage Morula Blastocyst
- 116 69.4 +£2.02 38.7 £2.60 21.6 £3.47°
33 + 83 71.3+2.06 40.2+5.49 30.1 + 4.68
- 115 70.7 £2.46 39.6 +2.83 21.7 £1.89°
82 + 85 72.0 +2.45 41.7+2.67 29.4 + 3.66°

+b _ Different letters in the same row indicate significant difference (P<0.05).
* a mixture of ImM glutathione and 1500 IU superoxide dismutase, [IVM — in vitro maturation.

In this protocol, GSH-Px catalyzes the reduction
of hydrogen peroxide (H,O,), oxidizing reduced gluta-
thione (GSH) to form oxidized glutathione (GSSG).
GSSG is then reduced by glutathione reductase (GR)
and B-nicotinamide adenine dinucleotide phosphate
(NADPH) forming NADP+ (resulting in decreased
absorbance at 340 nm) and recycling the GSH. Because
GSH-Px is limiting, the decrease in absorbance
at 340 nm is directly proportional to the GSH-Px
activity. One unit of enzyme activity was defined
as 1 mmol of NADPH oxidized/min at room tempera-
ture. Specific activities were expressed as mmol
NADPH oxidized/min/mg protein or units/mg protein.
The analysis for each sample was duplicated.

Statistical Analysis

Effect of temperature during IVM and antioxidants
in embryo culture on developmental competence
of embryos was analyzed after arcsine-transformation
using the General Linear Model (GLM) of the SPSS
package program. Significant differences between
GSH-Px activity in oocytes and blastocysts were tested
using Duncan’s test. The results are presented as un-
transformed mean + SE values for developmental com-
petence of embryos, and statistical significance was
determined at the level of 0.05.

Results

Developmental competence of bovine embryos
obtained from oocytes matured at low or conventional
incubation temperatures and cultured in SOFaa with
or without antioxidants following fertilization are pre-
sented in Table 1. There were no significant differences
between embryos obtained from oocytes matured at dif-
ferent incubation temperatures and cultured in embryo
culture media with or without antioxidants in terms
of cleavage and morulae rates. Also, percentage of these
embryos developed to blastocyst stage was similar

in both oocytes maturation culture temperatures, but
supplementation of antioxidants into embryo culture
media increased (p<0.05) percentage of embryos deve-
loped to blastocyst stage in both oocytes maturation
culture temperatures.

The GSH-Px activity of in vitro matured bovine
oocytes, cultured at low or conventional incubation
temperatures, and its blastocysts, obtained following
IVF are present in Figs. 1 and 2, respectively. Bovine
oocytes matured at low incubation temperature had sig-
nificantly lower GSH-Px activity than those of oocytes
matured at conventional incubation temperature
(p<0.05). GSH-Px activity of blastocysts obtained from
oocytes matured at low incubation temperature was
significantly lower (p<0.05) than those of oocytes
matured at conventional incubation temperature. Blas-
tocysts from oocytes matured conventional incubation
temperature and cultured in antioxidants-free embryo
media have shown higher GSH-Px activity (p<0.05).
Additionally, supplementation of antioxidants into em-
bryo culture media decreased (p<0.05) GSH-Px activity
in blastocysts obtained from oocytes matured at both
incubation temperatures. However, antioxidants were
more effective in reducing GSH-Px activity in blasto-
cysts from oocytes matured at low incubation tempera-
ture compared to blastocysts from oocytes matured
at conventional incubation temperature (p<0.05).
Interestingly, GSH-Px activity of blastocysts obtained
from oocytes matured at low temperature and cultured
in antioxidants-free embryo media were similar with
blastocysts obtained from oocytes matured at conven-
tional temperature and cultured in antioxidants-supple-
mented embryo media.

Discussion

The present study demonstrates that application
of low (36.5°C) incubation temperature, which is repre-
sentative to the in vivo pre-ovulatory follicle tempera-
ture (Grondahl et al. 1996), during in vitro maturation
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Fig. 1. Glutathione peroxidase (GSH-Px) activity of in vitro matured bovine oocytes at low (36.5°C) or conventional (38.5°C) incubation
temperatures. The error bars represents the standard error of means and bars with different letters are significantly different at p<0.05.
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Fig. 2. Glutathione peroxidase enzyme (GSH-Px) activity of blastocysts obtained from in vitro matured bovine oocytes at low (36.5°C)
or conventional (38.5°C) temperatures and cultured with antioxidants or antioxidants-free embryo culture media after fertilization. The
error bars represents the standard error of means and bars with different letters are significantly different at p<0.05.

of bovine oocytes decreased GSH-Px activity oocytes
and its blastocysts following fertilization in vitro. More-
over, the culture of bovine oocytes in low incubation
temperature during in vitro maturation may eliminate
need to antioxidant supplementation in embryo culture
media following IVF due to similar GSH-Px activity
of its blastocysts obtained from conventional incuba-
tion temperature and antioxidant-doped embryo culture
media.

The environmental conditions of in vitro production
of bovine embryos are basic factors determining deve-
lopmental competence and viability of embryo (Camar-
go et al. 2006). Commercial in vitro maturation
of bovine oocytes is maintained at 38°C to 39°C culture
temperatures, which is close to the core body tempera-
ture in cattle (Shi et al. 1998). Previous studies reported
that pre-ovulatory follicles are approximately 1.5 to
2.0°C cooler than their adjacent stroma in pigs (Hunter
et al. 2006) and cattle (Grondahl et al. 1996). Hunter
et al. (1997) suggested that one approach to the contri-
bution of temperature in in vivo maturation of the
oocyte would be to undertake in vitro studies at tem-
peratures lower than those conventionally used. There-
fore, in the present study we chose oocyte maturation

culture temperature of 36.5°C as it was temperature
recorded in pre-ovulatory follicles in cattle (Grondahl
et al. 1996). Previous studies showed that low (36.5°C
or 37.0°C) or conventional (38.5°C or 39.5°C) incuba-
tion temperature during IVM had similar effect
on embryonic development until development to the
blastocyst stage in different farm animal species such
as cattle (Shi et al. 1998, Sen and Kuran 2018), buffalo
(Ravindranatha et al. 2003) and pig (Ye et al. 2007).
In the present study, embryos from oocytes matured
at either the pre-ovulatory follicle (low; 36.5°C) or con-
ventional incubation temperatures (body temperature
of cattle; 38.5°C) showed a similar development rate
until the blastocyst stage. However, antioxidant supple-
mentation (a mixture of GSH and SOD) increased ratio
of embryos developed to blastocyst, which was obtai-
ned from oocytes matured at both incubation tempera-
tures. These results show that different maturation cul-
ture temperatures did not affect the development
of embryos to the blastocyst stage after fertilization, but
the supplementation of antioxidants to the embryo cul-
ture increased the rate of embryos reaching the blasto-
cyst stage. Similarly, Luvoni et al. (1996), Uysal et al.
(2003) and Sen and Kuran (2018) reported that GSH
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and SOD supplementation improve embryo develop-
ment rate until the blastocyst stage.

The increase or decrease in the rate of a biological
or chemical system in response to a 10°C change
in temperature, which is defined as the Q10 temperature
coefficient, is between 2- and 3-fold. Therefore, incuba-
tion temperature applied to oocyte maturation, fertiliza-
tion, and embryo in vitro cultures may affect oocyte and
embryo metabolism rate. In this context, McEvoy et al.
(2000) suggested that commercial in vitro maturation
technology is using an incubation temperature, which
doesn’t mimic the thermal condition of pre-ovulatory
follicles in vivo. This is why conventional incubation
temperature applied during in vitro oocytes maturation
has been set to reflect the core body temperature. How-
ever, it is known that the temperature of the maturing
oocyte’s follicular environment is 2-3°C lower than the
stroma of the ovary (Grondahl et al. 1996, Hunter et al.
1997, Hunter et al. 2006). There is no data on the direct
effects of conventional culture temperature (core body
temperature) on oocyte and embryo metabolic activity
and antioxidant mechanisms of in vitro bovine embryo
production systems. However, in the present study,
maturation of oocytes at low (36.5°C) incubation tem-
perature decreased GSH-Px activity, contrarily conven-
tional (38.5°C) incubation temperature increased
GSH-Px activity. These results may indicated that low
incubation temperature (38.5°C), which represents
pre-ovulatory follicles temperature, decrease oxidative
metabolism due to low metabolic activity of bovine
oocytes. GSH-Px converts ROS such as superoxide
anion and hydroxyl radical into water and molecular
form of oxygen (Luvoni et al. 1996, Cetica et al. 2001).
Especially, in mammalian cells it plays a critical role
to protect them from oxidative stress (Misra and
Fridovich 1972). The antioxidant defense system of the
cell may be affected due to changes in GSH-Px activity
as well as have an impact on the cell’s metabolic acti-
vity (Gudmundsdéttir et al. 2008). Moreover, low
activity of GSH-Px can increase the amount of reduced
gluthatione and allow a rise in ROS concentrations and
oxidative stress (Yanar et al. 2011). It is known that the
enzymatic antioxidant GSH-Px is starting to be tran-
scribed from the early embryonic stage to blastocyst
stage (Lee et al. 2001). GSH-Px mRNA was shown
to be expressed highly from blastocyst stage (Harvey
et al. 1995). Unfortunately, observations regarding the
production level of ROS, metabolic activity level, and
gene expression level of GSH-Px were examined in nei-
ther oocytes nor blastocysts in the present study, but it
can be expected that data on GSH-Px activity would
correspond to a given situation, because of the low
GSH-Px activity in oocytes, which were matured in low
incubation temperature, and blastocyst derived from it,

indicating that ROS production would have decreased.
Moreover, low incubation temperature during matura-
tion culture may decrease metabolic activity of oocytes
and in subsequent development stage following fertil-
ization and low metabolic activity of oocytes or embryos
develop to blastocyst stage may lead to drop in ROS
production and it may cause decrease in GSH-Px acti-
vity in both the maturation and embryonic development
process. Hence, oocyte and early embryo function
at a lower temperature could encourage the expression
of a low metabolism than core body temperature in
in vitro (Leese et al. 2008).

In conclusion, bovine oocytes have completed matu-
ration process when cultured at 36.5°C and they have
shown similar degree of developmental competence
to the blastocyst stage following IVF compared to
counterparts cultured at conventional (38.5°C) tem-
perature. Moreover, bovine oocytes matured at low
incubation temperature exhibited low glutathione per-
oxidase enzyme activity. Similarly, blastocysts obtained
from oocytes matured at low incubation temperature
had low glutathione peroxidase enzyme activity. These
results may suggest that application of pre-ovulatory
follicle temperature during in vitro oocyte maturation
may provide better thermal conditions for the enzyma-
tic antioxidant system of both oocytes and blastocyst
after fertilization.
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