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Abstract

This study aimed to evaluate the effect of the force and duration of centrifugation and the impact of
cushioned centrifugation on sperm selection by Percoll gradient, on sperm quality and development
kinetics of in vitro produced bovine embryos. Two experiments were performed. In Experiment I, a pool
of semen was selected by Percoll gradients and the pellet was divided into four groups and distributed
in a 2 x 2 factorial, with two forces (2200 x g or 9000 x g) and two durations (1 min or 3 min) of
centrifugation. In Experiment II, semen was divided into two groups and selected by Percoll gradient
with Cushion Fluid (CF) or without CF (Control) in the second centrifugation. The morphofunctionality,
biochemical characteristics and fertilizing capacity of the selected sperms were evaluated. In addition,
the development of the resulting bovine embryos was monitored for 48 h post-insemination. Duncan
and Chi-square tests (P < 0.05) were used to compare the means. In Experiment I, there was a significant
increase in sperm vigor (P < 0.05) after sperm selection in all treatments. The force and duration of
centrifugation did not have any effect on sperm motility, vigor, and recovery rate among the different
treatments (P > 0.05). In Experiment I1, the recovery rate and reactive oxygen species (ROS) production
in semen were similar among treatments (P > 0.05) although a higher ROS production was observed
in the CF fertilization medium. Total fertilization rate was superior in the CF group (65.4 + 5.3%)
compared to that in Control (39.6 + 4.9%). However, the normal fertilization and cleavage rate did not
differ between the Control (94 = 6.3% and 58.3 = 8.3%) and CF (89 + 7.1% and 75.0 + 7.3%) groups.
The reduction in the force and duration of centrifugation did not decrease the sperm recovery during
selection by the Percoll gradient and the use of CF in the second centrifugation did not affect the normal
fertilization and development of bovine IVF embryos up to 48 h.

Key words: Bovine embryo. Cushion centrifugation. In vitro production. Percoll gradients. Sperm
recovery.
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Resumo

Esse estudo objetivou avaliar o efeito da forga e duragdo da centrifugag@o, e o impacto da centrifugagdo
amortecida na selegdo espermatica por gradientes de Percoll, na qualidade espermatica e cinética do
desenvolvimento de embrides bovinos produzidos in vitro. Dois experimentos foram realizados. No
experimento I, um pool de sémen foi selecionado por gradientes de Percoll e o pellet dividido em
quatro grupos e distribuido em um fatorial 2 x 2, com duas forgas (2200 ¢ 9000 X g) ¢ dois tempos (1
¢ 3 min) de centrifugagdo. No Experimento II, o sémen foi dividido em dois grupos ¢ selecionado com
(CF) ou sem CushionFluid (Controle) na segunda centrifugagdo. A morfofuncionalidade, caracteristicas
bioquimicas ¢ capacidade fecundante dos espermatozoides selecionados foram avaliadas. Além disso,
o desenvolvimento dos embrides bovinos resultantes foi monitorado por 48 horas pds-inseminagao.
Os testes Duncan ¢ Qui-quadrado (P<0,05) foram usados para comparar as médias. No Experimento I,
houve um aumento significativo no vigor apos a sele¢do espermatica para todos os tratamentos. A forga
¢ a duracdo da centrifugagdo ndo tiveram nenhum efeito na motilidade, vigor e recuperagao espermatica
entre os diferentes tratamentos (P > 0.05). No Experimento II, a taxa de recuperag@o ¢ a produgdo de
espécies reativas de oxigénio (EROs) no sémen foram similares entre os tratamentos (P>0,05), embora a
maior produg@o de EROs foi observada no meio de fecundagio do grupo CF. A taxa de fecundagdo total,
foi superior no grupo CF (65.4+5.3%) comparada com o Controle (39.6+4.9%). Entretanto a fecundagdo
normal e a taxa de clivagem ndo diferiram entre os grupos Controle (94+6.3% ¢ 58.3+8.3%) ¢ CF
(89+7.1% and 75.0+7.3%). A redugéo na forga e duragdo da centrifugagdo nao diminuiu a recuperagdo
espermatica durante a selecdo por gradientes de Percoll e o uso de CF na segunda centrifugacdo nio
influenciou a fecundacdo normal e o desenvolvimento de embrides bovinos PIV até 48 horas.

Palavras-chave: Centrifugagdo amortecida. Embrido bovino. Gradientes de Percoll. Produgéo in vitro.

Recuperagio espermatica.

Introduction

Semen centrifugation is used to concentrate the
spermatozoa of different species prior to freezing or
in sperm selection protocols for in vitro fertilization
(IVF). Although widely used, centrifugation has
been considered harmful to the sperm cell, which
may cause structural damage and result in decrease
of motility and IVF rate (SIEME et al., 2003;
MATAS et al., 2007). The Percoll gradient is the
most commonly used method in sperm selection
for in vitro production (IVP) of bovine embryos
because this technique has a higher sperm recovery
rate and has a shorter time of execution when
compared to other techniques. However, in the
Percoll gradient method, the semen is subjected to
two centrifugations that may reduce sperm viability.
Other methods of sperm selection, such as the swim-
up method reduce the use of centrifugation, but
this technique is still necessary to concentrate the
sample. Studies report that high centrifugal forces
often promote higher sperm recovery (WAITE et
al., 2008; LEN et al., 2010; GLORIA et al., 2016)

Some studies suggested that a reduction in the force
and duration of centrifugation could reduce sperm
damage and improve the sperm selection protocol
using Percoll gradient (GUIMARAES et al., 2014;
KIM et al., 2013). However, these studies evaluated
only the first centrifugation for sperm selection
disregarding the second centrifugation for sperm
concentration.

Considering that centrifugation can cause
irreversible damages to spermatozoa, a cushioning
method was developed during the centrifugation
of equine semen. In this method, a colloid such
as Cushion Fluid (CF) is added to the semen
during centrifugation, and a high centrifugal force
causes a strong adhesion of the sperm in the pellet
(MACPHERSON et al.,, 2001). Although some
studies have shown positive results with this
method for stallion (BLISS et al., 2012) and swine
semen (MATAS et al., 2007), there are no studies
evaluating the effect of cushioning for bovine
semen used for [IVF. Therefore, the aim of this study
was to evaluate the effects of the reduction in the
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force and duration of centrifugation on the recovery
rate and viability of bovine sperm selected by the
Percoll gradient, and to assess the use of CF during
the second centrifugation for sperm concentration
on the fertilization rate and development of bovine
IVF embryos.

Materials and Methods
Chemicals

Unless stated otherwise, all chemicals were
purchased from Sigma Chemical Co. (St. Louis,
MO, USA).

Experimental design

this
performed. In both experiments, frozen semen from

In research, two experiments were
two Bos taurus bulls with proven fertility was used.
The straws were thawed at 35 °C for 20 s and, semen
samples were pooled and then divided into equal
fractions. Prior to sperm selection (Pre-Percoll:
PP), all sperm samples were evaluated for motility,
vigor, concentration (Experiment I and II), and the
sperm morphology, integrity and, functionality of
the plasma membrane were examined (Experiment
I). In Experiment I (5 replicates), after the first
centrifugation of the Percoll gradient (90%,
60% and 30%), the pellet was divided into four
fractions and distributed in a 2 x 2 factorial design
experiment using two forces (9000 x g or 2200 x
g) and two centrifugation durations (1 min or 3
min) according to the following groups: T1/9000
(9000 x g/1%); T3/9000 (9000 x g/3%); T1/2200
(2200 x g/1°) and T3/2200 (2200 x g/3”). After
centrifugation, the motility, vigor and, sperm
recovery rate of the semen samples were evaluated
to determine the effects of the force and duration of
centrifugation. In Experiment II (5 replicates), after
the first centrifugation on the discontinuous Percoll
gradient (90%, 60%, and 30%), the pellet was

divided into two fractions and subjected to a second

centrifugation performed without CF (Control) or
with CF. After centrifugation, the semen samples
were evaluated to determine the effects of CF on
motility, vigor, sperm recovery rate, morphology,
integrity, and functionality of plasma membrane,
oxidative stress, fertilization rate, and kinetics
of embryonic development up to 48 hours post-
insemination (hpi).

Sperm quality assessment

Assessment of motility, vigor, concentration, and
sperm morphology

The percentage of motile sperm and vigor were
determined subjectively before and after each
treatment. An aliquot (5 pL) of semen was placed
on a pre-warmed glass-slide, overlaid with a cover
slip and examined under a bright-field microscope
at 100 x magnification. These evaluations were
performed by the same person. Sperm concentration
was determined with a hemocytometer at a 1:20
dilution. The results are presented as sperm cells
mL"and, the recovery rate was calculated according
to the formula: [(Final
concentration % final Volume) / (Initial concentration
x initial volume)] x 100 (MACHADO et al., 2009).

recovered sperm (%) =

In order to assess the sperm morphology, an
aliquot (10 pL) of fixed sperm suspension was
placed on a microscope slide, overlaid with a cover
slip and permitted to settle in a humidified chamber
for 2 min. A total of 200 sperm cells were assessed
and, the percentage of spermatozoa with abnormal
morphology was determined using phase-contrast
microscopy (1000 x magnification) based on a
method described by Barth and Oko (1989).

Assessment of the integrity and functionality of the
sperm plasma membrane

Sperm membrane integrity was assessed using
6-carboxy fluorescein diacetate (CFDA) and
propidium iodide (PI) as described by Harrison and
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Vickers (1990). An aliquot (5 pL) of the stained
suspension was placed on a slide, covered with a
coverslip and observed under an epifluorescence
microscope (400 X magnification). On each slide,
200 sperm cells were counted and classified as
having an intact or damaged plasma membrane.
Cells stained green with CFDA have an intact
membrane, whereas those stained red with PI were
deemed to have a damaged membrane. Sperm
membrane functionality was determined using the
hypo-osmotic swelling test (HOS), as described
by Lomeo and Giambersio (1991). The assay was
performed by mixing 10 uL of semen with 50 uL of
hypo-osmotic solution (100 mOsm) and incubating
at 37 °C for 45 min. A total of 100 cells were
evaluated in at least five different fields under 400 X
magnification. Spermatozoa with swollen or coiled
tails were denoted as HOS positive (HOS+).

Assessment of oxidative stress

Oxidative stress was evaluated by quantifying
the levels of ROS and glutathione (GSH), and
the activity of superoxide dismutase (SOD). ROS
levels were measured by a spectrofluorimetric
method (LOETCHUTINAT et al., 2005), where the
sperm was incubated in Tris-HCI in the presence
of 2’,7’-dichloro dihydrofluorescein diacetate
(DCHFDA) for 60 min at 37 °C in the dark. This
dye is a fluorogenic probe commonly used to detect
cellular ROS production. DCHFDA is a stable, cell-
permeable non fluorescent probe. It is de-esterified
intracellularly and becomes the highly fluorescent
2’,7’-dichlorofluorescein (DCF) upon oxidation.
The oxidation of DCHFDA to fluorescent DCF
was used to detect and measure the intracellular
ROS. The DCF fluorescence emission intensity
was recorded at 520 nm (with 480 nm excitation)
using a Shimadzu spectrofluorometer. ROS levels
were expressed in the arbitrary units of fluorescence
(UF).

The GSH levels were determined using a
spectrofluorimetric method as described by Hissin

and Hilf (1976) using O-phthalaldehyde (OPA)
as a fluorophore. The spermatozoa (10 pL) were
incubated with 10 pL of OPA (0.1% in methanol)
and 180 pL of 0.1 M phosphate buffer (pH 8.0)
for 15 min at room temperature in the dark. The
fluorescence was measured with a Hidex Plate
Chameleon V Multi-technology Platereader, model
425-156, at an excitation wave length of 350 nm
and an emission wave length of 420 nm. The GSH
levels were expressed as nmol mL"'. The activity
of SOD was determined as described by Misra
and Fridovich (1972). This method is based on
the ability of SOD to inhibit the auto-oxidation of
adrenaline to adrenochrome. The absorbance of the
color reaction was measured at 480 nm. One unit of
enzyme (1 IU) is defined as the amount of enzyme
required to inhibit the rate of auto-oxidation of
adrenaline to 50% at 26 °C.

In vitro embryo production (IVP)

Ovaries were collected immediately after
slaughter and transported to the laboratory in a
saline solution (0.9% NaCl) supplemented with
antibiotics (100 IU mL" penicillin and 100 pg
mL' streptomycin) maintained at 30 °C. Cumulus-
oocyte complexes (COCs) were aspirated from 2
- 8 mm diameter follicles using a 18 gauge needle
attached to a vacuum pump. Only those COCs with
a homogenous cytoplasm and at least three layers of
cumulus cells were used. Groups of 22 COCs were
allowed to mature in vitro within 150 pL-drops of
modified TCM-199 medium with 10% estrus mare
serum. This medium was supplemented with 5 ug
mL™! of porcine follicle-stimulating hormone, NIH-
FSH-P1 (Folltropin-V®, Bioniche Animal Health,
Ontario, Canada), 50 ug mL"' of porcine pituitary
luteinizing hormone, LH-P (Lutropin-V®, Bioniche
Animal Health), 100 pug mL"of human epidermal
growth factor (hEGF) and 22 ug mL'of pyruvate
and gentamicin. The COCs were cultured for 24 h
at 39 °C in a gaseous atmosphere with 5% CO, in air
and saturated humidity for in vitro maturation.
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An isotonic Percoll solution was used in the
preparation of 90%, 60% and 30% Percoll solutions
with modified Talp-Fert medium for sperm selection
(PARRISH et al., 1986). A discontinuous Percoll
gradient was created by layering 300 pL of each
solution into a microtube, starting with the 90%
Percoll solution at the bottom of the tube followed
by the 60% and 30% solutions. On the top of the
gradient, 200 pL of thawed semen was layered,
and the tubes were centrifuged for 5 min at 2200
x g (GUIMARAES et al., 2014). In Experiment I,
the pellets were suspended in 300 pL of Talp-Fert
medium and centrifuged at 9000 x g or 2200 x g
for 1 min or 3 min, depending on the treatment.
In Experiment II, the second centrifugation was
performed at 2200 x g for 1 min with or without
the addition of 150 pL of CF. Droplets containing
150 uL a modified Talp-Fert medium (PARRISH et
al., 1995), 22 ug mL™! pyruvate, 6 mg mL"' BSA,
10 ug mL" heparin, 20 uM mL"! penicillamine, 10
uM hypotaurine and 2 uM mL! epinephrine were
prepared in dishes under mineral oil for in vitro
CCOs fertilization (Day 0) with 2 x 10° sperm
cells mL™" The sperm and oocyte co-culture was
carried out at 39 °C in a gaseous atmosphere with
5% CO, in air and saturated humidity. For the
evaluation of fertilization, the potential zygotes at
18 hpi were stained for 15 min (1% Hoechst 33342
in PBS), washed with PBS containing 1 mg mL"!
polyvinylpyrrolidone, mounted on glass slides, and
examined under an epifluorescence microscope (400
x magnification). The fertilization was evaluated
by pronucleus formation. Oocytes that had one or
more spermatozoa with a decondensed head and the
presence of two or more pronuclei, fused pronuclei
or cleaved embryos were considered as markers for
total fertilization. Zygotes that had two pronuclei
or a fused nucleus were considered as normally
fertilized oocytes

The cumulus oophorus cells were removed by
successive pipetting for in vitro culture (IVC). The
IVC medium used was Synthetic Oviduct Fluid
with amino acids, citrate, and myoinositol (HOLM

et al., 1999). The embryos were individually
transferred to the microwells of a well-of-the-well
(WOW) culture dish (Primo Vision dish, Cryo-
Innovation Technologies, Hungary)
and cultured in groups under mineral oil at 39 °C
in a gaseous atmosphere with 5% CO, in air and
saturated humidity till 48 hpi. The WOW culture
dishes were placed on the stages of compact digital
inverted microscopes designed to be used inside
an incubator, and capable of automated time-
lapse analysis (Primo Vision time-lapse embryo
monitoring system, Cryo-Innovation Technologies,
Budapest, Hungary). Imaging frequency was set to
5 min. The embryos were individually evaluated 48
hpi for cleavage, moment of the first cleavage and
the number of cells.

Budapest,

Statistical analysis

The effects of the duration and force of
centrifugation, and the use of CF in the second
centrifugation on sperm motility, vigor, morphology,
integrity and, functionality of the plasma membrane
were analyzed using a one-way analysis of variance
(ANOVA) followed by the Duncan’s multiple
range test when appropriate. Recovery rate,
oxidative stress, fertilization rate and embryonic
developmental kinetics were analyzed by the chi-
square test. Values of P < 0.05 were considered to
be statistically significant.

Results

In Experiment I, the duration and force of
the second centrifugation in the Percoll gradient
method did not affect the sperm motility (P =0.281)
among treatments (T1/9000, T3/9000, T1/2200,
and T3/2200) and PP sample values. However, the
sperm vigor was similar (P> 0.05) among treatments
(T1/9000, T3/9000, T1/2200 and T3/2200) and
superior to PP sample values (P < 0.05). The sperm
recovery rate was similar among treatments (P =
0.348; Table 1).
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Table 1. Bovine sperm characteristics evaluated prior sperm selection (PP) and after the second centrifugation with

different forces and durations of centrifugation.

Sperm characteristics PP T1/9000 T3/9000 T1/2200 T3/2200
(9000 X g/1°) (9000 X g/3”) (2200 X g/1°) (2200 X g/3%)

Motility 70.0 76.0+5.3 76.1 +£5.5 74.0+5.5 70.0+7.1

Vigor 3.0° 42+04° 3.6+0.6° 3.8+£04° 34+0.6°

Recovery Rate - 40.6 £ 8.9 344+72 424+114 36.0+5.7

Data are expressed as mean = SD. *® Within a row, the values without a common letter differed (P < 0.05).

In Experiment II, the use of CF in the second
centrifugation of the discontinuous Percoll gradients
did not affect (P > 0.05) motility, vigor, and plasma
membrane integrity among treatments, and neither
treatment values were comparable to PP sample
values (Table 2). There was a significant decrease (P
<0.05) in the plasma membrane functionality in the
Control and CF samples compared to the PP samples.
Spermatozoa morphology was not influenced (P
> (.05) using CF in the second centrifugation, but
a significant decrease in the frequency of sperm
defects was observed in the Control and CF samples
when compared to PP samples (P <0.05). The sperm
recovery rate was similar between the Control and
CF groups (P> 0.05). ROS levels in semen were not

influenced by any treatment (P > 0.05). However,
there was a significant increase (P < 0.05) in ROS
levels in the fertilization medium when CF was
used (Table 2). The levels of SOD and GSH in
semen were similar between Control (35 + 6.1 IU
and 470 £ 152.7 mM, respectively) and CF groups
(30.5 £ 6.2 TU and 384 £ 117.8 mM, respectively).
Total fertilization rate was superior in the CF group
compared to the Control group (Table 3). However,
when normal fertilization was evaluated, there was
no difference between the Control and CF groups (P
> (.05). No differences in the cleavage rate, time of
first cleavage and cell number was observed among
treatments till 48 hpi (P > 0.05).

Table 2. Bovine sperm characteristics evaluated prior sperm selection (PP) and after the second centrifugation with
(CF) or without (Control) Cushion Fluid.

Sperm characteristics PP Control CF
Motility (%) 80.0 £ 10.0 78.0+£4.5 68.0+84
Vigor (1-5) 3.8+04 42408 4.0+0.7
Recovery Rate (%) - 42.0+4.9 38.6+3.6
Functional Plasma Membrane (%) 51.8+2.20 38.1+8.7° 3534+3.2°
Intact Plasma Membrane (%) 570+ 154 40.6 £21.1 61.6+144
Total Defects (%) 21.8+2.5° 12.6 £2.1° 104 £2.6°
ROS (UF)

Semen - 21.9+8.5 27.4+8.7
Medium - 30.9+9.3° 79.9 +£21.5°

Data are expressed as mean + SD. *® Within a row, the values without a common letter differed (P < 0.05).
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Table 3. Fertilization rate and embryonic developmental kinetics during in vitro fertilization using bovine sperm
selected by Percoll with (CF) or without (Control) addition of CushionFluid during the second centrifugation.

Treatments N Total Fertilization N Cleavage First Cell Number
Rate (%) (%) Cleavage(h) (n)*
Control 101 39.6+4.9° 36 58.3+8.3 33.9+1.31 3.1+0.36
CF 81 65.4+5.3 36 75.0+7.3 33.7+1.19 3.2+0.29

Data are expressed as mean = SD. * Cell number at 48 hpi (P < 0.05).

Discussion

Semen centrifugation is done with the spermatozoa
of different species to eliminate fractions of seminal
plasma and/or to concentrate sperm before artificial
insemination or cryopreservation (RIJSSELAERE
et al., 2002). It is additionally used for sperm
selection for in vitro production IVP. Regardless
of sperm selection method used, centrifugation is
required to concentrate the sperm sample in IVP.
Although several studies examine the effects of the
sperm selection method on sperm characteristics or
report possible damage caused by centrifugation
(DELL’AQUA JUNIOR et al., 2006; MACHADO
et al., 2009; GUIMARAES et al., 2014), there
are no studies evaluating the effect of the second
centrifugation performed during selection by Percoll
gradients. In this study, we were able to prove that
a lower duration (1 min) and force (2200 x g) in
the second centrifugation of Percoll gradient did not
reduce the sperm recovery rate.

The use of a colloid to protect sperm cells from
gravitational forces during the first centrifugation
has been reported to be successful in some studies
(MATAS etal., 2007; BLISS et al., 2012). Research
has reported the use of iodixanol as a density
gradient medium and cryoprotectant for bovine
semen (SARAGUSTY et al., 2009). In the present
study, the use of CF during the second centrifugation
of the Percoll gradient did not improve sperm
characteristics after selection, differing from the
results reported for equine and swine semen (BLISS
etal., 2012; MARTINEZ-ALBORCIA et al., 2013).
This could have been due to several factors such as

the reduced volume of semen and the centrifugation
time used in the present study. Unlike the protocols
for swine and stallions, it uses the cushioned
centrifugation for large volumes of ejaculate and
a longer duration of centrifugation (BLISS et al.,
2012; LEN et al., 2010; MATAS et al., 2007).
Therefore, this study reports for the first time, the
use of CF for the selection of cryopreserved bovine
semen. In addition, it is known that the reduction
in sperm viability after selection cannot always be
detected by evaluations performed immediately
that
alterations may decrease fertilization rates and/or
embryonic development (SHARMA; AGARWAL,
1996; KATKOV; MAZUR, 1998). The evaluation
of oxidative stress has been suggested to be an

after semen processing, showing such

important marker for sperm viability in humans
(AGARWAL et al., 2014), swine (RADOMIL et
al., 2011), stallions (BAUMBER et al., 2000) and
bulls (SIMOES et al., 2013). This is due to the fact
that it can help predict damage before the actual
morphological and functional damage occurs
in the sperm. In the present study, we evaluated
the production of ROS and the activity of two
antioxidants (SOD and GSH) in the semen after
sperm selection and in the fertilization medium after
co-culture of oocytes and spermatozoa. In recent
years, ROS production in the male reproductive
system has been recognized as a real concern due to
its deleterious effects when present at high levels in
the semen (SALEH; AGARWAL, 2002; BANSAL;
PARLE, 2011; TVRDA et al, 2011). Matas et
al. (2007) did not observe differences in ROS

production when using the cushioned centrifugation
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for boar semen. However, we observed that there
was a higher production of ROS in the fertilization
medium when CF was used, although there was no
difference among treatments with respect to ROS
production in the sperm. This result could have been
probably due to the possible removal of the cushion
medium along with the removal of the semen pellet
to be used in the IVF. Since, this technique demands
great operator ability due to the small size of the
columns and the difficulty in clearly seeing, such a
scenario is plausible.

The semen used in IVF can directly influence
fertilization rate and embryonic development
(WARD et al., 2001; SIEME et al., 2003; MATAS
et al., 2007). In the present study, a higher
fertilization rate was observed when CF was used
during the sperm selection. As sperm capacitation
may be a part of the oxidative process (AITKEN,
1999; O’FLAHERTY et al., 1999; ALI et al., 2003;
FUNAHASHI; SANO, 2005), the increase in
fertilization rates in the present study can be due to
a higher amount of ROS detected in the fertilization
medium in the CF group. However, as the antioxidant
level of gametes during fertilization seems to be
paradoxical, being positive for the surviving of
oocytes, but negative or positive for fertilization
depending on the balance between the amount of
ROS produced and eliminated (BLONDIN et al.,
1997; ALI et al., 2003; GONCALVES et al., 2010),
this difference was not sustained when considering
only the normal fertilization or the embryonic
development.

the
kinetics is an important means for the evaluation of

Monitoring embryonic  developmental
the in vitro culture system, oocyte competence, and
sperm capacity. Different studies (LONERGAN
et al., 1999; BARRETA et al., 2012) reported
that the moment of the first embryonic cleavage
is directly related to its capacity for future
development, suggesting that embryos that divide
more prematurely (up to 30 hpi) have better chances
to develop to the stage of blastocyst and result in

pregnancy. In this study, it was not possible to verify

the harmful effects of the CF on the moment of the
first cleavage and on the average number of cells at
48 hpi, indicating the absence of iodixanol toxicity.

Conclusion

The reduction in the centrifugal force to 2200 x
g and the centrifugation duration to 1 min during
the second centrifugation of the Percoll gradient
method did not reduce sperm motility, vigor and,
recovery. The use of Cushion Fluid during the
second centrifugation did not decrease the sperm
recovery rate, ROS levels, antioxidant defenses,
normal fertilization, and the development of bovine
embryos up to 48 hpi.
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