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Abstract
Influence of both the presence of a corpus luteum on the ovary and semen sex-sorting on development following in vitro
fertilization is not yet conclusive. To determine the effect of these factors, 376 bovine oocytes were processed in vitro according
to luteal presence on the ovary (CL+ and CL−) and type of semen used (sexed or conventional). Maturation rate was higher
(P < 0.01) in CL− (136/138; 98.6%) than in CL+ (217/238; 91.2%). Cleavage rate was lower (P < 0.01) in CL+with sexed semen
(60/172; 34.9%) than in CL− with sexed semen (42/71; 59.1%), CL+ with conventional semen (47/66; 71.2%), and CL− with
conventional semen (54/67; 85.1%). Compaction was similar (P = 0.69) in CL− (49/99; 49.4%) and CL+ (50/107; 46.7%).
Blastulation rate was higher (P < 0.01) in CL− (26/99, 26.2%) than in CL+ (13/107; 12.1%) group. Expansion rate was higher
(P = 0.01) in CL− (22/99; 22%) than in CL+ (11/107; 10.2%) group. Compaction rates were similar (P = 0.78) in sex-sorted (50/
102; 49.0%) or conventional semen (49/104; 47.1%) groups. Blastulation was also similar (P = 0.91) with sex-sorted semen (19/
102; 18.6%) and conventional semen (20/104; 19.2%). The rate of expanded blastocysts was similar (P = 0.89) in sex-sorted (16/
102; 15.6%) and conventional (17/104; 16.3%) semen groups. In conclusion, the presence of CL can compromise maturation of
the oocytes and their development, as a higher proportion of cleavage-stage embryos can be obtained with non-sexed semen with
oocytes from ovaries without a CL.
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Introduction

Embryo production by in vitro fertilization (IVF) of bovine
embryos includes oocyte maturation, sperm capacitation
followed by fertilization, and embryo culture. Oocyte matura-
tion and sperm capacitation and fertilization are generally ac-
complished at approximately 24 and 48 h after oocyte collec-
tion, respectively, while embryo culture requires approximate-
ly 7 days. Oocytes can be obtained either by follicular aspira-
tion in live cows and heifers or by using ovaries from abattoirs

(Rehman et al., 2001). The early embryonic development in-
cludes cleavage, compaction, blastulation, expansion, hatch-
ing, and elongation. These events are essential for the success-
ful establishment of a pregnancy (Peippo et al., 2011), which
can be achieved upon transferring an in vitro-produced em-
bryo. The capacity of an egg to generate an embryo largely
depends on the developmental competence acquired around or
before final maturation inside the follicle (Sirard et al., 2006;
Mermillod et al., 2008; Zhang & Smith, 2015). In turn, the
follicular environment is influenced by the overall hormonal
levels of the animal, as well as the structural and functional
status of the ovary (Lucy, 2001; Britt, 2008).

Inconsistent results have been previously reported regard-
ing the effect of the presence of a corpus luteum (CL) on
oocyte maturation and its subsequent development after
fertilization in many species. Islam et al. (2007) concluded
that caprine ovaries without a CL yield an increased number
of high-quality oocytes than those with a CL. On the other
hand, Aggag et al. (2017) reported that the presence of a CL
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does not affect cleavage, compaction, or blastulation rates in
camelids. In contrast, Quezada-Casasola et al. (2018) reported
a lower maturation rate of bovine oocytes originated from
ovaries with a progesterone-producing CL, which was sug-
gested to exert its negative effect by a paracrine mechanism
on the oocyte. On this regard, some authors report contradic-
tory results, stating that progesterone allows the follicle to be
exposed for a long period to low-amplitude pulses of LH
resulting in better quality oocytes (Pfeifer et al., 2009;
Penitente-Filho et al., 2014; Penitente-Filho et al., 2015). It
is possible that in addition to that LH pulse effect, the presence
of a CL and its progesterone can exert a paracrine effect on the
development of the follicle, which could explain the differ-
ences observed in quality of oocytes from ovaries with or
without a CL (Vassena et al., 2003). In addition, a local effect
of the presence of a CL and the corresponding vascularity of
the ovary seems to be related to oocyte quality, as the intensity
of the angiogenic process reaches its peak in 2 or 3 days after
the rupture of the follicle, which increases the blood flow with
a proper hormonal environment for the developing follicles
(Penitente-Filho et al., 2014). Furthermore, Silva and Knight
(2000), Shimada and Terada (2002), and Hajarian et al. (2016)
concluded that the presence of progesterone or corpora lutea
on the ovary may have a negative effect on the developmental
competence of oocytes, since cumulus-oocyte complex
(COC) structures coming from ovaries with a CL yielded low-
er cleavage and blastulation rates after IVF with non-sexed
(conventional) semen, when compared with those gametes
from ovaries without any CL. However, several reports sug-
gest a potential detrimental impact of sperm sorting on embry-
onic development after IVF (Palma et al., 2008; Blondin et al.,
2009). In relation to that, it is not yet clear the influence of the
type of semen, sexed or conventional, on the outcome of em-
bryos generated upon IVF of oocytes originated from ovaries
of different status, depending on the occurrence of a CL.
Therefore, the objective of the present study was to determine
the effect of the presence of corpora lutea on bovine oocyte
maturation and their ability to reach cleavage, compaction,
blastulation, and expansion stages following IVF either with
conventional or sexed semen.

Materials and methods

Except when otherwise stated, all culture media used in the
present study were serum-free ready-to-use media from IVF
Bioscience (Falmouth, UK) for bovine embryo production
and were used according to the manufacturer’s instructions.

COCs were harvested from ovaries that showed activity,
according to the visual detection of Graafian follicles or an
active CL. A CL was considered actively producing proges-
terone when it measured ≥ 10mm in diameter, as described by
Kastelic et al. (1990). Ovaries were collected from non-

pregnant mature Holstein cows slaughtered at a local abattoir
in Ciudad Juárez, Mexico, and were placed in one of two
containers filled with 0.9% (w/v) saline solution at 35 °C.
Ovaries with at least one CL were placed in one container
(CL+ group), while ovaries without CL were placed in the
other (CL− group). Ovaries were transported to the laboratory
under the same controlled temperature within 3 h after collec-
tion and upon arrival were washed twice with warm saline
solution. Ovaries were kept separated according to the pres-
ence or absence of CL at all times.

Immature COCs were collected from all antral follicles of
2–8 mm in diameter using 10-mL syringes and 18- or 20-
gauge hypodermic sterile needles. Aspirated follicular fluid
from ovaries of CL+ and CL− groups was placed separately
into 10-cm previously warmed squared gridded search dishes.
A total of 747 COCs were obtained and only those with
completely homogeneous or homogeneous with slightly irreg-
ularly colored cytoplasm and ≥ 5 layers of compact cumulus
cells around the oocyte (scoring categories 1 and 2; Stojkovic
et al. 2001) were selected out of the CL+ (n = 238) and CL−
(n = 138) groups. COCs obtained from CL+ and CL− ovaries
were handled separately at all times.

After visual selection, CL+ and CL− COCs were washed
twice in warm BO-Wash medium and once in BO-IVM mat-
uration medium. Afterwards, COCs were transferred to BO-
IVM medium (at a density of 50 COCs per 500 μL pre-
equilibrated in a 6% CO2 atmosphere medium ≥ 2 h) and
matured at 38.5 °C in 6% CO2 with humidified atmospheric
air (21% O2) for 22 h. Maturation of COCs was assessed by
determination of the expansion of their cumulus cells, as it
was considered when at least few morphological changes in
the distribution of the cumulus cells of each COC were ob-
served (Zhang et al. 2010; Caixeta et al. 2013).

After maturation, COCs were washed once in warm IVF
medium and then transferred to 400 μL of BO-IVF (pre-equil-
ibrated in a 6% CO2 humidified atmosphere, ≥ 2 h). In the
present study, 250-μL sex-sorted and 500-μL conventional se-
men straws from previously selected and proven for (IVF) bulls
were used. Straws were thawed at 37 °C for 30 s and sperm
motility in a sample of each one was evaluated using the
AndroVision® software (Minitube, Tiefenbach, Germany)
and a computer-assisted sperm analysis (CASA) system.
Straws containing sexed semen had a concentration ≥ 1 ×
106 cells/mL after thawing and straws containing conventional
semen had a concentration of ~ 5 × 106 cells/mL after thawing.
Each semen dose was washed twice by centrifugation at 328g
for 5 min in BO-Semen Prep (previously warmed at 37 °C; 2
and 4 mL for 250-μL and 500-μL straws, respectively). The
supernatant was removed both times, leaving approximately
350 and 700 μL of semen suspension for 250- and 500-μL
straws, respectively. All COCs were inseminated with the cor-
responding volume of the final semen solution, in order to get a
final sperm concentration of 2 × 106 cells/mL in IVF wells
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(containing 400 μL of BO-IVF each). A total of 172 CL+ and
71 CL− COCs were inseminated with sex-sorted semen and a
total of 66 CL+ and 67 CL− COCs were inseminated with
conventional semen (establishing four experimental groups:
CL+ with sex-sorted semen, CL− with sex-sorted semen,
CL+ with conventional semen, and CL− with conventional
semen). In all four groups, spermatozoa were co-incubated with
the corresponding matured COCs in BO-IVF medium (pre-
equilibrated in 6% CO2 atmosphere ≥ 2 h) for 22 h at 38.5 °C
in a 6% CO2 humidified (21% O2) atmosphere.

Presumptive zygotes of each group were transferred from
BO-IVF to BO-Washmedium. Structures were denuded using
a vortex mixer (Barnstead International, Dubuque, IA) for
approximately 2 min or until they appeared free of their sur-
rounding cumulus cells. Afterwards, the denuded presumptive
zygotes were washed in BO-Washmedium, rinsed in BO-IVC
culture medium, and cultured in 500 μL of BO-IVC culture
medium with a 400-μL BO-Oil overlay in a humidified atmo-
sphere containing 88% N2, 6% CO2, and 6% O2 at 38.5 °C.
Cleavage was considered when at least two cells were ob-
served in a single structure during a period of 48 h after the
fertilization period; compaction when the cells of the embryo
changed from a spherical to a polygonal shape (day 5 after
fertilization); blastulation when a clear-colored cavity was ob-
served in the embryo (blastocoel) at day 6 after fertilization;
and expansion when an increase in diameter resulting in thin-
ning of the zona pellucida was observed (days 7 to 8 after
fertilization; Peippo et al., 2011).

All statistical analyses were carried out using the SAS soft-
ware (9.0; Statistical Analysis System Institute Inc., Cary,
NC). Proportions of matured COCs obtained from CL+ and
CL− ovaries (COCs with expanded cumulus cells out of the
total COCs used in each group) were compared with chi-
square or Fisher’s exact tests using the FREQ procedure.
Proportions of categorical data of cleavage (number of embry-
os with an initial cellular division out of the total COCs in each
group), compaction (number of compacted morulae out of the
total cleaved embryos in each group), blastulation (number of
blastocysts out of cleaved embryos in each group), and expan-
sion (number of expanded blastocysts out of the total cleaved
embryos in each group) were analyzed initially using the
LOGISTIC procedure with a model that included sex-sorted
or conventional semen and COCs from CL+ or CL− ovaries
as main effects, as well as their interaction. Whenever no
interactions were observed, the model was reduced and only
the main effects were considered. Values were considered
significant when P < 0.05.

Results

In the statistical analysis of the proportions of compaction,
blastulation, and expansion of embryos, no interaction

between the type of semen used (sex-sorted or conventional)
and the ovarian status regarding presence or absence of a CL
was observed (P = 0.84, 0.73, and 0.60 for CL+ with sex-
sorted semen, CL− with sex-sorted semen, CL+ with conven-
tional semen, and CL− with conventional semen, respective-
ly). Therefore, the interaction between luteal status of the ova-
ries and the type of semen used was removed from the original
statistical model for these variables. Structures in the CL+
with the sex-sorted semen group showed the lowest propor-
tion of cleavage (60 out of 172; 34.9%), when compared with
CL− with sex-sorted semen (42 out of 71; 59.1%), CL+ with
conventional semen (47 out of 66; 71.2%), and CL− with
conventional semen (54 out of 67; 85.1%) groups, and a sig-
nificant interactive effect of presence of a CL with sex-sorted
semen was observed (P < 0.01). Therefore, the original statis-
tical model for this variable was not modified. Proportions of
embryo development in all experimental groups after the com-
bined effects of luteal status and type of semen are shown in
Table 1. Proportions of COC maturation, as well as compac-
tion, blastulation, and expansion of embryos originated from
ovaries with or without a CL as a main effect, are shown in
Table 2. A higher proportion (P < 0.01) of maturation of oo-
cytes, as determined by the observation of expansion of their
cumulus cells, was observed in the CL− group (136 out of
138; 98.6%), when compared with the CL+ group (217 out
of 238; 91.2%). Similar compaction rates (P = 0.69) were ob-
served in both CL− (49.4%) and CL+ (46.7%) groups (49 out
of 99 and 50 out of 107, respectively). Embryos in the CL−
group had a higher proportion (P < 0.01) of blastulation (26
out of 99; 26.2%) than those in the CL+ group (13 out of 107;
12.1%). Finally, 22 out of 99 blastocysts in the CL− group
showed expansion (22.2%), which was higher than the 10.2%
observed in the CL+ group (11 out of 107; P = 0.01).

Proportions of compaction, blastulation, and expansion of
embryos obtained from oocytes fertilized with conventional or
sex-sorted semen as a main effect are shown in Table 3.
Similar compaction rates (P = 0.78) were observed when ei-
ther sex-sorted (50 out of 102; 49.0%) or conventional (49 out
of 104; 47.1%) semen was used for fertilization. Moreover,
the proportion of blastulation was similar (P = 0.91) in the
sex-sorted semen group (19 out of 102; 18.6%) when com-
pared with the conventional semen group (20 out of 104;
19.2%). In addition, the proportion of expanded blastocysts
was similar (P = 0.89) in sex-sorted (16 out of 102; 15.6%)
and conventional (17 out of 104; 16.3%) semen groups.

Discussion

To our knowledge, no studies have been published so far that
include the use of sexed or conventional semen and the pres-
ence or absence of a CL as combined factors that may influ-
ence embryo production in vitro. These may be useful criteria
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to consider in in vitro embryo production programs, given the
fact that, currently, sexed semen is increasingly used and the
search for more competent oocytes is constant. The increased
rate of maturation of oocytes in the CL− group in the present
study is consistent with results from Quezada-Casasola et al.
(2018), who observed higher cumulus expansion in COCs
from CL-absent ovaries. Discrepancies concerning the effect
of the CL on oocyte developmental competence have been
reported, as it has been proposed that as a CL is formed, the
vascularity of the ovary increases and as this angiogenic pro-
cess increases the blood flow, a proper amount of hormones
and nutrients is available to the developing follicles, which
increases oocyte quality (Penitente-Filho et al., 2014).
Conversely, it has been reported that the new blood vessels
formed for CL during its formation provide it with greater
blood flow, which is needed for the subsequent progesterone
synthesis, compared with other ovarian tissues, including fol-
licles (Shabankareh et al., 2013). This decrease in blood
reaching a developing follicle results in a decreased supply
of pituitary gonadotropins and other substances needed for
the proper development of the oocyte and the follicle. This
mechanism may affect later egg maturation, as well as the
subsequent embryonic developmental competence and quality
(Acosta and Miyamoto, 2004). Another interesting mecha-
nism that has been involved in the quality of the oocyte output
is the one proposed by Contreras-Solis et al. (2008), who
reported the existence of an intraovarian effect of the CL, with
a greater decrease in the number of follicles reaching a large

size in the ovary ipsilateral to that CL. These same results,
which support those obtained by Bartlewski et al. in ewes
(Bartlewski et al. 2001), indicate the existence of local inhib-
itory factors produced by the CL, rather than an effect of
changes in gonadotrophin release similarly to inhibin, which
is widely known to be secreted by the CL and to affect follic-
ular size, growth rate, and oocyte competence (Shabankareh
et al., 2015). A higher proportion of viable oocytes in the
ovaries without a CL was also obtained by Peralta-Torres
et al. (2017), who indicate that this was due to a better follic-
ular environment as a result of a greater concentration of go-
nadotropins and other factors due to the lack of progesterone
and inhibin secreted by the CL.

In relation to the potential paracrine effects that the CL can
exert on the oocyte and the resulting embryo, receptors for
both progesterone and estrogen have been found in cells from
developing follicles (Özdemir and Çomaklı, 2018; Terzaghi
et al., 2018). It is important to note that progesterone sup-
presses LH pulse frequency, which is critical for both follicle
and oocyte development prior to maturation (Contreras-Solis
et al., 2008). Interestingly, high progesterone levels are related
to a decrease in estradiol production (Santos et al., 2009),
whereas levels of this last hormone around final maturation
time positively correlate with developmental competence
(Heidari et al., 2019). Regarding cleavage of in vitro-insemi-
nated oocytes, Rizos et al. (2002), Vassena et al. (2003),
Sirard et al. (2006), and Mermillod et al. (2008) suggested
that the capacity to attain the first mitotic division reflects

Table 1 Proportions of cleavage, compaction, blastulation, and expansion of blastocysts resulting from oocytes from ovaries with or without a corpus
luteum and fertilized with conventional or sex-sorted semen

Corpus luteum on the ovary and type of semen used

Parameter CL+ sex-sorted CL− sex-sorted CL+ conventional CL− conventional P value

Cleavage 60/172 (34.9%)c 42/71 (59.1%)b 47/66 (71.2%)b 57/67 (85.1%)a < 0.01

Compaction 29/60 (48.3%)a 21/42 (50.0%)a 21/47 (44.7%)a 28/57 (49.1%)a 0.95

Blastulation 8/60 (13.3%)a 11/42 (26.2%)a 5/47 (10.6%)a 15/57 (26.3%)a 0.12

Expansion of blastocysts 7/60 (11.7%)a 9/42 (21.4%)a 4/47 (8.5%)a 13/57 (22.8%)a 0.13

Different superscripts within the same row indicate differences (P < 0.05)

Table 2 Maturation, compaction,
blastulation, and expansion rates
resulting from bovine oocytes
coming from ovaries with or
without a corpus luteum

Corpus luteum on the ovary

Parameter Present (CL+) Absent (CL−) P value

Expansion of cumulus cells 217/238 (91.2%)a 136/138 (98.5%)b < 0.01

Compaction 50/107 (46.7%)a 49/99 (49.4%)a 0.69

Blastulation 13/107 (12.1%)a 26/99 (26.2%)b < 0.01

Expansion of blastocysts 11/107 (10.2%)a 22/99 (22.2%)b 0.01

Different superscripts within the same row indicate differences (P < 0.05)

Trop Anim Health Prod

Author's personal copy



the intrinsic competence acquired by the egg during
folliculogenesis rather than the effect of in vitro culture. The
increased cleavage rates observed in CL− oocytes support the
idea that the oocyte developmental competence could be neg-
atively affected, not only during maturation but also through
fertilization, cleavage, and further development by the
presence of a CL. In agreement, Hajarian et al. (2016) also
detected higher cleavage following IVF of eggs obtained from
ovaries where a CL was absent. Therefore, the suppressive
effect of progesterone from the CL on the viability of domi-
nant follicles suggested by Contreras-Solis et al. (2008) may
also exert its actions throughout fertilization and embryonic
development.

In the current study, it was found a surplus in blastocyst
formation upon IVF of oocytes from the CL− group. This is
coincident with previous research where a greater blastocyst
rate was generated from eggs extracted from bovine ovaries
lacking a CL (Shabankareh et al., 2015). It must be underscored
that the ability of blastocysts to form, and subsequently expand
in vitro within 7–8 days post-insemination, is a major factor to
establish a pregnancy following transference in cattle (Kubisch
et al., 2004; Hoelker et al., 2006; Peippo et al., 2011). As can be
seen in results from the present study, blastulation and expan-
sion rates generated by IVF of oocytes obtained from ovaries
with a CL are lower than those from the CL− group. Such
observation supports the idea that the capacity to sustain early
embryonic development is influenced by the follicular status
from which the oocyte is obtained, as described by Sirard
et al. (2006) and Shabankareh et al. (2015). In this way, oocytes
coming from follicles at the dominant phase that are under the
influence of high concentrations of progesterone maintain their
developmental potential within the non-ovulating follicle only
for a few days. In contrast, oocytes from follicles at the plateau
phase, which is the stage between dominance establishment and
the pre-ovulatory period where progesterone concentration de-
creases sharply, show high competence to reach the blastocyst
and expand (Sirard et al., 2006).

In the present study, similar proportions of compaction,
blastulation, and expansion of blastocysts were observed
when both types of semen were used, but a lower cleavage
rate was observed with sex-sorted semen when it was used to

fertilize oocytes from the CL+ group. The similar embryonic
compaction, blastulation, and expansion of blastocysts rates
obtained here, regardless of the type of semen for IVF, are in
agreement with some authors indicating that there are no neg-
ative effects on blastulation after use of sex-sorted semen
(Carvalho et al., 2010; Pontes et al., 2010). However, these
observations are not consistent with other reports in Bos
taurus in which lower amounts of embryos were obtained
upon fertilization with sex-sorted semen (Stinshoff et al.,
2012; Lopez et al., 2015). Previous reports indicate that stress
produced by sperm sorting negatively affects mitochondrial
activity in the spermatozoon, reducing its lifespan (Rath et al.,
2013). Additionally, it has been reported that embryos pro-
duced by sorted spermatozoa may have impaired number of
mitochondria, as well as structural defects of the nuclear en-
velope. Concerning this, it was found that such changes could
compromise embryonic development (Palma et al., 2008).
Moreover, Blondin et al. (2009) detected higher cleavage
but lower blastocyst rates using sex-sorted semen. Although
discrepancies in the results may be attributed to differences in
IVF protocols (Blondin et al., 2009; Lopez et al., 2015), sev-
eral strategies have been attempted to increase blastulation
after fertilization with sexed semen, such as the increase of
sperm cell concentration. Such strategy improved cleavage
and blastocyst rates (Barceló-Fimbres et al., 2011). In this
regard, it is important to note that the sexed semen straws used
in the present study contained standard amounts of sperm.
Furthermore, semen dilutions here provided the same sperm
concentration in comparison to fertilization with conventional
semen. This experimental condition and the fact that sperma-
tozoa may undergo the damage described above due to sex
sorting process, and even more, the unfavorable conditions of
the oocytes from CL+ ovaries mentioned above contribute to
the explanation of the low cleavage percentage in this exper-
imental group in the present study.

In conclusion, the findings of the present study indicate that
a CL in the ovary from which oocytes are obtained can com-
promise them as early as maturation and cleavage. Also, a
higher proportion of cleavage-stage embryos can be obtained
if conventional semen is used for fertilization of oocytes com-
ing from ovaries without a CL.
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Expansion of blastocysts 16/102 (15.6%)b 17/104 (16.3%)b 0.89
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