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A B S T R A C T

Due to the increasing use of in vitro embryo production (IVEP) and the importance of cross-
breeding for beef production, pregnancy rates of Nelore recipients were evaluated following
Fixed Time Embryo Transfer with fresh or vitrified IVEP embryos produced with Y-sorted sperm
of Angus bulls (B. taurus) or Fixed Time Artificial Insemination using non-sorted sperm. For IVEP
in Experiment 1, oocytes were obtained using Ovum Pick Up (OPU) (n = 84 embryos) or from
ovaries from a slaughterhouse (SLAUGHTER, n = 66 embryos). In Experiment 2, with oocytes
obtained by OPU, IVEP embryos were fresh (FRESH, n = 271) or after vitrification/warming
(VITRIFIED, n= 79) and PR was compared with FTAI (n= 239). In Experiment 1, cleavage rates
were 63.8% and 39.1% for OPU and SLAUGHTER groups, respectively (P= 0.02), and blastocyst
rates were 30.5% and 14.7%, respectively (P = 0.09). The PR was similar when considering the
source of oocytes (OPU=35.7%; SLAUGHTER=25.8%; P = 0.17). In Experiment 2, there was
no difference in PR for FRESH or VITRIFIED embryos (34.3% and 30.4%, respectively, P= 0.72),
but lesser than FTAI (47.7, P = 0.002). It is concluded that the IVEP with Y-sorted sperm as-
sociated with vitrification or embryos produced with oocytes from different sources did not affect
PR when there was transfer of crossbred embryos into recipients, and can optimize large-scale
application of IVEP technology; however, FTAI pregnancy rates with non-sex sorted sperm were
greater.

1. Introduction

The increasing food demands have challenged the livestock sector to develop new technologies that enable greater meat pro-
duction in less time and at a less cost (Blondin, 2015). In Brazil, Nelore is the most common breed of cattle, because it can easily adapt
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to the environment, and some consensus that the use of well-designed crossbreeding can improve the production rates of herds
(Morotti et al., 2014; Marinho et al., 2015; Rodrigues et al., 2015).

Fixed-time artificial insemination (FTAI) is a widely used reproductive biotechnological technique that favors production of
genetically superior animals, and when used there is an average pregnancy rate of approximately 50% (Sa Filho et al., 2009). For this
reason, the optimization of FTAI and the breeding of genetically superior animals (for production characteristics) may allow for the
use of FTAI in commercial systems and result in a more favorable cost/benefit ratio. Results of previous studies, however, indicate
that the use of sex-sorted semen in FTAI may negatively affect pregnancy rates (Grant and Chamley, 2007) because of lesser number
of sperm per dose (2× 106/dose) or damage in sperm due to process of sexing, causing decreased fertility (Frijters et al., 2009).

For both beef and dairy cattle, the use of in vitro embryo production (IVEP) has the potential to maximize the genetic contribution
of the most productive animals, improving reproductive efficiency by reducing the generation interval (Pontes et al., 2011). The large
ovarian follicular population for the Nelore breed aids in maintaining Brazil’s status as the greatest producer of in vitro-derived cattle
embryos in the world (Pontes et al., 2009). The expansion of IVEP has been enhanced because of the favorable oocyte production of
individuals of the Nelore breed because as the number of oocytes recovered increases, embryo production and resulting pregnancies
increase (Pontes et al., 2011).

The impact of IVEP has expanded through the use of sex-sorted sperm of animals with high genetic merit, which has improved the
cost/benefit ratio for this technique (Rodrigues, 2014). The process involved in sexing and freezing semen decreases sperm fertility in
comparison with conventional semen (Wheeler et al., 2006; Xu et al., 2009; Seidel, 2014; Liu et al., 2015), so the most common use
for sex-sorted sperm in Brazil is IVEP (Wheeler et al., 2006; Morotti et al., 2014).

Another major challenge for the embryo industry is cryopreservation, and frequently, Brazil has a shortage of recipient cows
capable of receiving an embryo, primarily because of the large number of embryos produced (Pontes et al., 2011). This issue could
result in discarding of embryos when cryopreservation is not used. For this reason, alternatives, including the cryopreservation of
embryos and synchronization for fixed-time embryo transfer (FTET), are used to optimize and maximize the use of embryos produced
in vitro, with similar pregnancy rates with fresh or cryopreserved IVEP embryos (Marinho et al., 2015). Additionally, among the
factors considered in FTET programs, the recipients are obviously the major determining factor for the successful use of this bio-
technology (Spell et al., 2001).

As an alternative to increase production of crossbred beef calves, there were two objectives in the present study: 1) Comparison of
the production and PR of embryos with sex-sorted sperm from oocytes obtained from the aspiration of follicles of live animals (OPU)
or after slaughter; 2) Comparison of PR of embryos produced with sex-sorted sperm and transferred fresh or after vitrification/
warming with artificial insemination using non-sorted sperm in Nelore recipients.

2. Materials and methods

All animal procedures were approved by the Animal Care and Use Committee of the EMBRAPA (Protocol 02–2015), Brazil.

2.1. Experimental design

2.1.1. Experiment 1
Cumulus oocyte complexes (COCs) were obtained using follicular aspiration procedures from ovaries obtained at a slaughterhouse

(SLAUGHTER Group) or using follicular aspiration guided ultrasonography procedures (OPU group) from nine Nelore heifers, and by
using IVEP with sex sorted sperm from an Angus bull.

2.1.2. Experiment 2
There were three groups for Experiment 2: FRESH, VITRIFIED in vitro embryos (IVEP with oocytes obtained using OPU from 23

Nelore donors and sex-sorted sperm from two Angus bulls), and FTAI (n = 239), with cows inseminated at fixed time, with non sex-
sorted sperm from the same Angus bulls used in IVEP.

2.2. In vitro Embryo production

All chemicals used in this study were purchased from Sigma-Aldrich (St. Louis, MO, USA) unless otherwise stated.

2.2.1. Cumulus-oocyte complexes (COC) recovery: slaughterhouse tissue
In the SLAUGHTER group (Experiment 1), Nelore cow ovaries of unknown origin were collected shortly after slaughter and

transported to the laboratory in a thermostatic container containing phosphate-buffered saline (Nutricell, Campinas, São Paulo,
Brazil) at a temperature between 35 to 37 °C. Two collections were conducted on different days. Follicles between 3 and 8mm in
diameter were aspirated with an 18 G needle connected to a 20ml syringe. The COCs were placed in 50ml conical tubes in a water
bath at 30 °C for decanting at the time of oocyte selection, with total time from the slaughter of the animals to the end of the
aspirations of approximately 6 h.

2.2.2. Cumulus-oocyte complexes (COC) recovery: ovum pick-up
Cumulus-oocyte complexes (COCs) were obtained using ultrasonic-guided follicular aspiration procedures for ovum pick-up

(OPU) from nine estrous-cyclic Nelore heifers, in Experiment 1, aged 18 to 36 months with body condition scores (BCS) between 2.5
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and 3 (on a scale of 1 to 5), and from 23 cows in Experiment 2 aged 24 to 80 months with BCS between 2.5 and 4, from two herds
which had sustained programs for genetic selection and evaluation. The animals were kept in Brachiaria brizantha pastures with ad
libitum mineral supplementation. Two follicular aspirations were performed with an interval of 22 days between them and regardless
of the donor’s estrous cycle stage.

Before each collection, any feces present were removed from the rectum, and the perineal region was subsequently cleaned with
paper towels. Epidural anesthesia was subsequently performed using 2% lidocaine (Anesthetic L, Eurofarma, Campo Belo, São Paulo,
Brazil) at a dose of 0.2mg/kg to reduce peristaltic movements and donor cow discomfort. Oocyte collection was performed using
ultrasonic equipment (SSD-500, Aloka Co., Tokyo, Japan) with a convex7.5 MHz transducer coupled to a special suction guide (WTA,
Cravinhos, São Paulo, Brazil). Follicles with diameters between 2 and 8mm were punctured with a 20 G disposable needle (Terumo,
São Paulo, Brazil) connected by a silicone tube (1.20m) to a 50-mL conical tube and to the vacuum system used for aspiration (WTA,
Cravinhos, São Paulo, Brazil), which functioned with a negative pressure of 70mm Hg.

2.2.3. Oocyte selection and in vitro maturation (IVM)
After obtaining the oocytes, the material collected was filtered using an Emcon® filter with phosphate-buffered saline (PBS)

solution with 10% fetal calf serum (FCS). The immature COCs recovered were morphologically classified as viable or non-viable. The
COCs were considered viable if they had multiple compact layers of cumulus cells and a homogeneous ooplasm and non-viable if they
appeared bare or pyknotic with a heterogeneous ooplasm and apoptotic vesicles.

The viable COCs were washed three times in the flushing medium and once in an in vitro maturation medium (IVM) [TCM-199
supplemented with 10% (v:v) (FCS), 0.2mMof sodium pyruvate, 25mM of sodium bicarbonate, 50mg/mL of amikacin, 0.5 mg/mL of
follicle-stimulating hormone (FSH, Folltropin-V; Bioniche Animal Health, Ontario, Canada) and 100 UI/mL of human chorionic
gonadotropin (hCG, Vetecor; Hertape Calier). The selected COCs were subsequently transferred to wells containing 400 μL of the
maturation medium under mineral oil (at a concentration of 30–40 oocytes per well) and then incubated for 22–24 hours at 38.5 °C,
with 5% CO2 and saturated humidity.

2.2.4. Semen preparation and in vitro fertilization (IVF)
The fertilization medium consisted of Tyrode’s albumin lactate pyruvate (TALP), as described by (Parrish et al., 1988), containing

0.2mM sodium pyruvate, 6 mg/mL bovine serum albumin (BSA), 25mM sodium bicarbonate, 13 mMof sodium lactate, 50mg/mL
amikacin, 40 μL/mL penicillamine-hypotaurine-epinephrine (PHE) solution (with final concentrations of 20 μM of penicillamine, 10
μM hypotaurine and 2 μM epinephrine) and 10mg/mL heparin. Straws containing cryopreserved Y-sorted sperm from two Aberdeen
Angus bulls known to be fertile were thawed in a 37 °C water bath for 30 s. Centrifugation in a Percoll discontinuous gradient (200 μL
of 45% over 200 μL of 90%) was performed at 1000 × g for 7min for the selection of motile sperm and removal of diluent and
seminal plasma. The supernatant was discarded, and the pellet containing viable sperm was re-suspended in 1mL of fertilization
medium and centrifuged again at 350 × g for 5min. The recovered sperm were evaluated for motility and concentration using light
microscopy. The sperm were then diluted in fertilization medium to achieve a final concentration of 1×106 sperm/mL.

The mature COCs were washed once in TALP sperm medium and once in fertilization medium. The COCs were then transferred to
a drop of fertilization medium (at a concentration of 15–20 COCs per drop in 90 μL of fertilization medium) and co-incubated with
sperm for 18–22 h using the same conditions used for IVM. The day of fertilization was considered Day 0 (D0).

2.2.5. In vitro Culture (IVC)
The medium used for in vitro cultivation (IVC) consisted of modified medium synthetic oviductal fluid (SOF), as described by Vajta

et al. (1999), supplemented with 50mg/mL of amikacin, 5 mg/mL of BSA and 2.5% of fetal bovine serum (FBS) (v:v). After ferti-
lization (D0), the cumulus cells were removed by successive pipetting. The probable zygotes were washed once in TALP sperm
medium, once in 50% TALP sperm medium plus 50% modified SOF medium and once again modified SOF medium. Subsequently, the
probable zygotes were transferred (in groups of 25) to 100 μL droplets of modified SOF medium. The embryos were cultured at
38.5 °C, 5% CO2 and saturated humidity for 7 days. The culture medium was partially replaced with 50 μL of fresh modified SOF
medium at 48 h post fertilization (D3) when the rate of cleavage was assessed.

2.2.6. Evaluation of embryos
The rates of embryonic development to the blastocyst stage were evaluated on day 7 (D7) of the culture. The embryos were

classified according to the International Embryo Technology Society (IETS) criteria (Bo and Mapletoft, 2013). Only embryos classified
as quality grade I were transferred fresh or post-vitrification/warming to the recipients.

2.3. Vitrification and warming

All materials used in the vitrification/warming procedure were purchased from Ingámed Ltda. (Perobal, PR, Brazil), including the
vitrification solutions (VI-I and VI-II), incubation solutions (DV-I, DV-II and DV-III) and vitrification strips (Vitri-Ingá) and the plastic
sheaths. A two-step technique was used for the vitrification of the blastocysts according to (Almodin et al., 2010; Rocha-Frigoni et al.,
2014). Vitrified embryos were thawed by immersing each straw in a water bath at 37 °C for 10 s. After warming, the embryos were
cultured for 2 h in SOF medium supplemented with 2.5% FCS and 5mg/mL of BSA in an atmosphere with 5% CO2 and saturated
humidity. Embryo survival after warming was evaluated by the rate of re-expansion after 2 h of culture. Only viable re-expanded
embryos were loaded individually in 0.25-ml French straws for subsequent transfer to recipients.
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2.4. Fixed-time embryo transfer (FTET) and fixed-time artificial insemination (FTAI)

Multiparous Nelore cows (n=589) with BCS ranging from 2.5 to 3.5 (1 to 5) at an average of 45 days post-partum, without
uterine disease and with stage of estrous cycle unknown were used as recipients (Experiments 1 and 2) or for FTAI (Experiment 2).
The estrous synchronization protocol for FTET and FTAI was performed as follows: on the first day of the protocol (D0), an in-
travaginal P4 device (Cronipress® Mono Dose M-24, Biogenesis Bagó, Curitiba, Paraná, Brazil) was administered along with 2mg of
estradiol benzoate (Estrogin, Biofarm, São Paulo, Brazil), D8- withdrawal of the P4 device, concomitant with the administration of
PGF2α (150 μg d-cloprostenol, i.m.Prolise®, Arsa, Buenos Aires, Argentina), 1 mg of estradiol benzoate (Estrogin, Biofarm, São Paulo,
Brazil) and 300 IU of eCG (Folligon® 5000 IU, MSD, São Paulo, Brazil). Day of estrus was considered to be D10; For FTAI, the females
were subjected to the same protocol used for FTET, but the AI was performed on D10, 48 to 50 h after implant removal, with
conventional cryopreserved semen (non sex sorted) from the same bulls used for the IVEP (Fig. 1).

For FTET, ET was performed on animals if there was a corpus luteum (CL) diameter of at least 15mm on D17, which was
evaluated by ultrasonography. Pregnancy was detected using ultrasonic equipment (Mindray DP-20VET, Shenzhen, Chin) with a
linear 7.5MHz transducer, 60 days after the ET or FTAI.

2.5. Statistical analysis

The statistical analysis was performed by using a generalized linear mixed model using the SAS GLIMMIX procedure with bi-
nomial distribution (SAS Institute, Inc., Cary, NC, USA). The variables included in the model used to evaluate the pregnancy rate were
as follows: treatment (OPU or SLAUGHTER in Experiment1, and FRESH, VITRIFIED or FTAI, in Experiment 2), bull, BCS of the cows,
technician and interactions. The variables in which the effect was not significant (P < 0.05) were removed from the model.

The probability of pregnancy in relation to the CL diameter in the FTET group in Experiment 1 was assessed using logistic
regression using the SAS LOGISTIC procedure (SAS Institute, Inc., Cary, NC, USA). Differences with P < 0.05 were considered
significant, whereas trends were only considered significant when 0.1> P≥ 0.05. The data are presented as the mean± standard
error (SE).

3. Results

3.1. Experiment 1

The total number of viable oocytes obtained through OPU was 279 (mean of 15.5/ donor), while aspiration of ovaries obtained
from slaughterhouse (SLAUGHTER) resulted in collection of 448 oocytes (mean of 17.9 oocytes per pair of ovaries). There was a trend
for a greater percentage development to the blastocyst stage in the OPU group (30.5%) compared to the SLAUGHTER group (14.7%,
P = 0.09). From the total number of embryos developed to the blastocyst stage, 66 were transferred in the SLAUGHTER group and 84
in the OPU group (with one embryo not being transferred).

The pregnancy rate did not differ for group (OPU - 35.7%, SLAUGHTER - 25.8%, P = 0.17, Table 1). The recipients had a CL
diameter of 21.5 ± 3.45mm, with a proportion of compact and cavitary corpora lutea of 61.3% and 38.7%, respectively. There was
no effect of the size of the CL on the probability of pregnancy (P = 0.44). Furthermore, the type of CL did not affect the pregnancy
rate (compact= 25.0%; cavitary= 29.3; P = 0.82).

3.2. Experiment 2

The total number of viable oocytes obtained using OPU was 1064 (with a mean of 23.13 oocytes/donor), with a variation between
individuals ranging from 0 to 82 oocytes per OPU session. The percentages for cleavage and blastocyst formation were of 52.0% and

Fig. 1. Estrous synchronization protocol for FTET and FTAI used in Experiments 1 and 2; On the first day of the protocol (D0), an intravaginal P4
device (Cronipress® Mono Dose M-24, Biogenesis Bagó, Curitiba, Paraná, Brazil) was administered along with 2mg of estradiol benzoate (Estrogin,
Biofarm, Jaboticabal, São Paulo, Brazil), D8- withdrawal of the P4 device, concomitant with the application of PGF2α (150 μg d-cloprostenol, i.m.
Prolise®, Arsa, Buenos Aires, Argentina), 1 mg of estradiol benzoate (Estrogin, Biofarm, Jaboticabal, São Paulo, Brazil) and 300 IU of eCG (Folligon®
5000IU, MSD, São Paulo, Brazil). D10 was considered the day of estrus; FTAI was performed on D10, and FTET was performed on D17.
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35.7%, respectively, with 271 embryos developing and being transferred in FRESH group and 109 embryos submitted to vitrification.
The re-expansion rate after warming was 72.5% (79/109), with 79 grade I vitrified/warmed embryos transferred in VITRIFIED group.

There was no difference in the pregnancy rate for embryos transferred fresh (35.42%) or vitrified (30.38%; P = 0.79, Table 2),
however, there was a difference from the FTAI group (47.7%, P = 0.002). The pregnancy rate per bull did not differ (P > 0.05) for
either FTAI or FTET.

4. Discussion

Females of the Nelore breed are characterized by the relatively large oocyte production as compared with most other breeds:
producing an average of 25 to 30 oocytes per OPU session (Pontes et al., 2009, 2011), which is greater than the taurine cattle breeds
(Pontes et al., 2009). In the present study, the mean number of viable oocytes per OPU procedure (15. 5 in Experiment 1) was less
than that previously reported. This result may be a consequence of the donor animals being heifers. Notably, there has been con-
siderable individual variation in the number of follicles and oocytes of Nelore females (Pontes et al., 2011). This finding was verified
from results in the present study with the number of oocytes per OPU session ranging from 0 to 82 in Experiment 2.

The rates for in vitro embryonic development after the fertilization of oocytes obtained by OPU were similar to those observed by
other researchers where there was use of both conventional semen (blastocyst rate: 32.7%; (Varago et al., 2006)) and sex-sorted
sperm (blastocyst rate: 33.2% (Xu et al., 2006)). From other studies, there are reports that there is a lesser percentage of development
to the blastocyst stage when there is in vitro fertilization of oocytes derived from ovaries of slaughtered animals and fertilized with Y
sex-sorted sperm (12.2%) when compared with conventional semen (20.1%) (Wilson et al., 2006). The lesser cleavage and percentage
development to the blastocyst stage with use of slaughterhouse ovarian oocytes may have resulted from the time of about 6 h from
ovary collections, transportation of ovaries, and aspiration in laboratory which has been previously reported to reduce the quality of
oocytes (Satrapa et al., 2011).

It is more difficult to maintain sanitary rigor (Ponsart and Pozzi, 2013) and control of the genetic merit of animals, with the use of
ovaries from the slaughterhouse, but the use of this approach can contribute to the reduction of the costs of cattle IVEP by eliminating
the need for in vivo Ovum Pick-up (Wilson et al., 2006) mainly for the production of crossbred animals with oocytes from Bos indicus
donors and semen from genetically superior Bos taurus bulls. This approach allows for intensification of meat production in different
systems, because crossbred calves weigh 10% to 15% more at weaning (Rodrigues et al., 2015).

Zhang et al. (2003) reported that there was no a significant difference in the percentage of development to the blastocyst stage
with the use of sex-sorted (20.3%) and non sex-sorted (22.3%) semen. Malard et al. (2015), reported that there were lesser per-
centages of development to the blastocyst stage when comparing inseminations with sex-sorted semen and non sex-sorted semen
(29.0% compared with 37.1%, respectively); however, there was a greater pregnancy rate for IVEP embryos where there was the use
of sex-sorted sperm as compared with non sex-sorted sperm (36.9% compared with 30.1%). This inconsistency in results may be
explained by the lesser fertilization capacity of the sperm after the sexing process (Grant and Chamley, 2007). The previously
reported results were sometimes inconsistent or conflicting, and differences among studies regarding sperm sexing processes, oocyte
maturation and fertilization and embryo cultivation made interpretation of the results difficult (Mikkola et al., 2015).

In addition to the differences in the procedures used by the different research groups, several other factors may also affect oocyte
viability for IVEP. The effect of the bull used on the rate of production of blastocysts should be considered, as the efficiency of IVEP
can vary depending on bull factors (Xu et al., 2006; Bayeux et al., 2015). This variation seems to be greater with the use of sex-sorted

Table 1
Cleavage, blastocyst and pregnancy rates with differing oocytes sources in Experiment 1.

OPU SLAUGHTER Standard Error (SE) P

Cleavage (%) 63.80 (178/279) 39.06 (175/448) 10.22 0.0209
Blastocyst (%) 30.47 (85/279) 14.73 (66/448) 9.13 0.0892
Pregnancy (%) 35.71 (30/84) 25.76 (17/66) 0.39 0.170

SLAUGHTER- Cumulus-oocyte complexes (COCs) were obtained from Slaughterhouse ovaries.
OPU- Cumulus-oocyte complexes (COCs) were obtained by ultrasound-guided follicular aspiration for ovum pick-up (OPU).
(P < 0.05).

Table 2
Pregnancy rate for in vitro produced embryos using Y-sorted sperm or FTAI with non-sex sorted sperm in Experiment 2.

FTET-FRESH FTET-VITRIFIED FTAI P

n 271 79 239
Pregnancy rate 35.42 (96/271)b 30.38(24/79)b 47.70 (114/239)a 0.0019

FTET-FRESH- in vitro embryos produced with sex-sorted semen and transferred fresh at fixed time.
FTET-VITRIFIED- in vitro embryos produced with sex-sorted semen and transferred after vitrification and warming at fixed time.
FTAI- Fixed time artificial insemination with non-sorted semen.
Different superscript letter a, b in the same line indicate significant difference (P < 0.05).
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semen, affecting the percentage of development to the blastocyst stage (Palma et al., 2008). In the present study, however, there were
no differences in results due to bull factors.

In the present study, the pregnancy rates when FTET was performed with fresh embryos or vitrified embryos were similar (P =
0.79, Table 2). Results of several studies indicate that there are negative effects of cryopreservation on embryo development after
warming (Cavusoglu et al., 2016), but the effects of cryopreservation may vary with animal species, breed, origin (in vitro or in vivo),
lipid composition of the embryo, size and stage of development, quality of the embryo/oocyte, cell permeability, toxicity and osmotic
properties of cryoprotectants and cooling and warming rates (Almiñana and Cuello, 2015). In contrast, results of other studies
indicate that there can be acceptable pregnancy rates after FTET of embryos derived with use of IVEP and fertilization with sex-sorted
semen, both fresh and vitrified (Xu et al., 2006; Pontes et al., 2011; Trigal et al., 2012) or only vitrified/warmed (Marinho et al.,
2015). There has been significant recent progress in enhancing embryo culture and cryopreservation procedures, regardless of the use
of sex-sorted semen (Xu et al., 2009). This progress has allowed the expansion of the use of this technique on a large scale, optimizing
the use of recipients and allowing access to recipients that are in distant locations, as substantiated by the results of the present study.

Even though there were lesser pregnancy rates in the FTET group with the use of sex-sorted semen compared to the FTAI group
with use of conventional semen, the proportion of animals born with the desired sex may be advantageous for use of this technique.
The next phase of the present line of research will be evaluation of the economic efficiency with use of these techniques when there is
production of the animals being used for slaughter.

Multiparous Nelore cows with acceptable pregnancy rates were used as recipients in the present study. The selection of recipients
was judicious, and the use of animals with larger CL diameters may have contributed to the desirable pregnancy rates (Binelli et al.,
2001; Nogueira et al., 2012; Gonella-Diaza et al., 2013), as the serum concentration of progesterone (P4) is a reflection of the
development and size of the luteal mass (Spell et al., 2001), and consequently in the survival of the concept and maintenance of
pregnancy (Binelli et al., 2001). Factors such as blood flow, the presence of luteotropic or luteolytic agents, growth factors and the
availability of precursors for P4 biosynthesis (Skarzynski et al., 2008), and lactation may interfere with P4 production. In the present
study, there was no association between the CL diameter and pregnancy rate, most likely due to selection of recipients with corpora
lutea greater than 15mm in diameter. This factor supports the importance of assessing CL diameter at the time of transfer, as
indicated based on results in various studies (Spell et al., 2001; Looney et al., 2006; Gonella-Diaza et al., 2013).

Additionally, there was no effect of CL type (cavitary or compact) on the pregnancy rate in the present study, and according to
(Nogueira et al., 2012; Barreiros et al., 2006), the morphological differences between different types of corpora lutea do not affect the
production of P4 and, consequently, do not affect the pregnancy rate. In the present study, there was a similar result when there were
cavitary and compact corpora lutea with no effect on pregnancy rate being observed.

5. Conclusion

Results of the present study indicate that multiparous Nelore cows used as recipients produce acceptable pregnancy rates, with
use of FTET, without effects of corpora lutea size on pregnancy rates. The conducting of IVEP with use of sex-sorted semen, associated
with vitrification when there were different ovarian sources for oocytes used, resulted in acceptable pregnancy rates. The production
of the crossbred embryos using these techniques could allow for optimization of large-scale application of the IVEP technology even
though FTAI pregnancy rates with use of non-sex sorted semen were greater than when there was FTET with sex-sorted semen to
produce embryos.
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