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Abstract. The aim of this study was to quantify the pregnancy rate after implantation of two embryos after FTET
protocols, as well as to monitor pregnancy losses until parturition, evaluating, mainly, if this strategy results in more
number of animals born. Therefore, 423 multiparous recipients were selected, standardized in terms of body score, who
had high-quality corpora lutea. Animals were randomly divided into two groups according to one or two embryos
transferred (1 embryo = Control, n = 237; 2 embryos = Group 1, n = 186). All recipients received the same hormonal
treatment, which consisted of administering, on Day 0, 2 mL of estradiol benzoate (Gonadiol, ZOETIS) + 1.9 g multidose
1st use progesterone implant (CIDR, ZOETIS); on Day 8 the implants were removed + injected 0.4 mL of estradiol
cypionate (E.C.P, ZOETIS) + 1.5 mL of eCG (Novormon, ZOETIS) + 1 mL of dinoprost tromethamine (Lutalyse,
ZOETIS). The animals were evaluated by ultrasonography at 30 and 60 days after embryo transfer, to diagnose the
success rate and embryo losses during this period. Furthermore, information was collected on births, length of gestation,
number of twin births, number of childbirth assistance and the weight of the calves. The results showed that Group 1 had
better success than the Control, with higher conception rates at 30 days (68.3% vs. 53.2%, P<0.001) and at 60 days
(62.9% vs. 52.3%; P<0 .05). The number of animals born was also higher for Group 1 (53.3% vs. 43.3%, P<0.01). The
percentage of twins born in Group 1 was 17.9%, and the animals had lower weight compared to the Control (34.29 +
7.36 vs 37.63 + 5.73, P<0.05). The length of pregnancy and the number of assistances were similar between groups. In
conclusion, the strategy adopted in this experiment suggests a considerable increase in the calf birth rate, but losses
during pregnancy and their mechanisms need to be elucidated.
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al. 2004; Aguiar et al., 2019; Pinto Neto et al., 2018;
Baruselli et al., 2004).

Introduction
The search for improvement in reproductive

efficiency is an effective tool for the economic
maintenance of economic development in beef
cattle. Diversification in the use of fixed-time
insemination (TAI) and fixed-time transfer (FTET)
protocols has been common since the early 2000s,
as it increases the number of animals inseminated
and facilitates large-scale embryo innovation (Bo et

Another alternative to increase profit is the
dissemination of the genetics of superior animals
through biotechniques with the production of donor
embryos, either in vivo or in vitro, in order to
increase the number of products (Hansen 2020;
Mebratu et al. 2020; Bo et al., 2019).  Selection of
superior genetic or phenotypic animals has been the
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basis of the donor selection since ET's inception
(Philips and Jahike, 2016). Genetic superiority
animals that contribute to the genetic objectives of
the scheme and likelihood of producing large
numbers of usable embryos are the two broad
criteria for selecting donor cows for most embryo
transfer scheme (Thibier, 2006)

To maximize embryo survival in the
recipient female following transfer, conditions in the
recipient reproductive tract should closely resemble
those in the donor. This requires synchronization of
the estrous cycles between the donor and the
recipients, optimally within one day of each other.
Synchronization of the recipients can be done in a
similar manner and at the same working time as the
donor cows (Galina & Orihuela, 2007).

By another hand, loss of pregnancy can
occur at many different stages of gestation and for a
variety of causes (Wilthank et al., 2016; Sakatani,
2017; Farin et al., 2001; Rizos et al., 2002). Ealy et
al. (2019) reported that pregnancy losses were
observed throughout gestation, but losses were
most prevalent early in gestation. Approximately
40% of cows receiving an IVP embryo at day 7/8
post-estrus were no longer pregnant at day 18 to 21
of gestation, as determined by the absence of a
conceptus in excised uteri or poor quality of corpus
luteum fuction. By day 30 to 40 of gestation, being
60% of the recipients were not pregnant. Further
pregnancy losses were observed thereafter, albeit at
a lower rate, with around 5% of pregnancies lost at
day 45 and 90 and another 7% loss thereafter. Only
27.1% of cattle receiving IVP embryos maintained
the pregnancy to term.

It is noticeable that the endocrine and
biochemical relationships between the embryo and
the maternal uterus during the critical period are far
from being fully elucidated (Leese, 2012), since
postpartum success depends on several variables
related to the embryo (quality, stage of
development, damage or injuries caused to the
embryo, production method, storage and
fertilization); to the uterus (hormones,
vascularization and tissue changes); and to the
ovaries (quality, mass and hormonal production of
the corpus luteum). Due to the difficulty of isolating
the variables, we hypothesized that it would be
possible to increase the conception rate using the
strategy of only doubling the number of implanted
embryos, resulting in greater signaling of products
synthesized by the embryo related to maternal
recognition, as well as increasing the chance of
maintenance of the corpus luteum more effectively,
even without isolating these variables related to
maternal recognition during the critical period. Thus,
the aim of this study was to quantify the pregnancy
rate after implantation of two embryos after FTET
protocols, as well as to monitor pregnancy losses
until parturition, evaluating, mainly, if this strategy
results in more number of animals born.

Materials and Methods

Screening of animals and standardization of
variables

Seeking to minimize the possible variables
that could interfere with conception rates, the same
management conditions and animal conditions were
standardized before constituting the two treatment
groups. Thus, the experiment was carried out on the
same property, located in Carlinda, Mato Grosso,
Brazil (Latitude 09° 57' 29" S, Longitude: 55° 49' 56"
W). All animals were kept under ad libitum grazing,
with the same offer of mineral supplementation and
access to water. Furthermore, the animals
presented the same body condition at the time of
inoculation (score of 3, scale of 1 - 5) and health
status. All donors were of the Nellore breed and
were inseminated with sexed semen to males from
the same Aberdeen bull. Fresh embryos produced
were transferred in an expanded bastocyte stage,
with quality rating 2 or 3 (STRINGFELLOW, 1998),
to multiparous Nellore recipients, previously
examined by ultrasound to assess the corpus
luteum according to the criteria reported by Leal
(2009), and classified as good/excellent.

Of the total of 423 recipients considered
good/excellent, 237 were receive one embryo
(Control) and 186 received two embryos (Group 1).
To improve randomization, it was decided to
allocate the recipients alternately, as they were
being implanted with one or two embryos.

All recipients received a FTET protocol that
consisted of administering, on Day 0, 2 mL of
estradiol benzoate (Gonadiol, ZOETIS) + 1.9 ¢
multidose 1st use progesterone implant (CIDR,
ZOETIS); on Day 8 the implants were removed +
injected 0.4 mL of estradiol cypionate (E.C.P,
ZOETIS) + 1.5 mL of eCG (Novormon, ZOETIS) + 1
mL of dinoprost tromethamine (Lutalyse, ZOETIS).

Twenty-four hours after implant removal

from the recipients, follicular aspiration was
performed in the laboratory. Follicular aspiration was
performed from selected cows' ovaries from the
slaughterhouse. These ovaries were collected and
transported in saline solution (room temperature)
inside thermos bottles. The time between the
collection of ovaries in the refrigerator and the
follicular aspiration procedure in the laboratory was
4 hours.
In the laboratory, the ovaries were washed and
placed in saline solution heated in a water bath at
37°C. In sequence, the follicles were aspirated with
a needle (20G) and syringe (10 mL). The follicular
fluid from the syringe was placed in a 50 ml tube,
also kept at a temperature of 37°C. After the
decantation process, the supernatant was removed
with a 5 mL pipette and the pellet washed twice with
approximately 20 mL of saline solution (heated to
37°C). The supernatant was removed again, and
the pellet was resuspended in 20 mL of saline
solution and placed in a petri dish (100 pl). Next,
visualization and selection of all viable oocyte
cumulus complexes was performed. Selected
oocytes were transferred in a Petri dish with saline
solution (35 pl).
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After screening, these structures were
washed in TCM 199 maturation medium added with
10% fetal bovine serum, to be placed in the falcon's
5 ml tubes for maturation. In each tube, 30 oocytes
were placed, composed of maturation medium (400
microliters) and mineral oil (200 microliters).
Afterwards, the tubes were incubated for 22 hours.
Oocytes were washed in IVF medium and
transferred to IVF plate. The semen dose was
thawed and placed in a gradient column formed by
40% and 80% PureSperm, and centrifuged for 5
minutes at 5000 rpm. The supernatant was removed
and the pellet resuspended in 1 mL of IVF medium,
returning for the 2nd centrifugation at 3000 rpm for 3
minutes. After centrifugation, the supernatant was
removed, leaving a 100 microliter pellet for
fertilization. Fertilization was performed by adding
10 microliters of the resuspended semen to each
drop (50 microlites of medium) which had 30 mature
oocytes. After fertilization, incubation was carried
out for 22 hours.

Afterwards, the zygotes were removed from
the fertilization plate for washing, with in vitro culture
medium (IVC), and mechanical denudation. After
washing, the zygotes are placed in CIV plates (drop
of 60 microliters), which were incubated in an
atmosphere of 5.5% CO2 and 5.5% O2 for 7 days.
On the third day (48 to 72 hours after fertilization)
non-fertilized or degenerated structures were
removed, replacing approximately 50% of the drop
volume, and on the sixth day, the procedure was
repeated. The classification of blastocysts was
carried out on the seventh day and the selected
ones were prepared and filled in 0.25 straws
containing Hsof medium.

The embryos started to be bottled about 1
hour before leaving for the field, and it took 30
minutes to reach the property. The hormonal
protocol of the recipients was carried out at a
predetermined time, starting at 7:00 am, just like the
transfer of embryos.

On the day of embryo transfer, the
recipients' ovaries were examined by
ultrasonography to diagnose the quality of the
corpus luteum (classified as 1, 2, 3 or cavitary).
Having confirmed the quality of the corpus luteum,
the embryos were transferred to the uterine horn
ipsilateral to ovulation.

Variables analyzed and statistical design

To monitor the success rate of the strategy,
quantification and characterization of the moment of
pregnancy losses, ultrasound examinations were
performed on days 30, 60 after embryo implantation,
as well as the real date of parturition, the number of
twin births, the duration of pregnancy (average +
standard deviation), if there was assistance in the
birth and the weight of the calf at birth (average +
standard deviation) were recorded for analysis.
Every numerical difference between the moments of
evaluation was considered as pregnancy loss.

Before performing the comparison of results
between treatments, the normality was verified
using Kolmogonov-Smirnov test. Conception rates
on Day 30 and Day 60, losses between these
assessments, number of calves born, number of
twins born, losses throughout pregnancy were
calculated as a percentage. Pregnancy length and
calf birth weight were expressed as mean and
standard deviation. All variables evaluated were
analyzed by ANOVA and compared by T-student
test, considering a significance level of P <0.05.

Results and discussion

The results obtained during the pregnancy
of the recipients suggested that the hypothesized
strategy was successful, but with a higher volume of
pregnancy losses for Group 1. Even accounting for
pregnancy losses, Group 1 had better final
performance than the Control, as shown in Table 1.

The highest conception rate at 30 days in
Group 1 (Table 1) demonstrated that the two-
embryo implantation strategy resulted in better
performance during the critical period, suggesting
that two embryos may have generated better
maternal recognition or a better effect in blocking
luteolysis after embryo implantation. Pugliesi et al.
(2014) reported that a successful pregnancy is
established and maintained in cattle, the corpus
luteum (CL) must remain functional beyond the time
when luteolysis would normally occur. Interferon-t
(IFN-T), a glycoprotein secreted by the conceptus,
inhibits the pulsatile secretion of prostaglandin F2a
(PGF2a) from the endometrium that causes
luteolysis. Consequently, CL survives and secretes
progesterone (P4), leading to the onset of
pregnancy (Spencer et al., 2006)

Table 1 - Comparison between implantation with one or two embryos in FTET protocols

Variables Control (1 embryo) Group 1 (2 embyos) P
Number of recipient (n) 237 186

Conception rate at 30 days (%) 53.2 68.3 0.001
Conception rate at 60 days (%) 52.3 62.9 0.028
Number of calves born (%) 43.3 53.3 0.003
Number of twins (%) 0.0 17.9 <0.001
Calf weight (average + SD) 37.63+5.73 34.29 + 7.36 0.007
Gestation length (average + SD) 283.8 + 3.90 285.5+7.80 1.056

On the other hand, the conception rate of
Group 1 at Day 60 indicated greater gestational loss
than Control between days 30 and 60 (5.4% vs.

0.9%, respectively; P < 0.01), which apparently has
no relationship with luteolysis involved in the critical
period, not with maternal recognition, but with
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failures in the placentation process. The
mechanisms related to the growth and early
development of extraembryonic membranes are still
not fully elucidated. It is known that modifications in
the chorion (Costa et al.,, 2020), in the allantois
(Thompson et al.,, 2000) and in the yolk sac (De
Sousa et al.,, 2001) resulted in pregnancy losses.
Also, despite not having been the focus of this
experiment, it is possible to consider that the losses
may have been caused by situations related to the
development of cotyledons (Assis Neto et al., 2009),
or by changes at the cellular and/or matrix level
extracellular, mainly  of  structures called
glycosaminoglycans and proteoglycans, which are
responsible for ensuring hydration, tissue elasticity
and have a fundamental role in vascular growth that
accompanies the development of the placenta
(Reynolds et al., 2001).

The main purpose of this experiment was to
evaluate the number of calves born, even knowing
that there would be losses during pregnancy that
would not be fully elucidated. In fact, the largest
number of calves born was from Group 1 (Table 1),
which suggests that the strategy of implanting two
embryos can be interesting in terms of the final
result in the productivity of calves. Although
gestational losses were greater for animals that
received two embryos (15% vs. 9.9%, P < 0.05), the
high initial conception rates and the percentage of
twin births ensured the highest number of calves
born (Table 1) at the end of pregnancy. It is
noteworthy that despite the contribution of twin
births in the present experiment, the rate found
(17.9%) was half that reported by Cavalieri et al.
(2018).

The duration of pregnancy was similar
between the two groups in the present experiment,
differing from the findings of Cavalieri et al.(2018),
who observed a shorter gestational period in
protocols for obtaining twins, associating FTAI with
subsequent embryo implantationin fact, it is
common for twin pregnancies to be shorter in
mammals, as there is an earlier induction of fetal
cortisol release, generating a cascade of events that
result in placental ripening, hormonal releases,
uterine contractions for expelling the offspring
(Echternkamp et al., 2007a, Echternkamp et al.,
2007b).

It is common to increase the number of
dystocia in twin births (Knight et al., 2001; Cavalieri
et al., 2018). In the present experiment, the loss due
to malformation of 4 calves of two twin pregnancies
was observed. Still, there was only one assistance
in the birth of one of the animals in Group 1, which
represented, in the authors' understanding, a very
low rate of assistance. In general, difficulties in
childbirth or dystocia may be the result of failures in
adrenal signaling or even fetal size, determined by
race, prolonged gestation or changes in fetal static.
In this sense, the crossing of an Aberdeen bull and
a Nelore female apparently may have influenced our
results, including the average birth weight of the
calves. The weight of the calves in Group 1 was

lower than in the Control (Table 1), corroborating the
findings of Echternkamp et al. (2007a); however, the
average calf weights at birth in the present
experiment may explain the lower rate of assistance
during birth and similarity in the gestational period,
as the weights rarely exceeded 40 kg. It is
noteworthy that the reduction in the individual size of
each fetus is a consequence of competition for
space and availability of nutrients (Aguiar et al.,
2019).

Conclusions

Under the conditions of the present
experiment, it can be concluded that the strategy of
implanting two embryos presents an alternative to
improve the number of born calves.

As for pregnancy losses, the available
literature is not yet able to elucidate all the events
that negatively influence the final outcome of
pregnancy, but it was noticeable, from the results of
this experiment, that twin pregnancies had greater
losses after 30 days of conception, the which
suggests that the gestational losses were due to the
gestational processes related to this period.
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