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ARTICLE INFO ABSTRACT
Keywords: The objective was to evaluate effects of prostaglandin (PG) F2a administration at the beginning
Follicle of a progesterone and estradiol-based treatment period on ovarian response and pregnancy rate
Ovulation (P/AI) in Bos taurus beef heifers. Heifers were treated with 500 pg of cloprostenol administered:
TAI

a) in two half-doses (250 pg) at the time of progesterone device insertion and removal (two-PG),
or b) in a single dose at the time of device removal (one-PG). In the two-PG group, administration
of PG at device insertion resulted in lesser serum progesterone concentrations during the 7-d
treatment period (P < 0.05). Additionally, diameter of the follicle from which ovulation oc-
curred was greater, and ovulation occurred earlier in the two-PG compared with one-PG group
(P < 0.05). Fixed-time artificial insemination (FTAI) was performed in 3479 heifers with two
times for FTAI (48 compared with 54h from device removal). There was no effect on P/Al
percentage for the PG treatment or the time of FTAL The FTAI at 54 h resulted in a greater P/AI
percentage in the one-PG than two-PG group (70.5%, 253/359 and 63.5%, 254/400, respec-
tively; P < 0.05). There were no differences between PG treatments when FTAI was performed at
48h after device removal. In conclusion, the administration of PG at the time of intravaginal
progesterone device insertion results in lesser progesterone concentrations, and an increased size
of the follicle from which ovulation occurs, and the time of ovulation is earlier after device
removal. The pregnancy rate was not affected by the PG administration at the time of device
insertion.

Estradiol-173
Luteolysis

1. Introduction

The market for fixed-time artificial insemination (FTAI) programs is growing in the global cattle industry. Because this technology
does not require estrous detection, is effective in estrous cycling and postpartum anestrous females, heifers and suckling cows, is easy
to use for producers and practitioners, and is a low-cost and high impact technology, there is a greater use of FTAI by producers than
what has traditionally occurred with use of estrous synchrony regimens. Progesterone and estradiol-based protocols are the preferred
treatments for FTAI of beef cattle in South America (B6 et al., 2018). The expected pregnancy percentage per Al (P/AI) with use of
these FTAI programs averages 50%, and new alternatives have been proposed to increase this outcome. One of the factors affecting
fertility appears to be associated with size of the follicle from which ovulation occurs (Perry et al., 2007), probably associated with an
increase in the ovulation rate (Sales et al., 2015), ovulation of a more functional oocyte (Dickinson et al., 2016), greater preovulatory
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estradiol production (Jinks et al., 2012), and greater postovulatory luteal size and progesterone production (Wiltbank et al., 2012a).
Different strategies have been utilized to increase pregnancy rate by inducing an increase in diameter of the follicle from which
ovulation occurs, enhancing ovulation rate and improving luteal function after ovulation (Ntnez-Olivera et al., 2014; Perry et al.,
2014). Different strategies to stimulate preovulatory follicular development, therefore, should be undertaken when attempting to
improve the effectiveness of FTAI protocols in enhancing pregnancy percentages.

With FTAI protocols, the super-physiological progesterone concentrations at intravaginal device insertion associated with in-
tramuscular (i.m.) estradiol administration is required to ensure follicular regression and emergence of a new wave of follicular
development (Adams et al., 2008; B6 et al., 2016). Super physiological progesterone concentrations for too many days after device
insertion could suppress luteinizing hormone (LH) pulse frequency affecting dominant follicle development (Bergfeld et al., 1996;
Ireland and Roche, 1982). In beef cattle, greater than optimal progesterone concentrations throughout treatment could negatively
affect the ovulation rate, and therefore, pregnancy success may be negatively affected (Dadarwal et al., 2013; Martins et al., 2017). In
Bos indicus beef heifers, lesser circulating progesterone concentrations have been achieved by inducing luteolysis with prostaglandin
(PG) F2a administration at the beginning of a progesterone and estradiol-based synchronization treatment regimen. This approach
resulted in a greater fertility than in heifers with relatively greater progesterone concentrations at the end of the treatment (Carvalho
et al., 2008; Meneghetti et al., 2009; Peres et al., 2009). Similar findings have been reported in Bos indicus by Bos taurus crossbred
heifers (Cutaia et al., 2007). Most practitioners have included this strategy in Bos indicus heifers. Due to the assumption that this
approach to FTAI would have similar effects in Bos taurus heifers, this protocol was also incorporated for Bos indicus cattle (reviewed
by B6 et al., 2016). Because differences in steroid sensitivity and metabolism have been proposed between Bos indicus and Bos taurus
heifers (Carvalho et al., 2008, 2017; Sartori et al., 2016a, 2016b), the convenience of using treatments to bring about lesser pro-
gesterone concentrations with PG administration at the time of progesterone device insertion in FTAI treatment regimens of Bos
taurus beef heifers has not been assessed for efficacy and requires further investigation.

The main objective of the present study was to evaluate the effect of PGF2a administered at the beginning of a treatment period
with an intravaginal progesterone device and estradiol-based treatment on serum progesterone concentrations, preovulatory folli-
cular growth and fertility in Bos taurus heifers. In addition, it was determined if pregnancy percentage was affected by timing of
insemination when there was early PG administration using the progesterone-based protocol.

2. Materials and methods
2.1. Animals and management

Two experiments were conducted during the spring beef cattle breeding season in the Southern Hemisphere (October-January,
33°S, Uruguay) in Hereford-Angus crossbred heifers. All heifers were examined using ultrasonography to determine the presence or
absence of a corpus luteum (CL; estrous cycling or anestrous heifers, respectively) at the beginning of the treatment period. In each
experiment, heifers were all maintained in the same paddock, grazing rangeland pasture produced from crystalline-based soil and
had unrestricted access to water and mineral supplement. All experimental procedures involving animals including injections, in-
travaginal device insertion, blood collection, and ovarian ultrasonographic examinations were approved by the Internal Animal Care
Committee of Fundacién IRAUy and were conducted in accordance with the guidelines of the National Council of Animal Care
(CNEA) of Uruguay.

2.2. Experiment 1

The aim of this experiment was to evaluate the effect of PGF2a administration at the beginning of a progesterone and estradiol-
based treatment period on serum progesterone concentrations, preovulatory follicle development, diameter of follicle from which
ovulation occurred, timing of ovulation and serum estradiol-17f concentrations. This study was conducted using 2-year-old Hereford
heifers (n = 25) with a body weight of 299.2 + 5.0kg (mean + SEM) and body condition score (BCS) of 4.5 = 0.1 (scale 1 to 8; 1
= emaciated and 8 = obese; (Vizcarra and Wettemann, 1996)). The females were selected 14 d before the experiment from a herd of
150 heifers based on the presence of a CL, and 25 heifers were pre-estrous synchronized using one dose of PGF2a (500 pug of
cloprostenol sodium, Ciclase DL, Zoetis, Buenos Aires, Argentina) with the aim that all heifers be in the stage of the estrous cycle at 7
to 12 d after the time of ovulation (Day O of the experiment). On Day 0, the presence of CL was confirmed using ultrasonography and
the heifers were treated with an intravaginal progesterone releasing device (0.5 g, DIB 0.5, Zoetis) that was in place for 7 d and 2 mg
of estradiol benzoate (Gonadiol, Zoetis) was administrated i.m. at the time of device insertion. The heifers were randomly allocated to
one of two experimental groups to receive 500 ug of cloprostenol sodium in two half-doses (250 pug each) administered at the time of
progesterone intravaginal device insertion and removal (two-PG group; n = 13), or in a single dose administered at device removal
which was considered to be the control group (one-PG group, n = 12). All the heifers were treated i.m. with one dose of 0.5 mg
estradiol cypionate (Cipiosyn, Zoetis) and 300 IU of equine chorionic gonadotropin (eCG; Novormon, Zoetis) at the time of device
removal (Day 7).

2.3. Ultrasonic examinations

Ovarian examinations using ultrasonography were performed daily utilizing a B-Mode ultrasonic device with a linear—array
transducer (7.5 MHz, WED-9618 V Well.D, Shenzhen, China). Examinations were conducted by the same operator every 24 h from



R. Niifiez-Olivera, et al. Animal Reproduction Science 210 (2019) 106201

the day of device insertion until removal and every 12 h from device removal to the time ovulation was detected to have occurred or
until 144 h later, whichever occurred first. All follicles greater than 3 mm in diameter were measured using an internal electronic
caliper, video recorded and registered on an individual ovarian map for each heifer. Two images of the largest follicle were measured
at its maximum diameters (width and height), and the average was considered for analyses. Ovulation was considered to have
occurred when there was disappearance of the largest follicle between two consecutives ultrasonic examinations and confirmed 12h
later.

2.4. Hormonal determinations

Blood samples were collected daily from the beginning of the treatment until 96 h after progesterone device removal from the
jugular vein into 10-mL tubes. All samples were centrifuged 1 h after collection at 1000g for 20 min, and serum was stored at —20 °C
until assayed in the Laboratorio de Endocrinologia y Metabolismo Animal, Facultad de Veterinaria, Montevideo, Uruguay. Both serum
progesterone and estradiol-17f concentrations were determined using a radioimmunoassay (RIA) in direct solid phase and liquid
phase, respectively, following the recommendations of each commercially available specific kit (DIAsource ImmunoAssays S.A.,
Louvain-la-Neuve, Belgium). Serum progesterone concentrations were determined from device insertion until 24 h after device re-
moval, and serum estradiol-17f concentrations were determined from device removal until the time of detection that ovulation had
occurred. Circulating progesterone concentrations were determined in four assays; the sensitivity was 0.262 ng/mL, and the intra-
assay coefficients of variation (CVs) for quality Control 1 (0.4 ng/mL) and quality Control 2 (3.0 ng/mL) were 10.2% and 7.4%,
respectively. The inter-assay CVs for the same quality controls were 10.8% and 8.7%, respectively. Circulating concentrations of
estradiol-17f3 were determined after using the ether extraction method utilizing a double antibody RIA. This extraction protocol is
routinely used in this laboratory and has been previously reported (Meikle et al., 1997). Samples were analyzed using a duplicate
method in one assay, and the sensitivity was 3.5 pg/mL and the intra-assay CVs for quality Control 1 (88 pg/mL) and quality Control
2 (288 pg/mL) were 8.0% and 3.6%, respectively.

2.5. Experiment 2

The aim of this experiment was to evaluate the effect of PGF2a administration at the beginning of progesterone and estradiol-
based treatment on pregnancy rate in Bos taurus beef heifers. The study was conducted in 11 replicates on different farms located in
Uruguay. A total of 3479, predominantly Hereford-Angus crossbred heifers, with a BCS of 4.5 = 0.1 (scale 1-8) were used; 2690 of
the heifers were 2-years of age (10 replicates), and 789 were 14-months of age (one replicate). In each replicate, the presence or
absence of the CL was confirmed in each heifer using ultrasonography at the beginning of the treatment (Day 0). All herds enrolled in
the study had similar management as that described in Experiment 1 in rangeland conditions with ad libitum access to water, salt and
mineral mixture. The heifers were treated using the same progesterone- and estradiol-based treatment regimen described for
Experiment 1. Prostaglandin F2a (500 pg of cloprostenol sodium, Zoetis) was administered in two half doses (250 pg each) at the time
of insertion and removal of progesterone intravaginal device (two-PG group) or in a single dose at the time of device removal (one-PG
group). Estradiol cypionate and eCG were administered on Day 7 at the time of device removal as described for Experiment 1. Heifers
were randomly assigned to be inseminated in the morning or in the afternoon of Day 9 (i.e., at 48 or at 54 h after device removal) in a
2 X 2 factorial design. Thus, the heifers were treated with PGF2a at the time of device insertion and removal with FTAI occurring at
48 (n = 852) or 54 (n = 896) h after device removal or there was treatment with a single dose of PGF2a at the time of device
removal with FTAI occurring at 48 (n = 835) or 54 (n = 896) h after device removal. Fixed-time Al was performed by two
technicians using frozen semen of one or two bulls per replicate, which were assigned equally to each experimental group. Pregnancy
diagnosis was determined using ultrasonography 30-35 d after insemination.

2.6. Statistical analysis

Statistical analyses were performed using InfoStat software (Di Rienzo et al., 2018). Data were assessed for normality and
homogeneity of variance using histograms, q-q plots, and formal statistical tests as part of the univariate procedure. Follicular
development, serum progesterone and estradiol-17f concentrations were analyzed using generalized linear mixed models (GLMMs),
including the treatments and time as fixed effects with the interactions, and the animal as a random effect. The type of variance-
covariance structures was chosen depending on the magnitude of the Akaike information criterion (AIC) for models conducted when
there was heterogeneous compound symmetry, unstructured, autoregressive, spatial power, and first-order ante-dependence. The
model with the least AIC was selected. The ovulation rate (heifers ovulated/treated) was analyzed using the Fisher’s exact test. In
Experiment 2, the pregnancy rate was analyzed using GLMMs, including the effect of PGF2a treatments (two treatments), the
insemination times (48 h and 54 h), the presence/absence of CL (i.e., estrous cycling/anestrus), and the interactions as fixed effects.
While the replicate, animal identification, technician for insemination, bull and semen batch were included as random effects.
Because the effect of the splitting of PG treatment may be evident only in estrous cycling heifers, data were analyzed with inclusion of
all females and including only those females bearing a CL. The 2-year-old and 14-month-old heifers were analyzed separately. Data
are presented as mean = SEM and the significance level was considered to be P = 0.05.
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Fig. 1. Mean ( = SEM) serum progesterone concentrations (left panel) and ovulatory follicle development (right panel) after prostaglandin (PG) F2a
administration in two half doses at device insertion and removal (filled squares/triangles) or in a single dose at device removal (open squares/
triangles), with a progesterone and estradiol-based treatment regimen for FTAI being imposed in estrous cycling beef heifers (Bos taurus).

3. Results
3.1. Experiment 1

The treatment with PGF2a at the time of insertion of the progesterone intravaginal device resulted in lesser serum progesterone
concentrations throughout the 7-day intravaginal treatment period than the concentrations of the control group (4.2 * 0.3 com-
pared with 8.0 = 1.0ng/mL; P < 0.01; Fig. 1). The two-PG treatment group had a larger preovulatory follicular diameter at the
time of progesterone device removal (12.2 = 0.5 mm) compared with females that were treated with a single dose of PG at the time
of device removal (9.6 + 0.5mm; P < 0.01; Fig. 1). In addition, the heifers that were treated the two-PG administrations had a
larger follicular diameter at the time of the last ultrasonic assessment before ovulation was detected to have occurred
(14.4 = 0.4mm compared with 12.8 = 0.4mm; P < 0.05; Table 1). There were no differences in the mean of estradiol-17f3
concentrations from the time of device removal until the time ovulation was detected to have occurred between the experimental
treatments (P = 0.44; Fig. 2). Heifers in the two-PG group had a lesser time interval from the time of device removal to the time of
detection that ovulation had occurred than those heifers treated only at the time of device removal (Table 1). Ovulation rate did not
differ for the two treatment groups, and the data for results are shown in Table 1, and distribution of ovulation is depicted in Fig. 2.

3.2. Experiment 2

Pregnancy rates of the 2-year-old and 14-month-old heifers are shown in Table 2. In 2-year-old heifers, overall pregnancy rate
regardless estrous cycling or anestrus status, was similar for heifers of two-PG and one-PG treatment group (64.3%, 872/1,356; and
66.5%, 887/1,334, respectively; P = 0.23). In 14-month-old heifers, there was a statistical tendency between the two-PG and one-PG
treatment group for pregnancy percentage (48.5%, 190/392; and 54.7%, 217/397, respectively; P = 0.08). The pregnancy rate was
greater in the heifers that had a CL at the beginning of the treatment period than those heifers without a CL (67.1%, 989/1474
compared with 63.3%, 770/1216, respectively; P < 0.05), and there was no difference in 14-month-old heifers with and without a

Table 1
Effect of the administration of prostaglandin (PG) F2a in two half doses at device insertion and removal (two-PG treatment) or in a single dose at

progesterone intravaginal device removal (one-PG group) with a progesterone- and estradiol-based treatment regimen being imposed for FTAI in
beef heifers (mean + SEM).

Serum progesterone Follicular diameter at  Follicular diameter Follicular growth ~ Ovulation rate  Interval to

concentrations* (ng/mL) device removal (mm) at ovulation (mm) rate** (mm/d) (%) ovulation®** (h)
One-PG treatment 8.0 + 1.0 9.6 = 0.5 12.8 + 0.4 09 = 0.2 83.3% (10/12) 78.0 = 2.7
Two-PG treatment 4.2 = 0.3 12.2 £ 0.5 144 = 0.4 0.8 = 0.1 100% (13/13) 64.6 = 2.9
P-value 0.001 0.001 0.015 0.498 0.425 0.003

* Mean ( = SEM) during 7-day intravaginal progesterone treatment.
** From device removal to ovulation.
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Fig. 2. Mean ( = SEM) serum estradiol-173 concentrations (left panel) and ovulation rate (ovulated heifers/treated heifers; right panel) after
prostaglandin (PG) F2a administration in two half doses at device insertion and removal (filled points/bars), or in a single dose at device removal
(open points/bars), with a progesterone and estradiol-based treatment regimen for FTAI being imposed in estrous cycling beef heifers (Bos taurus).

CL at the time of device insertion (50.0%, 193/386 compared 53.1%, 214/403, respectively, P = 0.38). Regarding those heifers that
had a CL present at the time of device insertion, pregnancy rate was not affected by the split PG treatment (P = 0.33). A tendency (P
= 0.07) was found for the interaction between treatments and insemination times for 2-years-old estrous cycling heifers. Estrous
cycling heifers that were FTAI at 54 h after device removal had a lesser P/AI percentage in the two-PG group than the one-PG group
(P < 0.05; Table 2). For those heifers that did not have a CL at device insertion, there were no differences in pregnancy rate or
insemination times between treatment groups (P = 0.19).

4. Discussion

The results of this study indicate that in estrous cycling Bos taurus beef heifers the ovarian responses during the progesterone and
estradiol-based treatment are affected by PGF2a administration at the time of progesterone device insertion. Administration of PG at
the time of device insertion resulted in lesser progesterone concentrations throughout the period of intravaginal device treatment,
increased the diameter of the ovulatory follicle and an earlier time when ovulation occurred relative to the time of progesterone
device removal. The pregnancy rate was not affected by the PG administration at the time of device insertion, and consequently there
was a lesser fertility when FTAI was delayed to 54 h after device removal.

The positive effect of relatively lesser progesterone concentrations on the growth of the dominant follicle has been clearly
documented (Dadarwal et al., 2013; Sirois and Fortune, 1990; Utt et al., 2003), an effect that is mediated by an increase in the
frequency of LH pulses (Ginther et al., 2001, 2013a; Ireland and Roche, 1982). Relatively greater progesterone concentrations
decrease the frequency of LH pulses (Bergfeld et al., 1996; Ginther and Beg, 2012) and, consequently, suppress follicular growth and
results in smaller follicles (Adams et al., 2008; Stock and Fortune, 1993) from which there is sometimes a failure of ovulation to
occur. If ovulation from small follicles occurs, there is a lesser fertility, probably due to: a) the development of a smaller CL and
subsequently relatively lesser progesterone concentrations than when there is ovulation for relatively larger follicles (Crowe, 2008;
Wiltbank et al., 2012b), b) less oocyte developmental competence (Abreu et al., 2018; Lequarre et al., 2005) or c) lesser preovulatory
estradiol concentrations that negatively affect uterine programming (Binelli et al., 2017; B6 et al., 2016). The optimal progesterone
concentrations for having an endocrine milieu and physiological conditions that results in maximal pregnancy in cattle with use of
FTAI protocols has not been clearly established, and the current study contributes novel information in this regard. In the present
study, circulating progesterone concentrations in heifers treated with PGF2a at the time of device insertion and removal were less
throughout the device treatment period than in heifers treated with a single PG dose at device removal. This effect promoted
preovulatory follicular growth with a greater diameter of the follicle from which ovulation occurred at device removal and at the time
of ovulation. Thus, the results of the current study indicate that in estrous cycling Bos taurus heifers with the use of this strategy, there
was an effective maintenance of optimal progesterone concentrations for promotion preovulatory follicular growth.

In general, the larger the dominant follicle at the end of treatment for FTAIL the lesser the interval to the onset of estrus and
ovulation (Adams et al., 2008; Ginther et al., 2013b; Savio et al., 1993). Ovulatory follicle size and its physiological maturity are
implicated in contributing to the establishment and maintenance of pregnancy (Lamb et al., 2001). In the present study, the interval
from device removal to ovulation was less in heifers that received the split PG treatment. The convenience with use of this treatment
regimen is controversial, because the benefit of increased ovulatory size is negated by the earlier time of ovulation as compared to
when this split PG treatment regimen is not imposed, which is associated with lesser endogenous estradiol during the preovulatory
period (Binelli et al., 2014, 2009) and uterine programming (de La Mata et al., 2018; Sponchiado et al., 2017). Because the interval
from device removal to ovulation appears to affect fertility (Bridges et al., 2008), novel strategies to prolong proestrus length have
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been proposed and implemented with some success (Bridges et al., 2010; De La Mata et al., 2018). Thus, this paradoxical effect of the
PG treatment at device insertion that occurred in Experiment 1, could have an unknown, if not negative, outcome on fertility.

In the present study, even with the differences in the circulating progesterone concentrations and ovulatory follicle diameter
among PG treatment groups, there were similar results in pregnancy rates after FTAL In the present study, the Al was performed at 48
or 54h, and the ovulation occurred approximately 64 to 78 h after progesterone device removal (i.e., on average, 10 to 30 h after
insemination). In estrous cycling 2-year-old heifers that were treated with the two-PG dose regimen and when FTAI was performed at
54 h after device removal, the pregnancy rate was less than in heifers that were treated with PG only at the time of device removal
and FTAI occurred at 48 h. It is hypothesized that the lesser pregnancy rate in heifers where there was FTAI at 54 h was related to a
shorter interval from insemination to ovulation. In the two-PG treatment group, however, P/AI percentage was similar to when FTAI
was performed at 48 h, and thus this result does not fully support this hypothesis. Based on this finding, it does not appear to be
beneficial to treat with the half PG dose at the time of device insertion in Bos taurus heifers. Results from previous studies in Bos
indicus and cross-bred heifers indicated females that had a CL at the beginning of treatment and in which there was relatively greater
circulating progesterone concentrations induced by intravaginal device insertion as compared with females not treated with the
device could have a lesser growth of dominant follicles, which would negatively affect ovulation and pregnancy rate (Cutaia et al.,
2003; Sa Filho et al., 2015; Sales et al., 2015; Vasconcelos et al., 2013). Results of the present study in Bos taurus heifers are not
consistent with these lines of thought in Bos indicus heifers and indicate there was a differentiated effect among these females.
Significant differences have been reported in progesterone pharmacokinetics among Bos indicus and Bos taurus heifers (Carvalho
etal., 2008, 2017). Additionally, when the same progesterone treatment are administered in both genotypes, circulating progesterone
concentrations, which suppress follicular growth and lead to lesser pregnancy rates after Al, are greater in Bos indicus heifers
(Carvalho et al., 2017; Sartori et al., 2016a, 2016b). The differences between the benefit of PG treatment in Bos indicus heifers
reported previously and the neutral effect in Bos taurus heifers that was ascertained in the present study seems to be supported by the
differences in progesterone pharmacokinetics reported previously.

The control of circulating progesterone concentrations by the administration of PG at device insertion may also be affected by the
amount of progesterone contained in the intravaginal device. Findings in the present study are valid only for treatment with devices
containing 0.5 g of progesterone, and in the present study, associated with an eCG treatment at the time of progesterone-device
removal. This protocol for FTAI, consisting of an intravaginal device with 0.5 g of progesterone, EB, ECP and eCG, is the most popular
treatment in South American countries (B6 et al., 2018), where more than 16 million cows and heifers are inseminated annually using
FTAI protocols (Mapletoft et al., 2018). Using this protocol, the administration of a half dose of PG at the time of progesterone device
insertion does not appear to be beneficial for enhancing P/Al percentage in Bos taurus heifers, and the complete dose is recommended
in a single administration at the time of device removal. From a practical perspective, in addition to the easy implementation of the
single PG treatment, the longer period (i.e., from 48 to 56 h) for conducting inseminations may be maintained with use of the single
PG treatment at the time of progesterone device removal. This is relevant for large-scale FTAI programs with 400 to 500 females per
day (insemination am and pm), and in small herds, allows the time of insemination to be more convenient.

5. Conclusions

The administration of PG at the time of insertion of an intravaginal progesterone device (0.5 g) with FTAI results in relatively
lesser progesterone concentrations throughout the treatment period as compared with when there is treatment with a single dose of
PG at the time of device removal. Consequently, there is a larger size of the ovulatory follicle and shorter interval to ovulation in Bos
taurus beef heifers treated using the split PG treatment regimen at the time of insertion and removal of the intravaginal progesterone
device. Pregnancy rate is not different with use of a split dose of PG at the time of progesterone device insertion and removal as
compared with when PG is only administered at the time of device removal, therefore, PG may be administered in a single dose at the
time of device removal without detrimental effects on P/AI percentage.

Declaration of Competing Interest

The authors declare that there is no conflict of interest that could be perceived as prejudicing the impartially of the research
reported.

Acknowledgements

The authors thank Federico Rubio and Diego Rubio for providing animals and facilities, Reynaldo Bonino and Andrés
Penagaricano for handling the animals and Romina Artagaveytia and Camila Brochado for technical assistance throughout
Experiment 1. This study was supported by the Agencia Nacional de Investigacién e Innovacién (ANIL, PR_FMV_3_2016_1_125451),
Syntex Uruguaya, Fundaciba, andFundacién IRAUYy.

References

Abreu, F.M., Coutinho da Silva, M.A., Cruppe, L.H., Mussard, M.L., Bridges, G.A., Harstine, B.R., Smith, G.W., Geary, T.W., Day, M.L., 2018. Role of progesterone
concentrations during early follicular development in beef cattle: I. Characteristics of LH secretion and oocyte quality. Anim. Reprod. Sci. 196, 59-68.
Adams, G.P., Jaiswal, R., Singh, J., Malhi, P., 2008. Progress in understanding ovarian follicular dynamics in cattle. Theriogenology 69, 72-80.


http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0005
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0005
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0010

R. Niifiez-Olivera, et al. Animal Reproduction Science 210 (2019) 106201

Bergfeld, E.G.M., Kojima, F.N., Cupp, A.S., Wehrman, M.E., Peters, K.E., Mariscal, V., Sanchez, T., Kinder, J.E., 1996. Changing dose of progesterone results in sudden
changes in frequency of luteinizing Hormone pulses and secretion of 17f3-estradiol in bovine females. Biol. Reprod. 54, 546-553.

Binelli, M., Machado, R., Bergamaschi, M.A., Bertan, C.M., 2009. Manipulation of ovarian and uterine function to increase conception rates in cattle. Anim. Reprod. 6,
125-134.

Binelli, M., Pugliesi, G., de Oliveira Santana Batista, E., Martins, T., Lopes, E., Sponchiado, M., Gonella-Diaza, A., Oliveira, M., Rodrigues Franca, M., de Oliveira
Cardoso, B., Piffero Mello, B., Souza Gomes, N., Latorraca, L., Cuellar Cuadros, F., 2017. Programacao da receptividade uterina e fertilidade em vacas de corte.
Rev. Bras. Reprod. Anim. Belo Horiz. 41, 121-129.

Binelli, M., Pugliesi, G., Hoeck, V.V., Sponchiado, M., Ramos, R.S., Oliveira, M.L., Franca, M.R., D’Alexandri, F.L., Mesquita, F.S., Membrive, C.M.B., 2014. The role of
proestrus on fertility and postovulatory uterine function in the cow. Anim. Reprod. 11, 246-253.

B6, G.A., de la Mata, J.J., Baruselli, P.S., Menchaca, A., 2016. Alternative programs for synchronizing and resynchronizing ovulation in beef cattle. Theriogenology 86,
388-396.

B6, G.A., Huguenine, E., De La Mata, J.J., Ntunez-Olivera, R., Baruselli, P.S., Menchaca, A., 2018. Programs for fixed-time artificial insemination in South American
beef cattle. Proceedings of the 10" International Ruminant Reproduction Symposium (IRRS 2018) 15, 952-962 (Suppl. 1).

Bridges, G.A., Helser, L.A., Grum, D.E., Mussard, M.L., Gasser, C.L., Day, M.L., 2008. Decreasing the interval between GnRH and PGF2afrom 7 to 5 days and
lengthening proestrus increases timed-Al pregnancy rates in beef cows. Theriogenology 69, 843-851.

Bridges, G.A., Mussard, M.L., Burke, C.R., Day, M.L., 2010. Influence of the length of proestrus on fertility and endocrine function in female cattle. Anim. Reprod. Sci.
117, 208-215.

Carvalho, J.B.P., Carvalho, N.A.T., Reis, E.L., Nichi, M., Souza, A.H., Baruselli, P.S., 2008. Effect of early luteolysis in progesterone-based timed Al protocols in Bos
indicus, Bos indicus x Bos taurus, and Bos taurus heifers. Theriogenology 69, 167-175.

Carvalho, J.P.B., Carvalho, N.A.T., Reis, E.L., Nichi, M., Soares, J.G., Baruselli, P.S., 2017. Efeito da prostaglandina F 2a no inicio do protocolo de sincronizacao da
ovulacao em novilhas leiteiras Bos indicus, Bos taurus e Bos indicus X Bos taurus. Bol. Ind. Anim. Nov. Odessa 74, 122-134.

Crowe, M., 2008. Resumption of ovarian cyclicity in post-partum beef and dairy cows. Reprod. Domest. Anim. 43 (Suppl. 5), 20-28.

Cutaia, L., Peres, L., Pincinato, D., Chesta, P., Ramos, M., B4, G.A., 2007. Programas de sincronizaciéon de celos en vaquillonas de carne: Puntos criticos a tener en
cuenta. Proceedings of the VII Simposio Internacional de Reproduccién Animal, Cérdoba 1, 77-87.

Cutaia, L., Tribulo, R., Moreno, D., B6, G.A., 2003. Pregnancy rates in lactating beef cows treated with progesterone releasing devices, estradiol benzoate and equine
chorionic gonadotropin (eCG). Theriogenology 59, 216 (Abstract).

Dadarwal, D., Mapletoft, R.J., Adams, G.P., Pfeifer, L.F.M., Creelman, C., Singh, J., 2013. Effect of progesterone concentration and duration of proestrus on fertility in
beef cattle after fixed-time artificial insemination. Theriogenology 79, 859-866.

de La Mata, J.J., Ntfiez-Olivera, R., Cuadro, F., Bosolasco, D., De Brun, V., Meikle, A., B6, G.A., Menchaca, A., 2018. Effects of extending the length of pro-oestrus in an
oestradiol- and progesterone-based oestrus synchronisation program on ovarian function, uterine environment and pregnancy establishment in beef heifers.
Reprod. Fertil. Dev. 30, 1541-1552.

Di Rienzo, J.A., Casanoves, F., Balzarini, M.G., Gonzalez, L., Tablada, M., Robledo, C.W., 2018. InfoStat version 2018. Grupo InfoStat, FCA, Universidad Nacional de
Cérdoba, Cérdoba, Argentina Available at http://www.infostat.com.ar [verified 20-09-2018].

Dickinson, S.E., Geary, T.W., Monnig, J.M., Pohler, K.G., Green, J.A., Smith, M.F., 2016. Effect of preovulatory follicle maturity on pregnancy establishment in cattle:
the role ofoocyte competence and the maternal environment. Anim. Reprod. 13, 209-216.

Ginther, O.J., Bashir, S.T., Mir, R.A., Santos, V.G., Beg, M.A., 2013a. Interrelationships among progesterone, LH, and luteal blood flow during a pulse of a
PGF2ametabolite and functional role of LH in the progesterone rebound in heifers. Theriogenology 79, 1110-1119.

Ginther, O.J., Beg, M.A., 2012. Dynamics of circulating progesterone concentrations before and during luteolysis: a comparison between cattle and horses. Biol.
Reprod. 86 (Suppl. 6), 1-12 170.

Ginther, O.J., Bergfelt, D.R., Beg, M.A., Kot, K., 2001. Effect of LH on circulating oestradiol and follicular fluid factor concentrations during follicle deviation in cattle.
Reproduction 122, 103-110.

Ginther, O.J., Pinaffi, F.L.V., Khan, F.A., Duarte, L.F., Beg, M.A., 2013b. Follicular-phase concentrations of progesterone, estradiol-173, LH, FSH, and a
PGF2ametabolite and daily clustering of prolactin pulses, based on hourly blood sampling and hourly detection of ovulation in heifers. Theriogenology 79,
918-928.

Ireland, J.J., Roche, J.F., 1982. Effect of progesterone on basal LH and episodic LH and FSH secretion in heifers. J. Reprod. Fert. 64, 295-302.

Jinks, E.M., Smith, M.F., Atkins, J.A., Pohler, K.G., Perry, G.A., MacNeil, M.D., Roberts, A.J., Waterman, R.C., Alexander, L.J., Geary, T.W., 2012. Preovulatory
estradiol and the establishment and maintenance of pregnancy in suckled beef cows. J. Anim. Sci. 91, 1176-1185.

Lamb, G.C., Stevenson, J.S., Kesler, D.J., Garverick, H.A., Brown, D.R., Salfen, B.E., 2001. Inclusion of an intravaginal progesterone insert plus GnRH and prostaglandin
F2alpha for ovulation control in postpartum suckled beef cows. J. Anim. Sci. 79, 2253-2259.

Lequarre, A.S., Vigneron, C., Ribaucour, F., Holm, P., Donnay, ., Dalbiés-Tran, R., Callesen, H., Mermillod, P., 2005. Influence of antral follicle size on oocyte
characteristics and embryo development in the bovine. Theriogenology 63, 841-859.

Mapletoft, R.J., B6, G.A., Baruselli, P.S., Menchaca, A., Sartori, R., 2018. Evolution of knowledge on ovarian physiology and its contribution to the widespread
application of reproductive biotechnologies in South American cattle. Proceedings of the 10" International Ruminant Reproduction Symposium (IRRS 2018) 15,
1003-1014 Suppl. 1.

Martins, J.P.N., Acevedo, M.J.T., Cunha, T.O., Piterini, C., Pursley, J.R., 2017. The effect of presynchronization with prostaglandin F 2a and gonadotropin-releasing
hormone simultaneously, 7 d before Ovsynch, compared with Presynch-10/0vsynch on luteal function and first-service pregnancies per artificial insemination. J.
Dairy Sci. 100, 5107-5116.

Meikle, A., Tasende, C., Rodriguez, M., Garéfalo, E.G., 1997. Effects of estradiol and progesterone on the reproductive tract and on uterine sex steroid receptors in
female lambs. Theriogenology 48, 1105-1113.

Meneghetti, M., Filho, O.G.S., Peres, R.F.G., Lamb, G.C., Vasconcelos, J.L.M., 2009. Fixed-time artificial insemination with estradiol and progesterone for Bos indicus
cows I: basis for development of protocols. Theriogenology 72, 179-189.

Nunez-Olivera, R., de Castro, T., Garcia-Pintos, C., B6, G., Piaggio, J., Menchaca, A., 2014. Ovulatory response and luteal function after eCG administration at the end
of a progesterone and estradiol’ based treatment in postpartum anestrous beef cattle. Anim. Reprod. Sci. 146, 111-116.

Peres, R.F.G., Junior, 1.C., Filho, O.G.S., Nogueira, G.P., Vasconcelos, J.L.M., 2009. Strategies to improve fertility in Bos indicus postpubertal heifers and nonlactating
cows submitted to fixed-time artificial insemination. Theriogenology 72, 681-689.

Perry, G.A., Swanson, O.L., Larimore, E.L., Perry, B.L., Djira, G.D., Cushman, R.A., 2014. Relationship of follicle size and concentrations of estradiol among cows
exhibiting or not exhibiting estrus during a fixed-time AI protocol. Domest. Anim. Endocrinol. 48, 15-20.

Perry, G.A., Smith, M.F., Roberts, A.J., MacNeil, M.D., Geary, T.W., 2007. Relationship between size of the ovulatory follicle and pregnancy success in beef heifers. J.
Anim. Sci. 85, 684-689.

S4 Filho, M.F., Nasser, L.F.T., Penteado, L., Prestes, R., Marques, M.O., Freitas, B.G., Monteiro, B.M., Ferreira, R.M., Gimenes, L.U., Baruselli, P.S., 2015. Impact of
progesterone and estradiol treatment before the onset of the breeding period on reproductive performance of Bos indicus beef heifers. Anim. Reprod. Sci. 160,
30-39.

Sales, J.N.S., Carvalho, J.B.P., Crepaldi, G.A., Soares, J.G., Girotto, R.W., Maio, J.R.G., Souza, J.C., Baruselli, P.S., 2015. Effect of circulating progesterone con-
centration during synchronization for fixed-time artificial insemination on ovulation and fertility in Bos indicus (Nelore) beef cows. Theriogenology 83,
1093-1100.

Sartori, R., Gimenes, L.U., Monteiro, P.L.J., Melo, L.F., Baruselli, P.S., Bastos, M.R., 2016a. Metabolic and endocrine differences between Bos taurus and Bos indicus
females that impact the interaction of nutrition with reproduction. Theriogenology 86, 32-40.

Sartori, R., Monteiro, P.L.J., Wiltbank, M.C., 2016b. Endocrine and metabolic differences between Bos taurus and Bos indicus cows andimplications for reproductive
management. Anim. Reprod. 13, 168-181.


http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0015
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0015
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0020
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0020
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0025
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0025
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0025
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0030
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0030
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0035
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0035
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0040
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0040
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0045
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0045
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0050
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0050
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0055
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0055
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0060
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0060
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0065
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0070
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0070
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0075
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0075
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0080
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0080
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0085
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0085
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0085
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0090
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0090
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0095
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0095
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0100
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0100
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0105
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0105
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0110
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0110
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0115
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0115
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0115
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0120
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0125
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0125
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0130
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0130
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0135
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0135
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0140
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0140
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0140
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0145
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0145
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0145
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0150
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0150
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0155
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0155
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0160
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0160
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0165
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0165
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0170
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0170
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0175
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0175
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0180
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0180
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0180
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0185
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0185
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0185
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0190
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0190
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0195
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0195

R. Niifiez-Olivera, et al. Animal Reproduction Science 210 (2019) 106201

Savio, J.D., Thatcher, W.W., Morris, G.R., Entwistle, K., Drost, M., Mattiacci, M.R., 1993. Effects of induction of low plasma progesterone concentrations with a
progesterone-releasing intravaginal device on follicular turnover and fertility in cattle. Reproduction 98, 77-84.

Sirois, J., Fortune, J.E., 1990. Lengthening the bovine estrous cycle with low levels of exogenous progesterone: a model for studying ovarian follicular dominance.
Endocrinology 127, 916-925.

Sponchiado, M., Gomes, N.S., Fontes, P.K., Martins, T., Del Collado, M., Pastore, A.D.A., Pugliesi, G., Nogueira, M.F.G., Binelli, M., 2017. Pre-hatching embryo-
dependent and -independent programming of endometrial function in cattle. PLoS One 12, 1-23.

Stock, A.E., Fortune, J.E., 1993. Ovarian follicular dominance in cattle: relationship between prolonged growth of the ovulatory parameters. Endocrinology 132,
1108-1114.

Utt, M.D., Jousan, F.D., Beal, W.E., Utt, M.D., Jousan, F.D., Beal, W.E., 2003. The effects of varying the interval from follicular wave emergence to progestin
withdrawal on follicular dynamics and the synchrony of estrus in beef cattle. J. Anim. Sci. 81, 1562-1567.

Vasconcelos, J.L.M., Pereira, M.H.C., Meneghetti, M., Dias, C.C., Filho, O.G.S., Peres, R.F.G., 2013. Relationships between growth of the preovulatory follicle and
gestation success in lactating dairy cows. Anim. Reprod. 10, 206-214.

Vizcarra, J.A., Wettemann, R.P., 1996. Reproducibility, repeatability, and degree of expertise required to assess body condition score in beef cattle. Prof. Anim. Sci. 12,
28-31.

Wiltbank, M.C., Salih, S.M., Atli, M.O., Luo, W., Bormann, C.L., Ottobre, J.S., Vezina, C.M., 2012a. Comparison of endocrine and cellular mechanisms regulating the
corpus luteum of primates and ruminants. Anim. Reprod. 9, 242-259.

Wiltbank, M.C., Souza, A.H., Giordano, J.O., Nascimento, A.B., Vasconcelos, J.M., Surjus, R.S., Carvalho, P.D., Bender, R.W., Sartori, R., 2012b. Positive and negative
effects of progesterone during timed Al protocols in lactating dairy cattle. Anim. Reprod. 9, 231-241.


http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0200
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0200
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0205
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0205
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0210
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0210
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0215
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0215
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0220
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0220
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0225
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0225
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0230
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0230
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0235
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0235
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0240
http://refhub.elsevier.com/S0378-4320(19)30515-9/sbref0240

	Is prostaglandin F2α administration at the beginning of a progesterone and estradiol-based treatment for FTAI an effective strategy in Bos taurus heifers?
	Introduction
	Materials and methods
	Animals and management
	Experiment 1
	Ultrasonic examinations
	Hormonal determinations
	Experiment 2
	Statistical analysis

	Results
	Experiment 1
	Experiment 2

	Discussion
	Conclusions
	mk:H1_14
	Acknowledgements
	References




