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Abstract. This study compared the responses shown by lactating dairy cows to four different P4-based protocols for AI at 
estrus. Cows with no estrous signs 96 h after progesterone intravaginal device (PRID) removal were subjected to fixed-time 
AI (FTAI), and their data were also included in the study. In Experiment I, follicular/luteal and endometrial dynamics were 
assessed every 12 h from the beginning of treatment until AI. The estrous response was examined in Experiment II, and 
fertility was assessed in both experiments. The protocols consisted of a PRID fitted for five days, along with the administration 
of different combinations of gonadotropin releasing hormone (GnRH), equine chorionic gonadotropin and a single or double 
dose (24 h apart) of prostaglandin F2α. In Experiment I (40 cows), animals receiving GnRH at the start of treatment showed 
a significantly higher ovulation rate during the PRID insertion period while estrus was delayed. In Experiment II (351 cows), 
according to the odds ratios, cows showing luteal activity at the time of treatment were less likely to show estrus than cows 
with no signs of luteal activity. Treatment affected the estrous response and the interval from PRID removal to estrus but did 
not affect conception rates 28–34 days post AI. Primiparous cows displayed a better estrous response than multiparous cows. 
Our findings reveal acceptable results of 5-day P4-based protocols for AI at estrus in high-producing dairy cows. Time from 
treatment to estrus emerged as a good guide for FTAI after a 5-day P4-based synchronization protocol.
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In the past few decades, high-producing dairy herds have suffered 
a rise in reproductive disorders and a decline in fertility linked to 

numerous factors [1, 2] besides increased milk production [3–5]. The 
health and fertility of dairy cows has been improved through new 
management practices that pursue animal well-being [6], and this has 
meant a higher level of management in high-producing compared 
with lower-producing herds [7]. However, both the high incidence 
of cows suffering anestrus [8] and the poor detection of estrus [9] 
remain major concerns in dairy herds and are cogent reasons why 
breeding synchronization protocols for fixed-time insemination (FTAI) 
have become routine components of the reproductive management 
of lactating cows.

Ovulation and estrus can be induced by progesterone (P4) treatment 
(for 7–9 days) in combination with gonadotropin releasing hormone 
(GnRH) or an analog and prostaglandin F2α (PGF2α) or an analog 
[10–13]. Progesterone-based protocols allow for effective FTAI 
in lactating dairy cows, regardless of whether cows are cyclic or 

noncyclic (anestrous cows) and without the need to detect estrus 
[14–16]. Five-day P4-based protocols have provided results that 
compare favorably with those observed for longer protocols [17–19]. 
Briefly, Lima et al. [17] questioned the administration of GnRH 
on the first day of the protocol when animals received a single 
dose of prostaglandin F2α (PGF2α) 5 days later. Ribeiro et al. [18] 
increased the number of pregnancies per AI by administering twice 
the luteolytic dose of PGF2α given 24 h apart at P4-device removal 
in presynchronized lactating cows. Finally, Garcia-Ispierto et al. 
[19] improved fertility on spontaneous estrus by adding eCG at 
P4-device removal in high-producing dairy cows under heat stress.

The success of five-day P4-based protocols is probably due to the 
conversion of younger, healthier oocytes into follicles with a shorter 
dominance life than longer protocols [20–22]. These shorter estrus 
synchronization protocols make use of different combinations of 
hormones such as GnRH, equine chorionic gonadotropin (eCG) and/
or PGF2α given as two luteolytic doses 24 h apart upon P4-device 
removal. The role of each hormonal drug and intervals between the 
drugs used in each protocol could depend on the cyclicity status of 
the cow. To clarify the effectiveness of different five-day P4-based 
protocols in a recent study [23], we assessed the following in 
cycling and non-cycling lactating dairy cows: follicular and luteal 
dynamics (at treatment and AI and at 10 days after AI) and fertility 
in response to four 5-day P4-based protocols for FTAI, including the 
most representative different hormone combinations described in the 
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literature. Thus, the effects of GnRH (on the first day of the protocol) 
and eCG (on P4 device removal) and the effects of a single or double 
dose (given 24 h apart) of PGF2α upon P4 device removal were 
examined. All four protocols tested were able to induce ovulation in 
both cyclic and noncyclic animals such that FTAI returned a pregnancy 
rate similar to that for spontaneous estrus. The results of this study 
[23] furthermore suggested that the ovarian response and fertility 
resulting from each treatment were due more to the ovarian structures 
present at the time of treatment than to the different combinations of 
hormones investigated. Therefore, differences in estrous response 
for the different protocols should be expected so that FTAI can be 
better adjusted for each protocol. Aiming to improve FTAI with 
five-day P4-based protocols, this study compared the effects of the 
four protocols examined previously [23] on follicular/luteal and 
endometrial dynamics, assessed every 12 h from treatment onset 
until AI (Experiment I), and the estrous response (Experiment II) 
in lactating dairy cows. Fertility was assessed in both experiments.

Materials and Methods

Cattle and herd management
The study was performed on two well-managed, high-producing, 

commercial Holstein-Friesian dairy herds in northeastern Spain. The 
mean numbers of lactating cows in the herds were 825 (Herd 1) and 
1825 (Herd 2) during the study period (April 2013 to May 2014). The 
mean annual culling rate was 28%. Mean annual milk production 
for the herds during the study period was 12,528 kg per cow. The 
cows were grouped according to age (primiparous vs. multiparous), 
milked three times daily and fed complete rations. Dry cows were 
kept in a separate group and transferred to a “parturition group” 
7–25 days before parturition depending on their body condition 
score [24, 25] and if they carried twins [26]. An early postpartum, or 
“fresh cow,” group was established for postpartum daily checks and 
nutrition controls 7 to 20 days postpartum. All cows were artificially 
inseminated. Although estrus detection started on day 14 postpartum, 
the voluntary waiting period for the herd was 50 days.

Reproductive health management
In the postpartum daily checks, the following puerperal diseases 

were treated until resolved or until culling: signs of injury to the 
genital area (i.e., vaginal or recto-vulvar lacerations), metabolic 
diseases such as hypocalcemia and ketosis (for the latter, diagnosed 
during the first or second week postpartum), retained placenta (fetal 
membranes retained longer than 12 h after parturition) and puerperal 
metritis (diagnosed during the first or second week postpartum in 
cows not suffering placenta retention).

The herd was maintained on a weekly reproductive health program. 
This involved examining the reproductive tract of each animal by 
ultrasound from 15 to 21 days postpartum to check for normal uterine 
involution and ovarian structures. Reproductive disorders diagnosed 
at this time such as endometritis or ovarian cysts were treated until 
resolved. Detectable cloudy intrauterine fluid was interpreted as 
endometritis [27]. An ovarian cyst was diagnosed when a follicular 
structure larger than 20 mm in diameter (external diameter including 
the wall) was detected in either or both ovaries in the absence of 
a corpus luteum (CL) and uterine tone [28]. A second exam was 

performed to check uterine and ovarian structures at the end of 
the voluntary waiting period on days 40–46 postpartum. Possible 
endometritis and/or ovarian cysts were also recorded and treated 
at this time. In the latter exam, a cow was recorded as suffering 
follicular anovulation when a follicular structure of at least 8–15 
mm was detected in two consecutive examinations in the absence 
of a CL or cyst and when no estrous signs were noted during the 
7-day period between the exams [14].

Since a retained placenta or puerperal metritis has been related to 
subsequent pregnancy loss in cows [29], both disorders were always 
treated by introducing oxytetracycline boluses into the uterus and 
administering cefquinome sulfate i.m. and then administering PGF2α 
at the end of treatment. Prostaglandin F2α or a synthetic analog was 
also used to treat pyometra and ovarian cysts. In the latter case, 
treatment was subsequent to manual rupture of the cystic structure 
per rectum [30]. Cows suffering follicular anovulation received a 
progesterone-based treatment [16].

Detection of estrus, insemination and pregnancy diagnosis
Estrus was detected using a pedometer system (AfiFarm System; 

SAE Afikim). Walking activity values were recorded at the milking 
parlor (three times daily) and analyzed automatically using a herd 
management computer program. A walking activity greater than 
80% of the mean activity recorded in the previous 2 days was taken 
as the lower limit for a cow to be considered in estrus. Since this 
herd was observed in a previous study to show a very significant 
positive relationship between increased walking activity and fertility 
provided this increase was 80% to 993% [31], values lower than 
80% were not considered as estrus signs. Prior individual information 
concerning estrus detection was also taken into account. For example, 
if a cow normally showed a 400% increase in activity but showed 
an increase of around 120% during its two last estrus periods, the 
cow was explored for possible conditions other than estrus such as 
acute lameness or a change in location.

All cows were artificially inseminated using semen from bulls 
of proven fertility. Estrus was confirmed by palpation per rectum 
[32, 33] in cows deemed to be in estrus using the pedometer system 
described above, and the animals were inseminated at this time. 
Only cows showing estrous signs with strong uterine contractility 
(determined by uterine tone) and copious transparent vaginal fluid 
were inseminated [9, 34]. If a cow returned to estrus, its status was 
confirmed by examination per rectum, and the animal was recorded 
as nonpregnant. In the remaining cows, pregnancy diagnosis was 
performed by ultrasound at 28–34 days post AI.

Experimental design
All procedures were approved by the Ethics Committee on Animal 

Experimentation of the University of Lleida (license numbers 
CEEA.09-01/12 and CEEA.09-01/13).

During the weekly reproductive visit, open cows more than 60 days 
in milk with no estrous signs for at least 21 days and no reproductive 
disorders such as ovarian cysts or endometritis detected by ultrasound 
were randomly assigned to one of the following groups: 2PGG, 
2PGGe, 2PGe and PGe (Fig. 1). Cows in the 2PGG group were 
treated with a progesterone-releasing intravaginal device (PRID) 
(PRID DELTA, containing 1.55 g of progesterone; CEVA Salud 
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Animal, Barcelona, Spain) plus GnRH (100 μg i.m.; Cystoreline, 
CEVA Santé Animale, Libourne, France) upon PRID insertion. The 
PRID was left for 5 days, and these animals were also given PGF2α 
(25 mg dinoprost i.m.; Enzaprost, CEVA Santé Animale) on PRID 
removal. Twenty-four hours later, the cows received a second PGF2α 
dose and were inseminated, and they received a second GnRH dose 
either at estrus (cows showing estrus) or 96 h after PRID removal 
(FTAI: cows with no estrous signs). Cows with no estrous signs 96 
h after PRID removal were subjected to FTAI, and their data were 
also included in the study. The remaining groups were treated with 
the same P4-based protocol but with the following differences: cows 
in the 2PGGe group received 500 IU of eCG i.m. (Syncostim, CEVA 
Santé Animale) on PRID removal; cows in 2PGe received eCG on 
PRID removal and no GnRH on PRID insertion; and cows in the PGe 
group received eCG on PRID removal, no GnRH on PRID insertion 
and no second dose of PGF2α. Only healthy cows with no signs of 
mastitis, lameness or digestive disorders were included in the study. 
Two experiments were performed, one to investigate the effects of 
treatments on follicular/luteal/endometrial dynamics (Experiment I) 
and one to investigate the estrous response (Experiment II). Fertility 
was assessed in both experiments.

Cows diagnosed as not pregnant received no further treatment. 
This meant that a cow entered in a five-day P4-based protocol was 
included only once in both experiments.

Experiment I. Effects of four different P4-based estrus 
synchronization protocols on follicular/luteal/endometrial 
dynamics

This experiment was designed to establish the possible effects 
of each treatment on follicular/luteal/endometrial dynamics. The 
data examined were derived from 40 lactating Holstein-Friesian 
cows in Herd 1 for the period April to May 2013. All cows were 
inseminated by the same technician using semen from a single bull. 
All gynecological exams and pregnancy diagnoses were performed 
by the second author.

The ovaries were examined by real-time (no video tapes) transrectal 
ultrasonography. The ultrasound machine was equipped with a 7.5 
MHz linear array transducer. Individual follicles > 8 mm and CLs 
> 10 mm were identified sequentially from day 0 to AI every 12 h 
(Fig. 1) as previously described [35]. The location of each structure 
was determined in two planes, the craniocaudal and mediolateral 
planes, by positioning the transducer over an ovary and rotating 
the transducer around its long axis. Follicle diameter was measured 
using the internal calipers of the ultrasound machine, and CL size 
was estimated by averaging the longest and widest measured points 
of the structure. In each examination, the ovary was sketched in the 
two planes to show the relative location and size of the structures. 
Also follicle size was determined without reference to records in each 
examination except the first, and the positions of individual follicles 
were compared with the sketch from the previous examination. In 

Fig. 1. Treatment protocols used to synchronize estrus for AI at estrus or for fixed-time AI (FTAI) 96 h after progesterone releasing intravaginal device 
(PRID) removal in high-producing dairy cows. All cows were fitted with a PRID (PRID DELTA, containing 1.55 g of progesterone; CEVA Salud 
Animal, Barcelona, Spain) for 5 days and received a GnRH dose at AI. Experiment I (40 cows): individual follicles > 8 mm and CLs > 10 mm 
were recorded from day 0 to AI every 12 h; the uterine horns were scanned every 12 h from PRID removal to AI to determine the presence of 
hypoechoic or dark areas of the endometrium; and blood samples for P4 determination were obtained in a subset of 28 cows. Experiment II (351 
cows): luteal structures were recorded at the beginning of the treatment.
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this manner, individual follicles that were identifiable were given a 
letter code, which was maintained for as long as the follicle diameter 
remained ≥ 8 mm.

From PRID removal to AI, the uterine horns were scanned every 
12 h to determine the presence of hypoechoic or dark areas of the 
endometrium, including anechoic intrauterine fluid (IUF), as an 
indicator of estrus [36]. In a subset of cows (n = 28), blood samples 
were collected from the coccygeal vein into heparinized vacuum tubes 
(BD VacutainerTM, Becton, Dickinson and Company, Plymouth, UK) 
immediately before an ultrasound exam. Progesterone concentrations 
were determined in plasma using an enzyme-linked immunosorbent 
assay (ELISA) (Ridgeway Science, Alvington, Gloucestershire, UK). 
The sensitivity of the assay was 0.15 ng/ml.

The following data were recorded for each animal: parturition 
and treatment dates; parity (primiparous vs. multiparous); treatment 
(2PGG, 2PGGe, 2PGe or PGe); milk production at treatment (mean 
production during the three days before treatment) (low producers 
< 40 kg versus high producers ≥ 40 kg); days in milk at treatment 
(DIM; < 90 days postpartum vs. ≥ 90 days postpartum); cyclicity at 
treatment (CY: presence of at least one CL); ovulation after PRID 
insertion (disappearance of a follicular structure larger than 8 mm 
associated with the development of a young CL 24–48 h later in the 
same location); follicular dynamics after PRID insertion (appearance 
or disappearance of a follicular structure larger than 10 mm before 
PRID removal); follicular structures on PRID removal (presence 
or absence of at least a follicle > 10 mm in diameter); plasma 
progesterone concentrations on PRID removal and 12, 24, 36, 48, 
60, 72, 84 and 96 h later; luteal structures at AI (presence vs absence 
of at least one CL); diameter of the largest follicle at AI (continuous 
variable); uterine indicators of estrus (presence vs absence); estrus 
detection after PRID removal (presence vs absence); hours from 
PRID removal to AI (continuous variable); and conception rate 
28–34 days post AI.

All categorical variables were analyzed by Tukey-Kramer tests, 
and continuous variables were analyzed by analysis of variance 
(ANOVA) and Tukey post hoc tests using the logistic procedure. 
The effects of treatment on the interval (h) from PRID removal to 
AI were assessed by ANOVA and Tukey post hoc tests using the 
logistic procedure of PASW Statistics for Windows Version 18.0 
(SPSS, Chicago, IL, USA). The effects of treatment on progesterone 
concentrations after PRID removal were determined by general linear 
model repeated measures ANOVA. Significance was set at P < 0.05.

Experiment II. Effects of the four different P4-based estrus 
synchronization protocols on estrus detection and the 
conception rate

Since a clear effect of treatment on time from PRID removal to 
estrus was observed in Experiment I, Experiment II was designed 
to evaluate the effects of each treatment on the estrous response and 
fertility in a larger study population including 257 and 94 cows from 
Herds 1 and 2, respectively, for the period of June 2013 through May 
2014. The data recorded for each animal were the same as those 
for Experiment I, though this time we did not record ovarian and 
uterine structures following PRID insertion or plasma progesterone 
concentrations after PRID removal. Cyclicity at treatment and herd 
were registered as two classes of independent variables (absence of 

luteal structures or presence of at least one CL and Herd 1 or Herd 
2). Treatment dates were used to assess the effects of season on 
subsequent reproductive performance. In our geographical region, 
there are only two clearly differentiated weather periods: warm (May 
to September) and cool (October to April) [37, 38].

Two binary logistic regression analyses were performed using 
estrous response after PRID removal or conception 28–34 days post 
AI as the dependent variables. The factors entered in the model as 
independent variables were herd, season of treatment, parity, treatment, 
milk production and days in milk at treatment, cyclicity at treatment, 
semen-providing bull and AI technician. For the dependent variable 
conception rate, the estrus response was added as an independent 
variable. Regression analyses were conducted according to the 
method of Hosmer and Lemeshow [39] using the logistic procedure 
of PASW Statistics for Windows Version 18.0 (SPSS). Significance 
was set at P < 0.05.

The effects of treatment on the interval (h) from PRID removal 
to estrus were analyzed as described in Experiment I for the interval 
from PRID removal to AI. In this case, only cows showing estrus 
were included in the analysis.

Results

Experiment I. Effects of the four different P4-based estrus 
synchronization protocols on follicular/luteal/endometrial 
dynamics

Mean milk production and number of lactations at the time of 
treatment were 40 ± 8.4 kg and 2.5 ± 0.2 lactations, respectively 
(mean ± SD). Table 1 provides data on the effects of treatment for 
each variable. Cows receiving GnRH at the beginning of treatment 
(groups 2PGG and 2PGGE) showed a significantly higher ovulation 
rate after PRID insertion (OV) and a lower rate of follicular structures 
larger than 10 mm on PRID removal (FO) than cows not receiving 
a first GnRH dose (groups 2PGe and PGe) (P < 0.05). Parity, days 
in milk, milk production and cyclicity at treatment could not be 
related to OV or FO.

Cows receiving the PGe treatment were inseminated a mean of 
19 h earlier (P < 0.01) than cows given the remaining treatments. 
Ovulating cows (n = 16) were inseminated significantly (P < 0.05) 
later (88.5 ± 1.5 h) after PRID insertion than non-ovulating cows (n 
= 24; 75 ± 3.4 h). Cows with follicular structures larger than 10 mm 
on PRID removal (n = 30) were inseminated significantly (P < 0.05) 
earlier (77.6 ± 2.9 h) than the remaining cows (n=10; 88.8 ± 1.9 h).

Parity, days in milk, milk production, cyclicity at treatment onset 
and uterine indicators of estrus had no impact on the estrus detection 
rate. Uterine indicators of estrus were recorded in 36 cows, of which 
23 (63.9%) showed estrus, whereas 1 (25%) of the 4 cows with no 
uterine indicators did show signs of estrus. No factors were related 
to the conception rate.

The maximal CL diameter recorded at AI was smaller than 12 
mm. Plasma progesterone concentration decreases from PRID 
removal to AI were similar for all treatments and for cows with or 
without a CL. All cows showed plasma progesterone levels lower 
than 0.5 ng/ml at AI.
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Experiment II. Effects of the four different P4-based estrus 
synchronization protocols on estrus detection and the 
conception rate

Mean milk production and number of lactations at the time of 
treatment were 45 ± 4.6 kg and 2.5 ± 0.1 lactations, respectively 
(mean ± SD). Table 2 provides data on the treatment effects for each 
variable. Cows not given GnRH at the start of treatment but receiving 
a double dose of PGF2α (group 2PGe) showed a significantly higher 
estrous response than cows in the remaining treatments (P < 0.05). 
Cows given the PGe treatment displayed estrus an average of 5 h 
earlier (P < 0.01) than cows receiving the remaining treatments.

Based on the odds ratios (Table 3), cows with luteal activity at 
treatment were less likely (by a factor of 0.6) to show estrus than 
cows with no luteal activity (P = 0.03). Primiparous cows were more 
likely (by a factor of 1.41) to show estrus than multiparous cows 
(P = 0.001). Cows given the 2PGe treatment were more likely (by 
a factor of 2.21) to show estrus than cows receiving the remaining 
treatments (P = 0.001).

No significant effects of the variables examined on the conception 
rate were identified by binary logistic regression. All treatments gave 
rise to a mean conception rate of 42.5%.

Table 1. Effects of the different treatments on each variable (Experiment I; N = 40)

Treatment
2PGG 

(N = 12) 
N (%)

2PGGe 
(N = 11) 
N (%)

2PGe 
(N = 7) 
N (%)

PGe 
(N = 10) 
N (%)

Total 
(N = 40) 
N (%)

Dependent variable*
CY 7 (58.3) 8 (72.7) 5 (71.4) 10 (100) 30 (75)
OV 7 (58.3) a 8 (72.7) a 1 (14.3) b 0 (0) b 16 (40)
FD 4 (33.3) 7 (63.3) 3 (42.9) 1 (10) 15 (37.5)
FO 8 (66.7) a 5 (45.5) a 7 (100) b 10 (100) b 13 (32.5)
ER 6 (50) 7 (63.6) 2 (42.9) 8 (80) 24 (60)
CL 4 (33.3) 5 (45.5) 2 (28.6) 5 (50) 16 (40)
UI 10 (83.3) 10 (90.9) 7 (100) 9 (90) 36 (90)
FS (mean ± SD) 16 ± 0.2 19 ± 0.2 20 ± 0.6 20 ± 0.6 19 ± 0.1
HO (mean ± SD) 85 ± 2.3 c 82.9 ± 13.6 c 89.1 ± 6.8 c 66 ± 3.6 d 80.4 ± 15
CR 2 (16.7) 5 (45.5) 3 (42.9) 3 (30) 13 (32.5)

* Values for each categorical variable with a different superscript differ significantly according to Tukey-Kramer tests 
(P < 0.05). Values of the continuous variable HO with different superscripts differ significantly according to ANOVA and 
Tukey post-hoc tests (P < 0.01). Dependent variables: CY, cyclicity at treatment; OV, ovulation after PRID insertion; FD, 
follicular dynamics after PRID insertion (appearance or disappearance of a follicular structure larger than 10 mm before 
PRID removal); FO, presence of at least a follicular structure larger than 10 mm on PRID removal; ER, estrus detection 
rate after PRID removal; CL, presence of at least a CL at AI; UI, uterine indicators of estrus; FS, follicular size (diameter in 
mm) of the largest follicle at AI; HO, hours from PRID removal to AI; CR, conception rate 28–34 days post AI. Treatments 
(all cows received a GnRH dose at AI; AI was performed at estrus/FTAI was performed 96 h after PRID removal): 2PGG: 
PRID for 5 days, GnRH on day 0, PGF2α on PRID removal and 24 h later. 2PGGe: PRID for 5 days, GnRH on day 0, PGF2α 
plus eCG on PRID removal and PGF2α 24 h later. 2PGe: PRID for 5 days, PGF2α plus eCG on PRID removal and PGF2α 24 
h later. PGe: PRID for 5 days, PGF2α plus eCG on PRID removal.

Table 2. Effects of the different treatments on each variable (Experiment II; N = 351)

Treatment
2PGG 

(N = 90) 
N (%)

2PGGe 
(N = 86) 
N (%)

2PGe 
(N = 89) 
N (%)

PGe 
(N = 86) 
N (%)

Total 
(N = 351) 

N (%)

Dependent variable*
CY 53 (58.9) 50 (58.1) 48 (53.9) 48 (55.8) 199 (56.7)
ER   42 (46.6) a   45 (52.3) a   62 (69.7) b 37 (43) a 186 (53)
HO (mean ± SD) 70.3 ± 11.2 c 72.1 ± 12.8 c 70.6 ± 14 c 64.8 ± 10.9 d 69.5 ± 12.3
CR 39 (43.3) 38 (44.2) 36 (40.4) 35 (40.7) 149 (42.5)

* Values for each categorical variable with a different superscript differ significantly according to Tukey-Kramer tests (P 
< 0.05). Values of the continuous variable HO with different superscripts differ significantly according to ANOVA and 
Tukey post-hoc tests (P < 0.01). Dependent variables: CY, cyclicity at treatment; ER, estrous response after PRID removal; 
HO, hours from PRID removal to estrus only in cows showing estrus; CR, conception rate 28–34 days post AI. Treatments 
(all cows received a GnRH dose at AI; AI was performed at estrus/FTAI was performed 96 h after PRID removal): 2PGG: 
PRID for 5 days, GnRH on day 0, PGF2α on PRID removal and 24 h later. 2PGGe: PRID for 5 days, GnRH on day 0, PGF2α 
plus eCG on PRID removal and PGF2α 24 h later. 2PGe: PRID for 5 days, PGF2α plus eCG on PRID removal and PGF2α 24 
h later. PGe: PRID for 5 days, PGF2α plus eCG on PRID removal.
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Discussion

To the best of our knowledge, this study is the first to examine 
the estrous response and subsequent fertility of cows subjected to 
short (5-day) progesterone-based estrus synchronization protocols. 
Ovarian and endometrial dynamics from the start of treatment until 
AI were also assessed. Our findings indicate the good performance 
of all these protocols applied to high-producing dairy cows. Points 
to be highlighted were that cows receiving GnRH at treatment onset 
showed a greater likelihood of ovulation during the PRID insertion 
period and were less likely to have at least one follicular structure larger 
than 10 mm upon PRID removal than cows not receiving this initial 
GnRH dose. In addition, cyclicity at the time of treatment negatively 
affected the estrous response. The given treatment had impacts on 
both the estrous response and the time from PRID removal to estrus, 
but not on fertility. Collectively, our results suggest that the different 
combinations of hormones tested here lead to acceptable fertility and 
that the time from treatment to estrus could serve as a good guide 
for FTAI after a 5-day progesterone-based synchronization protocol.

Ovulation during the PRID insertion period (five days) is likely to 
yield a CL that is too young upon PRID removal. Although complete 
luteolysis at AI was observed in all cows (Table 1), the induced CL 
would have little chance to respond to the first prostaglandin dose 
[40, 41]. It is known that treatment with a single PGF2α dose results 
in partial luteolysis in cows with a CL younger than 5 days [42, 43], 
so a second prostaglandin dose 24 h later should complete luteolysis. 
This delayed luteolysis explains why cows subjected to the 2PGG 
and 2PGGe protocols showed a greater interval from PRID removal 
to estrus (Table 2) or AI (Table 1) compared with those subjected to 
the PGe protocol. Ovulation during PRID treatment was not recorded 
for the PGe protocol, which did not include a GnRH dose at PRID 
insertion or a second PGF2α dose. Therefore, the CL of cows receiving 
PGe should be older than the CL of cows in the 2PGG and 2PGGe 
groups, and the condition of the CL might be the same as that in the 
2PGe group, in which ovulation was only registered in a single cow. 
In these two groups, PGe and 2PGe, luteolysis is likely completed 
earlier, and eCG likely favors earlier estrus. However, cows in the 

2PGe group not given GnRH at the start of treatment but receiving 
a second PGF2α dose showed an interval from PRID removal to 
estrus that was similar to those of animals in the 2PGG and 2PGGe 
groups (Table 2). Interestingly, the greatest estrous response was 
recorded in cows in the 2PGe group (Table 2). The second PGF2α 
dose probably reduced progesterone level favoring estrous signs in 
cows maintaining luteal activity. This could explain both the higher 
estrous response compared with the remaining groups and the delayed 
interval from PRID removal to estrus compared with the PGe group.

Luteal activity at the time of treatment negatively affected the 
estrous response (Table 3). The presence of a CL at treatment 
probably hinders the development of a preovulatory follicle that is 
large enough to produce estrous signs [9]. This idea is supported by 
the fact that, in Experiment I, cows with follicular structures larger 
than 10 mm on PRID removal were inseminated earlier than the 
remaining cows and the fact that cows ovulating during the PRID 
insertion period (cows with an induced CL) were inseminated later 
than non-ovulating cows. However, the estrous response was not 
a factor affecting fertility in Experiment II. Since eCG with high 
FSH- and LH-like activity [44] was not included in all the protocols, 
GnRH at AI synchronized ovulation regardless of follicular diameter 
and estrous behavior.

The warm period of the year is usually the main factor negatively 
affecting estrous behavior [31], the estrous response to different 
synchronization protocols [16] and fertility [2, 3, 38] in our region. 
Thus, P4 treatment probably reduced the effects of heat stress, and 
season did not emerge as a factor affecting the estrous response 
or fertility, reinforcing the results of our prior work on five-day 
P4-based protocols [19, 23]. Primiparous cows showed a higher 
estrous response than their multiparous partners (Table 3), as has 
been extensively described [9].

The present findings show acceptable results of 5-day progesterone-
based protocols for AI performed at estrus or for FTAI conducted 
96 h after PRID removal in high-producing dairy cows. Although 
treatment affected both the estrous response and the interval from 
PRID removal to estrus, fertility was similar for all protocols. All 
protocols were able to overcome the negative effects of heat stress.

Table 3. Odds ratios of the variables included in the final logistic regression model for factors affecting the estrous 
response (Experiment II; N = 351)

Factor Class n (% estrous cows) Odds ratio 95% confidence 
interval P

Luteal activity at treatment No 94/152 (61.8%) Reference
Yes 92/199 (46.2%) 0.6 0.4–0.92 0.03

Parity Multiparous 113/229 (49.3%) Reference
Primiparous 73/122 (59.8%) 1.41 1.08–3.11 0.001

Treatment 2PGG 42/90 (46.6%) Reference
2PGGe 45/86 (52.3%) 1.66 0.88–2.97 0.133
2PGe 62/89 (69.7%) 2.21 1.5–4.31 0.001
PGe 37/86 (43%) 0.98 0.44–1.97 0.921

Hosmer and Lemeshow goodness-of-fit test = 0.465; 6 df, P = 0.028. R2 Nagelkerke = 0.062. Treatments: 2PGG: PRID 
for 5 days, GnRH on day 0, PGF2α on PRID removal and 24 h later. 2PGGe: PRID for 5 days, GnRH on day 0, PGF2α plus 
eCG on PRID removal and PGF2α 24 h later. 2PGe: PRID for 5 days, PGF2α plus eCG on PRID removal and PGF2α 24 h 
later. PGe: PRID for 5 days, PGF2α plus eCG on PRID removal.
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