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Comparison of a 16- versus a 19-day interval between controlled internal drug 
release removal and prostaglandin F2α following a 14-day controlled internal drug 
releasetreatment and fixed-time artificial insemination in postpartum beef cows1
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ABSTRACT: This experiment compared 2 long-term 
controlled internal drug release (CIDR)-based proto-
cols to synchronize estrus before fixed-time artificial 
insemination (FTAI) in postpartum beef cows. Cows 
were assigned to treatments by age, BCS, and days post-
partum. Cows assigned to the 14- to 19-d CIDR–PGF2α 
protocol (n = 196) received CIDR inserts (1.38 g pro-
gesterone [P4]) from d 0 to 14 and PGF2α (25 mg, i.m.) 
19 d after CIDR removal on d 33. Cows assigned to the 
14-to-16-d CIDR–PGF2α protocol (n = 195) received 
CIDR inserts from d 3 to 17 and PGF2α 16 d after CIDR 
removal on d 33. Cows were artificially inseminated on 
d 36, 72 h after PGF2α, with GnRH (100 μg, i.m.) at 
FTAI. Cows were exposed for natural service 14 d after 
FTAI for 75 d. Blood samples for P4 were collected at 
d –10 and 0 to determine pretreatment estrous cyclicity 
status and again at PGF2α. Blood samples for estradiol 
(E2) were collected at PGF2α and FTAI. HeatWatch 
estrus detection transmitters were used from CIDR 
removal until FTAI to determine onset of estrus after 
CIDR removal and PGF2α. Dominant follicle diameter 
was determined at PGF2α and FTAI. Pregnancy diag-
nosis was performed 70 d after FTAI and confirmed 
at d 140 of gestation. Estrous response after CIDR 

removal was similar between treatments. Cows in both 
treatments had similar size dominant follicles on d 33 
at PGF2α and d 36 at FTAI. Progesterone at PGF2α was 
greater (P = 0.03) for 14-to-16-d compared to 14-to-
19-d treated cows. Mean concentrations of E2 at PGF2α 
were similar between treatments but were greater (P = 
0.01) at FTAI for 14-to-16-d compared to 14-to-19-d 
treated cows. Estrous response after PGF2α was great-
er (P < 0.01) for 14-to-19-d compared to 14-to-16-d 
treated cows (47.4 vs. 29.7%, respectively). Pregnancy 
rate resulting from FTAI was affected by the treatment 
× age group interaction (P = 0.08). Pregnancy rate 
after FTAI among cows ≥4 yr tended to be greater (P = 
0.06) for 14-to-19-d compared to the 14-to-16-d treated 
cows, suggesting that the 14-to-19-d schedule works 
better for older age cows compared with the 14-to-16-d 
schedule. Final pregnancy rates were similar between 
the 2 treatments. In summary, these data indicate that 
a range in intervals from CIDR removal to PGF2α may 
be feasible when using long-term CIDR-based proto-
cols in cows and raise questions that warrant further 
study regarding the benefits of extending this interval 
based on cow age.
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INTRODUCTION

Short-term controlled internal drug release (CIDR)-
based protocols are generally the preferred method to 
synchronize estrus in postpartum beef cows (Larson et 
al., 2006; Wilson et al., 2010) while long-term CIDR-
based protocols often result in higher pregnancy rates 
in beef heifers (Busch et al., 2007; Leitman et al., 2008; 
Mallory et al., 2011). Although previous research from 
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our laboratory (Nash et al., 2012) showed that long-term 
CIDR-based protocols yielded comparable pregnancy 
rates to short-term protocols after fixed-time artificial in-
semination (FTAI) in postpartum beef cows, estrous re-
sponse after PGF2α and before FTAI was reduced among 
long-term compared to short-term CIDR-treated cows. 
From previous studies, however, it is assumed that fe-
males that fail to express estrus before FTAI have lower 
pregnancy rates than those that exhibit estrus (Perry et 
al., 2005; Busch et al., 2008).

Interval to estrus following a 14-d CIDR treatment 
in cows (Nash et al., 2013) is longer compared to heifers 
(Mallory et al., 2010). Based on these data, Escalante et 
al. (2013) evaluated the 14-d CIDR protocol in grazing 
dairy cows using a 19-d interval between CIDR removal 
and PGF2α. Although a 16-d interval between CIDR re-
moval and PGF2α was used successfully to synchronize 
estrus before FTAI in beef (Mallory et al., 2011) and dairy 
heifers (Mallory et al., 2013), extending the interval by 3 
d in dairy cows worked effectively. This experiment was 
therefore conducted to evaluate the 14-d CIDR-based 
protocol in postpartum beef cows on the basis of extend-
ing the interval from CIDR removal to PGF2α from 16 to 
19 d to determine whether estrous response and result-
ing pregnancy rate after FTAI could be improved. Pro-
tocols were compared on the basis of estrous response 
after CIDR removal, estrous response after PGF2α and 
before FTAI, dominant follicle diameter at PGF2α and 
FTAI, steroid hormone concentration patterns at PGF2α 
and FTAI, pregnancy rate resulting from FTAI, and final 
pregnancy rate at the end of the breeding season.

MATERIAlS AND METhODS

All experimental procedures were approved by the 
University of Missouri Animal Care and Use Committee.

Experimental Design

This experiment was conducted over 2 yr at the Uni-
versity of Missouri Thompson Research Center (Spick-
ard, MO). Primiparous (n = 98) and multiparous (n = 
293), Angus-cross, postpartum beef cows (n = 391) were 
randomly assigned to 1 of 2 treatments that were balanced 
for age, days postpartum (DPP), and BCS (1 to 9 scale: 1 
= emaciated and 9 = obese; Richards et al., 1986). Cows 
assigned to the 14-to-19-d CIDR–PGF2α protocol (n = 
196 [n = 47, primiparous; n = 149, multiparous]; Fig. 1) 
received an EAZI-BREED CIDR insert (1.38 g proges-
terone [P4]; Pfizer Animal Health, New York, NY) from 
d 0 to 14 followed by an injection of PGF2α (25 mg, i.m.; 
Lutalyse Sterile Solution; Pfizer Animal Health) on d 33. 
Cows assigned to the 14-to-16-d CIDR–PGF2α protocol 
(n = 195 [n = 51, primiparous; n = 195, multiparous]; Fig. 

1) received a CIDR insert (1.38 g P4) from d 3 to 17 and 
PGF2α (25 mg) on d 33.

Estrus Detection and Artificial Insemination

Cows were fitted with HeatWatch estrus detection 
transmitters (DDx Inc., Denver, CO) from the time of 
CIDR removal until FTAI for continuous estrus detection. 
Estrus was defined as cows receiving ≥3 mounts of ≥2 s in 
duration within a 4-h period, with the onset of estrus de-
termined as the first mount within that time period (Busch 
et al., 2007). Cows were artificially inseminated on d 36, 
72 h after PGF2α, coincident with an injection of GnRH 
(100 μg, i.m.; Cystorelin, Merial, Athens, GA). The times 
for which PGF2α was administered and FTAI was per-
formed were recorded for each cow to determine whether 
the 72-h interval from PGF2α to FTAI was maintained. 
Artificial insemination was performed by 4 experienced 
technicians and 3 Angus sires were used artificially. Cows 
were exposed to natural service sires 14 d after FTAI for 
75 d.

Ultrasonography of Dominant Follicles

Dominant follicle diameter was measured for 
each cow via transrectal ultrasonography (Aloka 500V 
equipped with a 7.5 MHz linear array transducer; Aloka, 

Figure 1. Treatment schedule for the 14-to-19-d controlled internal drug 
release (CIDR)–PGF2α and 14-to-16-d CIDR–PGF2α protocols. Cows assigned 
to the 14-to-19-d CIDR–PGF2α protocol received CIDR inserts (1.38 g 
progesterone) from d 0 to 14 and an injection of PGF2α (25 mg, i.m.) 19 d after 
CIDR removal on d 33. Cows assigned to the 14-to-16-d CIDR–PGF2α protocol 
received CIDR inserts from d 3 to 17 and PGF2α 16 d after CIDR removal on 
d 33. Cows in both treatments were artificially inseminated on d 36, 72 h after 
PGF2α, with GnRH (100 μg, i.m.) at fixed-time artificial insemination.
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Wallingford, CT) on d 33 at the time of PGF2α injection 
and again on d 36 at FTAI.

Pregnancy Diagnosis

Pregnancy diagnosis was performed by transrectal 
ultrasonography (Aloka 500V equipped with a 5.0 MHz 
linear array transducer) 70 d after FTAI. Final pregnancy 
rate was determined by rectal palpation 140 d after FTAI. 
Discrepancies in numbers of cows in which pregnancy 
rates that resulted from FTAI and final pregnancy rate at 
the end of the breeding period occurred from unrelated 
morbidity or mortality.

Blood Collection and RIA

Blood samples were collected via jugular venipuncture 
on d –10 and 0 relative to treatment initiation to determine 
pretreatment estrous cyclicity status; cows were considered 
to be estrous cycling if P4 concentrations were ≥0.5 ng/mL 
at 1 or both of the pretreatment blood sampling times. Ad-
ditionally, blood samples were collected on d 33 at PGF2α 
and again on d 36 at FTAI. Blood samples were allowed to 
clot and stored at 4°C for 24 h. Blood samples were cen-
trifuged and serum was separated. Serum samples were 
stored at –20°C until hormone analyses were performed. 
Serum concentrations of P4 and estradiol (E2) were deter-
mined via RIA from blood samples collected at PGF2α for 
all cows, and serum concentrations of E2 were determined 
from blood samples collected at FTAI. Serum P4 concen-
trations were measured with a Coat-A-Count kit (Siemens 
Medical Solutions Diagnostics, Los Angeles, CA) with in-
tra- and interassay CV of 7.2 and 4.1%, respectively, with an 
assay sensitivity of 0.1 ng/mL (Kirby et al., 1997). Serum E2 
concentrations were measured by validated extraction assay 
(Kirby et al., 1997). Intra- and interassay CV were <10 and 
6.2%, respectively, with an assay sensitivity of 0.5 pg/mL.

Statistical Analyses

Differences between treatments in age, DPP, BCS, 
and interval from PGF2α to FTAI were analyzed by PROC 
MIXED (SAS Inst. Inc., Cary, NC). Differences in mean 
interval to estrus after CIDR removal and PGF2α were 
analyzed by ANOVA using the linear statistical model of 
treatment, year, estrous cyclicity status, and 2-way inter-
actions, and the Bartlett test was used to assess homoge-
neity of variance (PROC GLM of SAS). The variances 
for the mean interval to estrus after CIDR removal and 
PGF2α were found to be heterogeneous between treat-
ments. After attempting a log10 transformation, which 
failed to stabilize variance, a rank transformation was 
used for testing differences (Conover and Iman, 1981). 
However, all tables are presented with nontransformed 

values. Variances associated with the interval to estrus 
after CIDR removal and after PGF2α were compared by 
F-test (greater variance divided by the smaller variance; 
Snedecor and Cochran, 1989). Differences in dominant 
follicle diameters at PGF2α and FTAI, serum concentra-
tions of P4 at PGF2α, and serum concentrations of E2 at 
PGF2α and FTAI were analyzed by using a mixed model 
(PROC MIXED of SAS) arranged as a 2 × 2 × 2 × 2 
factorial (treatment × year × pretreatment estrous cyclic-
ity status × estrous response after PGF2α). Pretreatment 
estrous cyclicity status, estrous response after CIDR re-
moval and PGF2α, FTAI pregnancy rate, and final preg-
nancy rate were analyzed by using a generalized linear 
mixed model (PROC GLIMMIX of SAS), using a bino-
mial distribution and the link function of logit. The mod-
el for pretreatment estrous cyclicity status included the 
main effects of treatment and year and the interaction of 
treatment × year. The models for estrous response after 
CIDR removal and PGF2α included the main effects of 
treatment, year, and pretreatment estrous cyclicity status 
and 2-way interactions. The models for FTAI pregnancy 
rate and final pregnancy rate included the main effects of 
treatment, year, pretreatment estrous cyclicity status, and 
2-way interactions. The models for estrous response after 
PGF2α and pregnancy rate resulting from FTAI included 
the main effects of treatment, cow age group (cows aged 
≤3 vs. ≥4 yr), and the 2-way interactions. Treatment dif-
ferences among age groups (cows aged ≤3 vs. ≥4 yr) 
and differences in FTAI pregnancy rate due AI sire or AI 
technician were analyzed using PROC GLIMMIX.

RESUlTS

The results from both years of the experiment were 
similar (no significant treatment × year interactions); 
therefore, data for the 2 yr were pooled. The number, 
proportion of estrous cycling cows, age, DPP, and BCS 
of cows before the initiation of treatments are shown in 
Table 1. There were no differences between treatments for 
pretreatment estrous cyclicity status (P = 0.60), age (P = 
0.82), DPP (P = 0.62), or BCS (P = 0.75).

Estrous Response after Controlled Internal Drug 
Release Removal

The overall estrous response after CIDR removal was 
similar between treatments (P = 0.38; Table 2). A greater 
proportion of estrous cycling cows exhibited estrus after 
CIDR removal compared to anestrous cows (P = 0.001; 
70.3 vs. 53.3%, respectively). The mean interval to estrus 
after CIDR removal was similar between treatments (P = 
0.19) and there were no differences between treatments in 
variances for mean interval to estrus after CIDR removal. 
There was an effect of estrous cyclicity status on mean in-
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terval to estrus, with estrous cycling cows exhibiting lon-
ger intervals to estrus after CIDR removal compared to 
anestrous cows (P = 0.02; 65.4 vs. 54.4 h, respectively).

Dominant Follicle Diameters

Cows in both treatments had similar size dominant 
follicles on d 33 at PGF2α (P = 0.79) and on d 36 at FTAI 
(P = 0.50; Table 3). Dominant follicle diameters were 
larger (P < 0.001) at PGF2α and FTAI for cows that ex-
hibited estrus after PGF2α and before FTAI compared to 
cows that failed to exhibit estrus.

Serum Steroid Hormone Concentrations

Mean concentrations of P4 at PGF2α are shown in Ta-
ble 4 and mean concentrations of E2 at PGF2α and FTAI 
are shown in Table 5. Progesterone concentrations were 
greater (P = 0.03) for 14-to-16-d CIDR–PGF2α treated 
cows compared to 14-to-19-d treated cows (3.5 vs. 2.8 ng/
mL, respectively). Cows that became pregnant after FTAI 
had greater (P < 0.001) mean concentrations of P4 at 
PGF2α compared to cows that failed to become pregnant 
after FTAI. Cows that were estrous cycling before the 
initiation of treatments had greater (P < 0.001) concen-
trations of P4 at PGF2α than anestrous cows. There were 
no differences between treatments in the mean concentra-
tions of E2 at PGF2α (P = 0.12). Overall, mean concen-
trations of E2 at FTAI were greater (P = 0.01) for 14-to-

16-d CIDR–PGF2α treated cows compared to 14-to-19-d 
treated cows; however, there were no differences between 
treatments in mean concentrations of E2 at FTAI for cows 
that failed to exhibit estrus after PGF2α (P = 0.11). Estra-
diol concentrations were greater (P < 0.001) at PGF2α and 

Table 1. Number, estrous cyclicity status, age, days post-
partum (DPP), and BCS of cows before treatment initia-
tion (mean ± SE)

Treatment1

P-value
14-to-19-d  

CIDR–PGF2α

14-to-16-d  
CIDR–PGF2α

No. of cows 196 195 –
C ows with elevated 

progesterone2
74/196 = 37.8% 71/195 = 36.4% 0.60

Age,3 yr 5.2 ± 0.2 5.0 ± 0.2 0.82
DPP,4 d 44.8 ± 1.3 45.7 ± 1.3 0.62
BCS5 5.3 ± 0.0 5.2 ± 0.0 0.75

1Cows assigned to the 14-to-19-d controlled internal drug release (CIDR)–
PGF2α protocol received CIDR inserts (1.38 g progesterone) from d 0 to 14 and 
an injection of PGF2α (25 mg, i.m.) 19 d after CIDR removal on d 33. Cows 
assigned to the 14-to-16-d CIDR–PGF2α protocol received CIDR inserts from 
d 3 to 17 and PGF2α 16 d after CIDR removal on d 33. Cows in both treatments 
were artificially inseminated on d 36, 72 h after PGF2α, with GnRH (100 μg, 
i.m.) at fixed-time artificial insemination. 

2Estrous cyclicity is equal to the number of cows with elevated (≥0.5 ng/
mL) concentrations of progesterone in blood serum before treatment initiation. 
Cows were considered to be estrous cycling if progesterone was elevated in 
either 1 or both blood samples collected on d –10 and d 0.

3Age (yr) of cows at initiation of treatments.
4Number of DPP on d 0.
5BCS of cows on d 0 (1 to 9 scale: 1 = emaciated and 9 = obese).

Table 2. Estrous response following controlled internal 
drug release (CIDR)1 removal

Treatment2

P-value
14-to-19-d  

CIDR–PGF2α

14-to-16-d  
CIDR–PGF2α

O verall estrous  
response

124/196 = 63.3% 109/195 = 55.9% 0.38

Estrous cycling 52/74 = 70.3% 50/71 = 70.4% 0.98
Anestrus 72/122 = 59.0% 59/124 = 47.6% 0.11
I nterval to estrus, h  
(mean ± SE)

63.2 ± 3.4 54.7 ± 2.2 0.19

E strous cycling  
(mean ± SE)

73.5 ± 4.4 57.1 ± 4.7 0.18

Anestrus (mean ± SE) 55.8 ± 3.8 52.7 ± 4.1 0.64
1EAZI-Breed CIDR insert (1.38 g of progesterone; Pfizer Animal Health, 

New York, NY).
2Cows assigned to the 14-to-19-d CIDR–PGF2α protocol received CIDR 

inserts (1.38 g progesterone) from d 0 to 14 and an injection of PGF2α (25 mg, 
i.m.) 19 d after CIDR removal on d 33. Cows assigned to the 14-to-16-d CIDR–
PGF2α protocol received CIDR inserts from d 3 to 17 and PGF2α 16 d after 
CIDR removal on d 33. Cows in both treatments were artificially inseminated 
on d 36, 72 h after PGF2α, with GnRH (100 μg, i.m.) at fixed-time artificial 
insemination. 

Table 3. Dominant follicle diameter at PGF2α
1 and fixed-

time artificial insemination (FTAI)
Treatment2

P-value
14-to-19-d  

CIDR–PGF2α

14-to-16-d  
CIDR–PGF2α

Follicle diameter at PGF2α, mm 
(mean ± SE)

11.5 ± 0.2 11.4 ± 0.2 0.47

E xhibited estrus after PGF2α 
and before FTAI

12.1 ± 0.2y 12.3 ± 0.3y 0.38

F ailed to exhibit estrus after 
PGF2α and before FTAI

10.9 ± 0.2z 11.0 ± 0.2z 0.95

Follicle diameter at FTAI, mm 
(mean ± SE)

13.8 ± 0.1 13.7 ± 0.1 0.56

E xhibited estrus after PGF2α 
and before FTAI

14.5 ± 0.2y 14.7 ± 0.2y 0.50

F ailed to exhibit estrus after 
PGF2α and before FTAI

13.2 ± 0.2z 13.3 ± 0.2z 0.94

y,zMeans within columns with different superscripts differ (P < 0.05).
125 mg, i.m., Lutalyse; Pfizer Animal Health, New York, NY.
2Cows assigned to the 14-to-19-d controlled internal drug release (CIDR)–

PGF2α protocol received CIDR inserts (1.38 g progesterone) from d 0 to 14 and 
an injection of PGF2α (25 mg, i.m.) 19 d after CIDR removal on d 33. Cows 
assigned to the 14-to-16-d CIDR–PGF2α protocol received CIDR inserts from 
d 3 to 17 and PGF2α 16 d after CIDR removal on d 33. Cows in both treatments 
were artificially inseminated on d 36, 72 h after PGF2α, with GnRH (100 μg, 
i.m.) at fixed-time artificial insemination. 
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FTAI for cows that exhibited estrus after PGF2α and be-
fore FTAI compared to cows that failed to exhibit estrus.

Estrous Response after PGF2α and before  
Fixed-Time AI

Estrous response after PGF2α and before FTAI was 
greater (P = 0.001) for cows assigned to the 14-to-19-d 
CIDR–PGF2α protocol compared to the 14-to-16-d proto-
col (47.4 vs. 29.7%, respectively; Table 6). Improvements 
in estrous response after PGF2α were observed among 
cows that were both estrous cycling and anestrus before 
treatment initiation that were assigned to the 14-to-19-d 
protocol. Mean interval to estrus after PGF2α was similar 
between treatments (P = 0.33; Table 6) and there were no 
differences in the variances for mean intervals to estrus 
after PGF2α.

Pregnancy Rates

Pregnancy rates after FTAI and final pregnancy rates 
at the end of the breeding season are shown in Table 7. 
Overall, pregnancy rates resulting from FTAI were similar 
between treatments (P = 0.22) with no differences based 
on pretreatment estrous cyclicity status (P = 0.16). Final 
pregnancy rates were also found to be similar between 
treatments (P = 0.82). The average interval from PGF2α 
to FTAI for both treatments was 72.7 h ± 0.0 (mean ± 
SE). There were no differences in pregnancy rates result-
ing from FTAI based on AI technician (P = 0.85). Preg-

nancy rates after FTAI were lower (P < 0.001) for cows 
inseminated with semen from 1 AI sire used in the experi-
ment; however, there was no treatment × AI sire interac-
tion (P = 0.97). Based on this analysis, cows inseminated 
with semen from this sire remained in the study. The ef-
fect of estrous response after PGF2α on pregnancy rates 
resulting from FTAI is shown in Table 8. Cows that ex-
hibited estrus before FTAI achieved greater (P = 0.003) 
pregnancy rates than those that did not (68.7 vs. 45.0%, 
respectively), but there were no differences between treat-
ments in FTAI pregnancy rates based on estrous response. 
Pregnancy rate resulting from FTAI was influenced by the 
treatment × cow age group interaction (P = 0.08). When 
the data were analyzed within age groups, there was no 
difference between treatments in pregnancy rates result-
ing from FTAI for cows aged ≤3 yr (P = 0.60; Table 9). 
However, among cows ≥4 yr, pregnancy rates resulting 
from FTAI tended to be greater for cows assigned to the 
14-to-19-d CIDR–PGF2α protocol compared to 14-to-
16-d treated cows (P = 0.06; 66.7 vs. 54.3%; Table 9).

DISCUSSION

Long-term progestin (14 d) administration has been 
used effectively to synchronize estrus and ovulation in 
beef heifers and cows (Schafer et al., 2007; Leitman et 
al., 2009; Mallory et al., 2011; Nash et al., 2012, 2013). 
Long-term CIDR administration for 14 d suppresses es-

Table 5. Serum concentrations of estradiol-17β at 
PGF2α

1 and fixed-time artificial insemination (FTAI)
Treatment2

P-value
14-to-19-d 

CIDR–PGF2α

14-to-16-d 
CIDR–PGF2α

Serum concentrations of
estradiol-17β at PGF2α, pg/mL 
(mean ± SE)

3.5 ± 0.2 3.7 ± 0.2 0.12

E xhibited estrus after PGF2α 
and before FTAI

4.1 ± 0.2y 4.0 ± 0.3y 0.63

F ailed to exhibit estrus after 
PGF2α and before FTAI

3.0 ± 0.2z 3.5 ± 0.2z 0.07

Serum concentrations of
estradiol-17β at FTAI, pg/mL 
(mean ± SE)

6.6 ± 0.2a 7.3 ± 0.2b 0.01

E xhibited estrus after PGF2α 
and before FTAI

7.0 ± 0.3y 8.3 ± 0.4y 0.06

F ailed to exhibit estrus after 
PGF2α and before FTAI

6.3 ± 0.3z 6.8 ± 0.3z 0.11

a,bMeans within rows with different superscripts differ (P < 0.05).
y,zMeans within columns with different superscripts differ (P < 0.05).
125 mg i.m., Lutalyse; Pfizer Animal Health, New York, NY.1
2Cows assigned to the 14-to-19-d controlled internal drug release (CIDR)–

PGF2α protocol received CIDR inserts (1.38 g progesterone) from d 0 to 14 and 
an injection of PGF2α (25 mg, i.m.) 19 d after CIDR removal on d 33. Cows 
assigned to the 14-to-16-d CIDR–PGF2α protocol received CIDR inserts from 
d 3 to 17 and PGF2α 16 d after CIDR removal on d 33. Cows in both treatments 
were artificially inseminated on d 36, 72 h after PGF2α, with GnRH (100 μg, 
i.m.) at fixed-time artificial insemination.

Table 4. Serum concentrations of progesterone at PGF2α
1

Treatment2

P-value
14-to-19-d  

CIDR–PGF2α

14-to-16-d  
CIDR–PGF2α

S erum concentrations of 
progesterone at PGF2α, ng/mL 
(mean ± SE)

2.9 ± 0.2a 3.5 ± 0.2b 0.03

E xhibited estrus after PGF2α and 
before FTAI3

3.0 ± 0.3 3.3 ± 0.3 0.33

F ailed to exhibit estrus after 
PGF2α and before FTAI

2.7 ± 0.2a 3.5 ± 0.2b 0.02

Became pregnant after FTAI 3.4 ± 0.2a,y 4.4 ± 0.2b,y 0.002
F ailed to become pregnant  

after FTAI 2.1 ± 0.3z 2.5 ± 0.2z 0.25

a,bMeans within rows with different superscripts differ as indicated by the 
corresponding P-value.

y,zMeans within columns with different superscripts differ (P < 0.05).
125 mg i.m., Lutalyse; Pfizer Animal Health, New York, NY.
2Cows assigned to the 14-to-19-d controlled internal drug release (CIDR)–

PGF2α protocol received CIDR inserts (1.38 g progesterone) from d 0 to 14 and 
an injection of PGF2α (25 mg, i.m.) 19 d after CIDR removal on d 33. Cows 
assigned to the 14-to-16-d CIDR–PGF2α protocol received CIDR inserts from 
d 3 to 17 and PGF2α 16 d after CIDR removal on d 33. Cows in both treatments 
were artificially inseminated on d 36, 72 h after PGF2α, with GnRH (100 μg, 
i.m.) at fixed-time artificial insemination.

3FTAI = fixed-time artificial insemination.
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trus, inhibits ovulation, induces the development of a 
persistent dominant follicle that can ovulate after CIDR 
removal, and induces estrous cyclicity in pre- or peripu-
bertal beef heifers and anestrous postpartum beef cows 
(Ahmad et al., 1995; Revah and Butler, 1996; Roche et 
al., 1999; Perry et al., 2004; Leitman et al., 2008). Ovu-
lation of a dominant follicle after CIDR removal creates 
a synchronized estrous cycle that presynchronizes cows 
before FTAI (Nash et al., 2013). In these cases, PGF2α 
was administered 16 d after CIDR removal with GnRH 
administered at FTAI. The 14-d CIDR–PGF2α protocol 
was developed as an alternative to the 14-d melengestrol 
acetate (MGA)–PGF2α protocol (Brown et al., 1988). 
Deutscher (2000) and Lamb et al. (2000) reported that 

extending the interval by 2 d from MGA withdrawal to 
PGF2α improved total estrous response, synchrony of es-
trus after PGF2α, and resulting pregnancy rates after the 
synchronized estrous period. Speculation regarding these 
improvements may pertain to differences in preovula-
tory follicle size at the time of PGF2α–induced luteolysis, 
which perhaps stems from differences in follicular dy-
namics in relation to stage of a follicular wave at the time 
PGF2α is administered.

Although the 14-d CIDR protocol has been used suc-
cessfully in postpartum beef cows, estrous response after 
PGF2α and before FTAI is low compared to short-term 
CIDR-based protocols (Nash et al., 2012). Escalante et 
al. (2013) evaluated the 14-d CIDR protocol in grazing 
dairy cows using a 19-d interval between CIDR removal 
and PGF2α. Although a 16-d interval between CIDR re-
moval and PGF2α was used successfully to synchronize 
estrus and ovulation before FTAI in beef (Mallory et al., 
2011) and dairy heifers (Mallory et al., 2013), extending 
the interval by 3 d in dairy cows worked effectively. This 
experiment was therefore conducted as a pilot study to 
compare long-term (14-d) CIDR-based protocols in post-
partum beef cows on the basis of extending the interval 
from CIDR removal to PGF2α. Protocols were compared 
on the basis of estrous response after CIDR removal, es-
trous response after PGF2α and before FTAI, dominant 
follicle diameter at PGF2α and FTAI, steroid hormone 
concentration patterns at PGF2α and FTAI, pregnancy rate 
resulting from FTAI, and final pregnancy rate at the end 
of the breeding season.

Table 6. Estrous response after PGF2α
1 and before fixed-

time artificial insemination
Treatment2

P-value
14-to-19-d  

CIDR–PGF2α

14-to-16-d  
CIDR–PGF2α

Estrous response 93/196 = 47.4%a 58/195 = 29.7%b 0.001
Estrous cycling 34/74 = 45.9% 22/71 = 31.0% 0.07
Anestrus 59/122 = 48.4%a 36/124 = 29.0%b 0.003
I nterval to estrus, h 
(mean ± SE)

59.3 ± 1.1 61.4 ± 1.4 0.33

E strous cycling  
(mean ± SE)

60.3 ± 1.4 63.3 ± 2.4 0.33

Anestrus (mean ± SE) 57.9 ± 1.8 60.2 ± 1.8 0.75
a,bMeans within rows with different superscripts differ (P < 0.05).
125 mg i.m., Lutalyse; Pfizer Animal Health, New York, NY.
2Cows assigned to the 14-to-19-d controlled internal drug release (CIDR)–

PGF2α protocol received CIDR inserts (1.38 g progesterone) from d 0 to 14 and 
an injection of PGF2α (25 mg, i.m.) 19 d after CIDR removal on d 33. Cows 
assigned to the 14-to-16-d CIDR–PGF2α protocol received CIDR inserts from 
d 3 to 17 and PGF2α 16 d after CIDR removal on d 33. Cows in both treatments 
were artificially inseminated on d 36, 72 h after PGF2α, with GnRH (100 μg, 
i.m.) at fixed-time artificial insemination. 

Table 7. Fixed-time artificial insemination (FTAI) preg-
nancy rate and final pregnancy rate

Treatment1

P-value
14-to-19-d  

CIDR–PGF2α

14-to-16-d  
CIDR–PGF2α

FTAI pregnancy rate2 111/1963 = 56.6% 100/1943 = 51.5% 0.22
Estrous cycling 48/74 = 64.7% 38/71 = 53.5% 0.16
Anestrus 63/122 = 51.6% 62/123 = 50.4% 0.91
Final pregnancy rate4 165/1953 = 84.6% 161/1923 = 83.9% 0.82

1Cows assigned to the 14-to-19-d controlled internal drug release (CIDR)–
PGF2α protocol received CIDR inserts (1.38 g progesterone) from d 0 to 14 and 
an injection of PGF2α (25 mg, i.m.) 19 d after CIDR removal on d 33. Cows 
assigned to the 14-to-16-d CIDR–PGF2α protocol received CIDR inserts from 
d 3 to 17 and PGF2α 16 d after CIDR removal on d 33. Cows in both treatments 
were artificially inseminated on d 36, 72 h after PGF2α, with GnRH (100 μg, 
i.m.) at fixed-time artificial insemination. 

2FTAI pregnancy rate determined by ultrasound 70 d after FTAI.
3Discrepancies in totals result from cows in which FTAI pregnancy or final 

pregnancy diagnosis was not performed due to unrelated morbidity or mortality.
4Final pregnancy rate determined by rectal palpation 140 d after FTAI.

Table 8. Effect of estrous response after PGF2α
1 on fixed-

time artificial insemination (FTAI) pregnancy rate
Treatment2

P-value
14-to-19-d  

CIDR–PGF2α

14-to-16-d  
CIDR–PGF2α

O verall estrous response 
after PGF2α

93/196 = 47.4%a 58/1953 = 29.7%b 0.001

FTAI pregnancy rate4

C ows that exhibited 
estrus

64/93 = 68.8%y 39/573 = 68.4%y 0.96

C ows that failed to 
exhibit estrus

47/103 = 45.6%z 61/1373 = 44.5%z 0.86

a,bMeans within rows with different superscripts differ (P < 0.05).
y,zMeans within columns with different superscripts differ (P < 0.05).
125 mg i.m., Lutalyse; Pfizer Animal Health, New York, NY.
2Cows assigned to the 14-to-19-d controlled internal drug release (CIDR)–

PGF2α protocol received CIDR inserts (1.38 g progesterone) from d 0 to 14 and 
an injection of PGF2α (25 mg, i.m.) 19 d after CIDR removal on d 33. Cows 
assigned to the 14-to-16-d CIDR–PGF2α protocol received CIDR inserts from 
d 3 to 17 and PGF2α 16 d after CIDR removal on d 33. Cows in both treatments 
were artificially inseminated on d 36, 72 h after PGF2α, with GnRH (100 μg, 
i.m.) at fixed-time artificial insemination. 

3Discrepancies in totals result from cows in which FTAI pregnancy diagnosis 
was not performed due to unrelated morbidity or mortality.

4FTAI pregnancy rate determined by ultrasound 70 d after FTAI.
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There were no differences between treatments in es-
trous response, interval to estrus, or associated variances 
in interval to estrus following CIDR removal. Estrous 
cycling cows exhibited a greater estrous response com-
pared to anestrous cows, but this was expected as these 
cows have likely resumed normal LH pulsatility patterns 
(Arije et al., 1974) that would increase the likelihood of 
estrus after CIDR removal. Estrous cycling cows exhib-
ited longer mean intervals to estrus after CIDR removal 
compared to anestrous cows. This pattern is consistent 
with trends reported by Nash et al. (2013) and may be 
explained by variation in stage of the estrous cycle at the 
time CIDR were inserted. For example, if estrous cycling 
cows had CL present at the time of CIDR removal, ex-
pression of estrus would not be possible until CL were 
regressed. Overall, the mean interval to estrus after CIDR 
removal was 59.2 h. This interval was longer than that 
seen in 14-d CIDR–PGF2α treated heifers (31.1 h, Leit-
man et al., 2008; 37.8 h, Mallory et al., 2010), which sup-
ports the rationale for extending the interval from CIDR 
removal to PGF2α. It is also important to note that a large 
proportion of anestrous cows displayed estrus after CIDR 
removal, indicating that cows either resumed normal es-
trous cyclicity or were induced to cycle after progestin 
exposure.

Despite differences between protocols in the interval 
from CIDR removal to PGF2α, mean diameter of dom-
inant follicles was similar between treatments on d 33 
at PGF2α and d 36 at FTAI. Mean follicle diameter in-
creased by approximately 2.3 mm from PGF2α to FTAI, 
indicating that both treatments produced similar growth 
patterns of dominant follicles between these time points. 
Dominant follicles in dairy cows appear to acquire ovula-
tory capacity at a diameter around 10 mm (Sartori et al., 

2001). Perry et al. (2005) reported that GnRH-induced 
ovulation of follicles ≤11 mm resulted in decreased preg-
nancy rates and increased late embryonic mortality in 
heifers. In the current study, cows that exhibited estrus 
after PGF2α and before FTAI had larger dominant fol-
licles at PGF2α and FTAI compared to those that did not 
exhibit estrus. Still, mean dominant follicle diameter for 
cows that failed to exhibit estrus after PGF2α measured 
≥13.2 mm, indicating that these follicles had acquired 
ovulatory capacity and potential for acceptable fertility 
after GnRH-induced ovulation and FTAI.

Mean concentrations of P4 at PGF2α were greater for 
cows assigned to the 14-to-16-d CIDR–PGF2α protocol 
compared to 14-to-19-d treated cows. This may be due 
to the extended interval from CIDR removal to PGF2α 
for the 14-to-19-d treated cows, in which case a propor-
tion of these cows may have initiated normal CL regres-
sion, leading to reduced P4 concentrations at PGF2α. 
Estrous cycling cows were more likely to exhibit estrus 
after CIDR removal, which may explain differences in 
P4 concentrations at PGF2α based on estrous cyclicity 
status, as cows that exhibited estrus following CIDR re-
moval should have functional CL at the time of PGF2α. 
Elevated concentrations of P4 during the estrous cycle 
preceding AI are associated with increased pregnancy 
rates (Bello et al., 2006; Corah et al., 1974; Folman et al., 
1973). In the current study, mean concentrations of P4 at 
PGF2α were greater for cows that became pregnant after 
FTAI compared to those that failed to become pregnant. 
Elevated serum concentrations of P4 during the cycle 
preceding conception have been reported in cattle (Fol-
man et al., 1973; Fonseca et al., 1983) and increased P4 
at PGF2α was positively associated with increased cir-
culating concentrations of P4 by the subsequent CL and 
embryo viability on d 7 (d 0 = GnRH) in postpartum beef 
cows (Atkins et al., 2013). Furthermore, increased circu-
lating concentrations of P4 on d 7 was positively associ-
ated with pregnancy rate on d 27 (Atkins et al., 2013).

Mean concentrations of E2 at PGF2α were similar 
between treatments while mean concentrations of E2 at 
FTAI were greater for 14-to-16-d compared to 14-to-19-d 
treated cows. Increased circulating concentrations of E2 
at FTAI in the 14-to-16-d treated cows may have been as-
sociated with the increased P4 at PGF2α compared to the 
14-to-19-d treated cows. Atkins et al. (2013) reported a 
positive association between circulating concentrations of 
P4 at PGF2α and E2 at insemination (48 h after PGF2α) in 
postpartum beef cows; however, the mechanism by which 
circulating P4 at PGF2α affects E2 at insemination is not 
clear. Mean concentrations of E2 at FTAI were similar 
between treatments for cows that failed to exhibit estrus 
after PGF2α. The increase in E2 from PGF2α to FTAI was 
consistent between treatments and corresponds to the in-
crease in mean dominant follicle diameter at these times. 

Table 9. Fixed-time artificial insemination (FTAI) 
pregnancy rate by age group

Treatment1

P-value
14-to-19-d  

CIDR–PGF2α

14-to-16-d  
CIDR–PGF2α

O verall FTAI 
pregnancy rate2

111/196 = 56.6% 100/1943 = 51.5% 0.22

Cows aged ≤3 yr 37/85 = 43.5% 43/89 = 48.3% 0.60
Cows aged ≥4 yr 74/111 = 66.7%c 57/1053 = 54.3%d 0.06

a,bMeans within rows with different superscripts differ (P < 0.05).
c,dMeans within rows with different superscripts tended to differ (P = 0.06).
1Cows assigned to the 14-to-19-d controlled internal drug release (CIDR)–

PGF2α protocol received CIDR inserts (1.38 g progesterone) from d 0 to 14 and 
an injection of PGF2α (25 mg, i.m.) 19 d after CIDR removal on d 33. Cows 
assigned to the 14-to-16-d CIDR–PGF2α protocol received CIDR inserts from 
d 3 to 17 and PGF2α 16 d after CIDR removal on d 33. Cows in both treatments 
were artificially inseminated on d 36, 72 h after PGF2α, with GnRH (100 μg, 
i.m.) at fixed-time artificial insemination.

2FTAI pregnancy rate determined by ultrasound 70 d after FTAI.
3Discrepancies in totals result from cows in which FTAI pregnancy diagnosis 

was not performed due to unrelated morbidity or mortality.
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Additionally, elevated concentrations of E2 at PGF2α and 
FTAI for cows that exhibited estrus after PGF2α and be-
fore FTAI corresponds with larger size dominant follicles 
observed at these respective time points.

Nash et al. (2012) reported that pregnancy rates 
resulting from FTAI were similar for cows assigned to 
long-term CIDR-based protocols compared to short-
term CIDR-based protocols. However, estrous response 
after PGF2α and before FTAI was reduced in cows as-
signed to the long-term (23%; 14-d CIDR–PGF2α) com-
pared to the short-term protocol (49%; 7-d CO-Synch 
+ CIDR; Nash et al., 2012). These data supported the 
rationale for this experiment in extending the interval 
from CIDR removal to PGF2α, which was hypothesized 
to increase estrous response after PGF2α and potentiate 
improvements in pregnancy rates after FTAI.

The results presented here indicate that a greater pro-
portion of cows assigned to the 14-to-19-d CIDR–PGF2α 
protocol exhibited estrus after PGF2α and before FTAI 
compared to 14-to-16-d treated cows. Estrous response af-
ter PGF2α for 14-to-16-d CIDR–PGF2α treated cows in this 
study was comparable to response rates reported by Nash et 
al. (2012) whereas greater estrous response rates for cows 
assigned to the 14-to-19-d CIDR–PGF2α protocol were 
comparable to those observed in cows following treat-
ment with the short-term, 7-d CO-Synch + CIDR protocol 
(Busch et al., 2008, Nash et al., 2012). One of the goals 
of this experiment was to attempt to characterize potential 
differences between treatments among various age classes 
of females, understanding the limitations related to cow 
numbers within the various age groups. Statistical analyses 
did not reveal a significant treatment × age group interac-
tion for estrous response after PGF2α; however, this may 
have been influenced by sample size within the various age 
groups of females. There was, however, a treatment × age 
group interaction for pregnancy rate resulting from FTAI, 
suggesting that the 14-to-19-d schedule works better for 
older age cows compared with the 14-to-16-d schedule.

These results provide evidence that a 14-to-19-d 
CIDR–PGF2α schedule may be a more appropriate 
schedule for mature aged cows ≥4 yr. The authors cau-
tion, however, that interpretation from this study regard-
ing the lack of difference in pregnancy rates between 
treatments and/or the trend toward differences between 
treatments within age groups was limited by sample 
size. The sample size involved in this study was large 
enough to detect approximately a 15% difference be-
tween treatments. Based on this consideration, further 
studies are needed to more carefully characterize differ-
ences among various age groups of females on the basis 
of differences in length of estrous cycles or follicular 
waves following a 14-d CIDR treatment in addition to 
resulting pregnancy rates after FTAI.

In conclusion, results from this pilot study support 
the proposed hypothesis that extending the interval from 
CIDR removal to PGF2α would increase estrous response 
after PGF2α and potentiate improvements in pregnancy 
rates after FTAI. Beef producers may be reluctant to use 
long-term CIDR-based protocols in cows, as these pro-
tocols are more challenging to implement in herds with 
extended calving periods. Furthermore, long-term CIDR-
based protocols require that cows are handled 1 extra 
time compared to short-term schedules (7-d CO-Synch + 
CIDR). Long-term protocols provide a unique opportuni-
ty, however, to combine animal health and reproduction in 
a single management step, by administering prebreeding 
vaccinations at the time of CIDR insertion. These results 
agree with previous studies (Nash et al., 2012, 2013) in-
dicating that long-term CIDR-based protocols provide an 
alternative method of synchronizing estrus before FTAI 
in postpartum beef cows while at the same time provide 
labor-reducing management options pertaining to animal 
health-related considerations.
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