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Introduction

Estrus synchronization protocols that result in greater 
synchronized ovulation and pregnancy per AI (P/AI) will facilitate 
the use of AI and may increase its adoption among beef producers. 
The use of Cosynch protocols have allowed for synchronization 
of ovulation and timed AI (TAI), as well as reduced number 
of handlings when compared to Ovsynch [1]. Addition of 
progesterone (P4) in the form of controlled internal drug release 
(CIDR) inserts between the initial GnRH and prostaglandin F2α 

(PGF2α) injections (7-d CIDR-Cosynch) improve synchronization,  

 
and P/AI by preventing premature estrus and ovulation before 
PGF2α [2-4]. 

Reducing the duration of CIDR treatment to the induction 
of luteolysis from 7 to 5-day in the CIDR-Cosynch, has been 
shown to increase P/AI in beef cows [5]. The authors, however 
concluded that, two injections of PGF2α (2PG, 7 to 24 h apart) on 
d 5 were required to reliably induce luteolysis by the time of AI 
in 5-day CIDR-Cosynch [5]. Other studies have also shown an 
improvement in P/AI in beef cows receiving 2PG compared with 
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Abstract

The objective was to examine the effects of one or two doses of conventional prostaglandin F2α (PGF2α), or one high-concentration PGF2α 
(HighCon) on progesterone (P4) concentrations and luteolysis in suckling beef cows subjected to a 5-day CIDR-Cosynch. On d 0, 54 cows received 
GnRH (100 µg), and a CIDR was inserted. On d 5, the CIDR was removed and cows were assigned randomly to receive either one dose of PGF2α 
(1PG, 5 mg/mL, total dose: 25 mg, i.m., n = 19), two injections of conventional PGF2α  (2PG, 5 mg/mL, each dose: 25 mg, i.m., n = 17, 12h apart, 
or one injection of high-concentration PGF2α  (HighCon, 12.5 mg/mL, total dose: 25 mg, i.m, n = 18). On d 5, beginning 1 h after CIDR removal, 
blood samples were collected every 12 h from day 5-8 to measure P4 concentrations. On d 8, cows received a second GnRH injection. Ovaries were 
examined by ultrasonography on d 0 and 5. A repeated measures generalized linear model was used to determine differences in P4 concentrations. 
The P4 data were assumed to follow a lognormal distribution. On d 5, all cows had P4 concentrations of >1.0 ng/mL. Serum P4 concentrations 
decreased over time in all treatments (p < 0.01). There was a treatment by time interaction effect on P4 concentration. Mean P4 concentration 
tended to differ (p = 0.07) at 60 h between 2PG and 1PG. At 72 h post-treatment, mean P4 tended (p < 0.09) to be lower in 2PG and HighCon 
compared with 1PG. Regardless of dose, serum P4 concentrations were ≤ 0.5 ng/mL in all treatments. The proportion of cows that went through 
luteolysis (P4 < 0.5 ng/mL) tended to be greater (p = 0.09) in 2PG and HighCon compared with 1PG (89, 88, and 63%, respectively). The results 
suggest that one dose of HighCon could be as effective as 2PG in causing luteolysis and decreasing P4 by the time of AI in suckling beef cows. 
Considering P4 concentrations and its relationship to fertility, compared with two injections, the administration of one high concentration PGF2α 
is more practical for synchronizing beef cows, as it reduces animal handling, labor, and drug costs, while it improves compliance. 
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one injection of PGF2⍺ (1PG) in a 5-day CIDR-Cosynch protocol 
[6,7]. It was hypothesized that improved P/AI may be attributable 
to efficacy of 2PG in causing complete luteolysis and lowering P4 
concentrations by the time of AI compared with 1PG. Interestingly, 
P4 concentrations following PGF2α, and ovarian status were not 
assessed in any of these published studies to allow comparison 
of 1PG vs. 2PG effects on P4 and ovarian status at the time of AI. 
Thus, it is not clear whether the observed improvement in P/AI 
in these studies is attributable to effectiveness of 2PG in causing 
luteolysis or is due to other factors. The addition of a second PGF2⍺ 
treatment in a 5-day CIDR-Cosynch protocol for beef cows adds 
extra cow handling, increases cost, labor, and time requirements, 
and potentially decreases protocol compliance. In a 5-dayCIDR-
Cosynch protocol, the results of our study [8] showed that one 
25 mg dose of high concentration PGF2α (HighCon, dinoprost 
tromethamine, 12.5 mg/mL, Zoetis Inc.) administered at CIDR 
removal is as effective as 2PG (5 mg/mL) at inducing luteolysis 
and thus reducing P4 to optimal concentrations (P4 < 0.5 ng/mL) 
by the time of AI in dairy cows. According to the manufacturer, 
HighCon reaches a greater maximum plasma concentration 
(Cmax), and perhaps undergoes less blood level fluctuations 
following administration than the standard 25 mg dose of 
dinoprost tromethamine PGF2⍺ [9].

There is a lack of sufficient evidence on the effects of 1PG 

vs. 2PG on luteal function and blood P4 in a 5-day CIDR-Cosynch 
protocol. Furthermore, the HighCon effect on P4 profile is unknown 
in beef cattle. Based on our previous finding in dairy cows [8], it 
is plausible that one does of HighCon is as effective in causing 
luteolysis as 2PG hence potentially reduce above mentioned 
difficulties associated with 2PG injections. The objectives of this 
study were to examine the effects of 1PG, 2PG (12 h apart), and one 
high concentration, HighCon PGF2α on luteolysis and P4 profiles in 
suckling beef cows subjected to a 5-day CIDR-Cosynch protocol.

Materials and Methods

All procedures and protocols followed the University of Idaho, 
Animal Care and Use Committee. Thirty-one suckling Charolais 
beef cows from the University of Idaho (Moscow, Idaho) research 
facility were used for this study. All cows were on average 58 days 
postpartum at the initiation of the study.  

Initially, 78 suckling Charolais beef cows were enrolled into 
the study and synchronized for the first insemination using a 
5-day CIDR-Cosynch protocol. Twenty-four cows were removed 
as they did not have a CL and (or) elevated P4 concentrations 
before treatment (3 cows), or they were acyclic as blood P4 from 
day -7, 0, and 5 were all < 0.5 ng/mL (21 cows). Cows were 
housed on pasture and had access to supplemental hay, a mineral 
supplementation, and ad libitum access to water.

Experimental design and treatments

Figure 1: Schematic of the experimental design to examine the effect of one prostaglandin F2α (PGF2α) (1PG, 25 mg i.m., n = 19), 
two PGF2α (2PG, 50 mg i.m., n = 17), or one high concentration, long-lasting PGF2α (HighCon, 25 mg i.m., n = 18) on progesterone 
(P4) concentrations in suckling beef cows subjected to a 5-d controlled internal drug release (CIDR)-Cosynch protocol. On d 0 and d 
5, ovarian structures were recorded for all cows via transrectal ultrasonography (ULT). On d 5, cows were stratified by presence or 
absence of a corpus luteum (CL) on d 0, then by parity and d postpartum. One h after CIDR removal, treatments were administered, 
and jugular blood samples (BS) were taken every 12 h until d 8. All BS were analyzed for P4 concentrations.  

Seven days before estrus synchronization, jugular blood 
samples were collected from all cows (Figure 1). On d 0 (initiation 
of synchronization), all cows received GnRH (100 μg, i.m., Factrel, 
Fort Dodge Animal Health, Fort Dodge, IA), and a blood sample 
was obtained. Simultaneously, a CIDR (1.38 g P4, Eazi-Breed CIDR, 
Zoetis, Florham Park, NJ) was inserted (Figure 1), and all cows 
were subjected to transrectal ultrasonography (Aloka SSD-500 V, 

Aloka, Tokyo, Japan), and categorized into two groups based on 
presence or absence of a corpus luteum (CL). On the same day 
body condition score (BCS) was assessed using the average of two 
evaluators (scale 1-9 with 1 = emaciated and 9 = obese) [10]. Five 
days later CIDR inserts were removed, and cows were stratified by 
days postpartum, parity, and presence or absence of a CL on day 
0, and presence of one or two CL on day 5 (existing CL and new 
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CL; follicle ovulated to initial GnRH) and  assigned randomly to 
one of three treatments: one PGF2α injection  (1PG, n = 19, 25 mg, 
i.m., Lutalyse, Zoetis, Florham Park, NJ), two PGF2α injections (2PG, 
n = 17, 50 mg total, i.m., Lutalyse, Zoetis, Florham Park, NJ) given 
12 h apart, or one high concentration PGF2α (HighCon, n = 18, 25 
mg, i.m., Lutalyse HighCon, Zoetis, Florham Park, NJ) (Figure 1). 
Before treatment and 60 min after CIDR removal, blood samples 
were taken, and ultrasonography was conducted to confirm the 
presence of luteal tissue. Following treatment, blood samples were 
collected every 12 h from day 5 to 8 to measure P4 concentrations 
(Figure 1). Between day 5 and 8, cows were monitored every 4 to 
6 h for estural behavior as well as removal of tail chalk painting. 
Regardless of expression of estrus, all cows received a second 
GnRH (100 μg) on day 8 (Figure 1). Two cows from the 2PG group 
were eliminated from study because of complications unrelated 
to the study.

Ovarian examination

On day 0 and 5 transrectal ultrasonography (Aloka SSD-500 V, 
Aloka, Tokyo, Japan) was conducted to assess ovarian structures. 
Cows were categorized as developing a new CL or possessing an 
old CL at the time of treatment. The presence of a dominant follicle 
(≥ 10 mm diameter) on d 0, and the presence of a CL on d 5 in the 
same location identified cows (n = 31) that ovulated to the initial 
GnRH and formed a new CL. Cows presenting a CL on day 0 and day 
5 in the same location were classified as possessing an old CL at 
the time of treatment. Luteolysis was defined as P4 concentrations 
≥ 0.5 ng/mL on day 5, and P4 < 0.5 ng/mL on day 8. 

Blood samples and progesterone quantification

Blood samples were collected via jugular venipuncture 
using an 18-gauge, 1½” single use blood collection needle. Blood 
samples were collected using a 10 mL vacuumed tube (Covidien 
LLC, Mansfield, MA). All samples were placed on ice and stored 
at 4°C for 18 to 24 h. Samples were then centrifuged for 20 min 
at 2,400 × g and 4°C. Serum was harvested and stored at -20°C 

until assayed for P4 concentrations. Progesterone concentrations 
were analyzed using a double antibody, RIA (MP Biomedicals, 
Costa Mesa, CA) under equilibrium conditions. The standard curve 
ranged from 0.05 to 25 ng/mL, and all samples and standards 
were run in duplicates, with an intra- and inter-assay coefficient 
of variance of 3.6% and 6.7%, respectively.

Statistical analysis

The differences in days postpartum and BCS between 
treatment groups were assessed using a generalized linear model 
(GLM) procedure in SAS (v. 9.4, SAS® Institute Inc.) [11]. The 
analysis of variance was also used to determine differences on day 
0, 5, and 8 P4 concentrations. The model included the main effect of 
treatment.   A univariate analysis was conducted indicating a non-
normal distribution for P4 data. A repeated measure generalized 
linear mixed model [11] was used to determine differences in P4 
concentrations across time assuming a lognormal distribution 
[12]. The model included the fixed effects of treatment, time, and 
the time by treatment interaction. Initial P4 concentration prior to 
treatment (day 5) were also included in the analysis as a covariate. 
Cows within treatments were considered as random effects, and 
the correlation structure for the repeated measures was ARMA 
(1,1). 

The differences in proportion of cows between treatments with 
the presence of a CL on d 0 and proportion of cows with luteolysis 
on d 8 were analyzed using a generalized linear model (GLIMMIX), 
assuming a binomial distribution. Non-orthogonal predetermined 
contrasts were made between groups for ovarian structures on 
day 0 (presence or absence of CL), day 5 (development of new CL), 
and incidence of luteolysis (60 and 72 h after treatments). Using 
Bonferroni adjusted for multiple comparison [13], differences 
between 1PG vs. 2PG, 1PG vs. HighCon, and 2PG vs. HighCon were 
examined. All statistical computations were carried out using SAS 
(v. 9.4, SAS Institute Inc. 2015). Significance was declared at p < 
0.05 and a tendency at p ≤ 0.1.

Results and Discussion
Table 1: Proportions of cows with progesterone concentrations ≤ 0.5 ng/mL at the time of AI and corpus luteum (CL) presence in suckling Charolais 
beef cows subjected to one conventional prostaglandin F2α (PGF2α) injection (1PG), two conventional PGF2α injections administered 12h apart 
(2PG), or one high concentration PGF2α injection (HighCon) in a 5-d controlled-internal drug release (CIDR)-Cosynch protocol for first insemination.

Variable Treatments1

p-value
1PG 2PG HighCon

Luteolysis2

60 h, % (no./no.) 68 (13/19) a 94 (16/17) b 89 (16/18) b 0.09

72 h, % (no./no.) 63 (12/19) a 88 (15/17) b 89 (16/18) b 0.09

Presence of CL3

d 0, % (no./no.) 63.1 (12/19) 58.8 (10/17) 66.6 (12/18) 0.47
1In a 5-d CIDR-Cosynch protocol, cows were assigned randomly to receive one PGF2α injection (1PG), two PGF2α injections given 12h apart (2PG), 
or one high-concentration PGF2α (HighCon) injection upon CIDR removal.
2Progesterone concentrations ≤ 0.5 ng/mL 60 and 72 h after CIDR removal and initial treatment.
3Transrectal ultrasonography, d0 = existing CL.

a, b Proportions with different superscripts within rows tend to differ (p = 0.09)
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Mean days postpartum and BCS were 69 ± 3 and 6.3 ± 0.1, 
respectively. There were no differences detected in BW (p = 0.48) 
between treatments and averaged 682.7 ± 28.6 kg. The proportion 
of cows with an existing CL on day 0 of the experiment did not 
differ (p = 0.47) between treatments (Table 1). By experimental 
design, all cows had CL on day 5 and the proportion of cows that 
ovulated to the initial GnRH did not differ (p = 0.35) between 
treatments. It should be noted that the probability of detecting a 
small difference in incidence of ovulation between treatments in 
this experiment was limited by the number of cows enrolled. By 

design and based on P4 concentrations on day 0 or 5, all cows were 
cyclic and had a CL before administration of treatment on day 5. 

Mean P4 concentrations on day 0 (initiation of synchronization) 
did not differ between treatments (p = 0.37) and were 0.90 ± 0.38 
for 1PG, 1.20 ± 0.40 for 2PG, and 1.64 ± 0.39 ng/mL for HighCon, 
respectively (Figure 2). There was no difference in mean P4 
concentrations between treatments on day 5 (p = 0.50) and were 
2.39 ± 0.43, 1.74 ± 0.45, and 1.77 ± 0.44 ng/mL for 1PG, 2PG, and 
HighCon, respectively (Figure 2).  

Figure 2: Mean ± SEM progesterone concentrations (ng/mL) on d 0, 5, and 8 (72 h after treatment) of the experimental protocol 
for suckling beef cows subjected to a 5-d controlled internal drug release (CIDR)-Cosynch protocol. One h after CIDR removal (d5) 
cows were treated with either one prostaglandin F2α (PGF2α, 1PG, n = 19), two PGF2α (2PG, n = 17) injections 12 h apart, or one 
high concentration PGF2α (HighCon, n = 18). 

*Mean P4 concentrations tended (p = 0.06) to be greater in 1PG than 2PG and HighCon.

The P4 concentrations from 12 to 72 h after treatments were 
skewed indicating a non-normal distribution. Hence, P4 data 
were assumed to follow a lognormal distribution. Progesterone 
concentrations on day 5 were used as a covariate in the model 
to account for individual P4 concentration variation before 
treatment. As expected, P4 concentrations decreased over time (p 
< 0.01) in all treatments. Mean P4 concentrations decreased to < 
1.0 ng/mL across treatment within the first 12 h after treatment 
and remained below 1.0 ng/mL throughout the experiment, 
however, there was an effect of treatment by time on serum P4 
concentrations (p = 0.02) as P4 profiles differ over time between 
treatments (Figure 3). Mean serum P4 concentrations tended to 
differ (p = 0.07) at 36 and 60 h between 2PG and 1PG. At 72 h 
after treatment (around the time of AI in a 5-day CIDR-Cosynch 
protocol), mean P4 concentrations tended (p = 0.06) to be lesser 
in 2PG and HighCon compared with 1PG but 2PG and HighCon 
did not differ. Mean serum P4 concentrations were 0.50 ± 0.11, 
0.18 ± 0.12, and 0.25 ± 0.11 ng/mL for 1PG, 2PG, and HighCon, 
respectively (Figure 2 and 3). Mean P4 concentrations, however, 

were ≤ 0.5 ng/mL in all treatments by 72 h, the time of AI in a 
5-day CIDR-Cosynch protocol. 

The differences in P4 concentrations at 60 and 72 h (day 8) after 
treatments were further examined to determine the incidence of 
luteolysis (Table 1). The proportion of cows with luteolysis (P4 < 
0.5) at both 60 and 72 h for HighCon and 2PG tended to be greater 
than 1PG (p = 0.09). Interestingly, the incidence of luteolysis 
showed no difference between 2PG and HighCon (Table 1). 

There are several factors during a TAI estrus synchronization 
protocol that greatly influence pregnancy outcome. One important 
factor is the ability of PGF2α to cause complete luteolysis within 
48 h after administration, hence optimal P4 concentrations by 
the time of AI [14]. The inability of PGF2α to successfully induce 
luteolysis and reduce P4 to ≤ 0.5 ng/mL by the time of AI has been 
termed incomplete luteolysis [15,16]. The improved P/AI in the  
5-day CIDR-Cosynch depends on complete luteolysis by the time 
of AI using 2PG [5-7]. The authors hypothesized that the GnRH-
induced newly formed CL, is refractory to one PGF2α, hence two 
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injections of PGF2α (7 to 24 h apart) on day 5 were required to 
reliably induce luteolysis by the time of AI in 5-day CIDR-Cosynch, 
but in those studies the effect 1PG vs. 2PG on luteolysis and or 
P4 profile were not studied. As indicated, the addition of a second 
PGF2⍺ adds additional cattle handling, increases cost, labor, and 
time requirements, and potentially decreases protocol compliance.  
Can one injection of HighCon be as effective as 2PG in reducing 
P4 concentrations and induce luteolysis because of its different 
pharmacokinetics? The results of current study provide evidence, 
for the first time, that administration one dose of HighCon is 
as effective as two doses of conventional PGF2α, in reducing P4 
concentrations and causing luteolysis by the time AI in 5-day 
CIDR-Cosynch. It should be noted that although one PGF2α does 

not appear to be as effective as two PGF2α or one HighCon PGF2α 
in rapidly reducing P4 concentrations, the P4 concentrations in all 
treatments were ≤ 0.5 ng/mL on d 8 when AI usually occurs. These 
results are like our previous findings [8] that showed one injection 
of HighCon was as effective in reducing P4 as 2PG injection in dairy 
cows. Also, Ahmadzadeh et al. [17] investigated the effects of one 
PGF2α (25 mg), 1.5 PGF2α (37.5 mg) administered once, or two 
0.5 PGF2α (25 mg total) injections given 7 h apart following CIDR 
removal in a 5-day CIDR-Cosynch protocol in beef cows. These 
authors found no difference in P4 concentrations at the time of AI 
regardless of treatment, and all treatments had mean P4 ≤ 0.5 ng/
mL.

Figure 3: Mean blood progesterone concentrations after lognormal data transformation in suckling beef cows receiving one 
prostaglandin F2α (PGF2α) (1PG, n = 19), two PGF2α 12 h apart (2PG, n = 17), or one high concentration PGF2α (HighCon, n = 
18) in a 5-d controlled internal drug release (CIDR)-Cosynch protocol. Time 0 is one h after CIDR removal before treatments were 
administered. Blood samples were collected every 12h for three d after treatment administration. 
a Means tend to differ between 1PG and 2PG (p = 0.07).
b Means for 2PG or HighCon tend to differ from 1PG (p = 0.06).

Currently, there is a limited amount of evidence about the 
effectiveness of one or two PGF2α injections on P4 concentrations 
for suckling beef cows subjected to a 5-day CIDR-Cosynch 
protocol. The ability of PGF2α to cause complete luteolysis and 
reduce P4 concentrations to less than 0.5 ng/mL by the time of AI 
does aid in maximizing the fertility of beef cows replace with [18]. 
Any timed-AI program, including the 5-day CIDR, has limitations 
because of various factors, one of which being the induction of 
luteolysis in all luteal structures in response to PGF2α [16]. It is 
suggested that the concentrations of P4 after PGF2α administration 
should approach to < 0.4 ng/mL before time-AI to increase the 
odds of GnRH-induced ovulation as well as and subsequent 
pregnancy outcome. Our investigation shows that one dose of 
HighCon is just as effective as two doses of traditional PGF2α in 

lowering P4 while lowering the labor and compliance costs related 
to handling animals. To our knowledge only one study examined 
P4 concentrations at PGF2α and AI to determine luteolysis in beef 
cows using 5-day CIDR-Cosynch [19]. In that study, beef cows were 
treated with one PGF2α, a double dose (50 mg) of PGF2α, or two 
PGF2α injections administered 8 h apart in a 5-day CIDR-Cosynch 
protocol. These researchers found that luteolysis tended to differ 
between groups with two PGF2α injections (97%) 8 h apart having 
greater luteolysis when compared to a double dose (88%) or one 
PGF2α (87%) injection at CIDR removal. In that study, luteolysis 
was defined as P4 concentrations > 2 ng/mL at CIDR removal and 
< 1 ng/mL at the time of AI. 

Although the total dose of dinoprost tromethamine were the 
same (25 mg), the effectiveness of one dose of HighCon compared 
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to one injection of conventional PGF2α on luteolysis cannot be 
elucidated from this study. This difference is less likely related 
to the difference in P4 concentrations or luteal structure of the 
cows before treatment as incidence of luteolysis and serum P4 
concentrations were not different between HighCon and 1PG. 
The difference in the blood pharmacokinetics between HighCon 
and conventional PGF2α, as described by Zoetis (2015) may be the 
contributing factor.

Conclusion

Considering P4 concentrations and its relationship to fertility, 
the administration of one PGF2α is more practical for synchronizing 
beef cows, as it reduces animal handling, labor, and drug costs. 
Further, the addition of a second PGF2α treatment within the 5-day 
CIDR-Cosynch program increases labor associated with animal 
handlings, and may decrease protocol compliance, ultimately 
reducing the potential benefits of two PGF2α injections in a 5-day 
CIDR-Cosynch protocol. Future research is needed to compare 
the effects of one injection of HighCon with two PGF2α on P/AI to 
further support the use of one high concentrated PGF2α injection in 
a 5-day CIDR-Cosynch protocol for suckling beef cows.
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