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A B S T R A C T   

Presynchronization was evaluated as a method to improve estrus response before fixed-time AI (FTAI). The 
objective was to compare FTAI results in beef cows from two different presynchronization approaches. Blood 
samples were collected on Day − 14 (Day 0 = CIDR removal) to determine progesterone concentration (≥1 ng/ 
mL = high, <1 ng/mL = low). In a subset (n = 1289), an additional blood sample was collected between Day 
− 21 and − 29 to determine cyclicity (if both the Day − 14 and Day − 21 to − 29 samples were classified as low 
progesterone cows were classified as noncycling). Cows (n = 1388) from 30 herds were grouped by days 
postpartum (DPP) and age, and randomly assigned to either of two protocols. Cows assigned to the PG 6-day 
CIDR & FTAI protocol (PG6d) received prostaglandin F2α (PG) on Day − 9, CIDR insertion and GnRH on Day 
− 6, and CIDR removal and PG on Day 0. Cows assigned to the 7&7 Synch protocol (7&7) were administered PG 
and CIDR insertion on Day − 14, GnRH on Day − 7, and CIDR removal and PG on Day 0. For both protocols, FTAI 
occurred concurrently with GnRH 66 h after second PG. Pregnancy was determined by transrectal ultrasonog-
raphy 30–40 d after FTAI. The GLIMMIX procedure of SAS was used to detect differences in estrus response and 
pregnancy success with herd as a random variable. Estrus response (0–66 h) was analyzed with two models, one 
included cyclicity and another replaced cyclicity with progesterone concentration at Day − 14. In both models, 
cows assigned to the 7&7 protocol had greater (P < 0.01) estrus response than cows assigned to the PG6d 
protocol. The model including cyclicity, estrus response was impacted by the cyclicity by DPP interaction (P =
0.03), cyclicity by protocol interaction (P = 0.04), and the tendency of BCS by protocol interaction (P = 0.08). In 
the estrus response model that included progesterone concentration at Day − 14, significant variables included 
the protocol by progesterone concentration at Day − 14 (P = 0.01), and BCS (P < 0.01), while DPP (P = 0.08) and 
progesterone concentration at Day − 14 (P = 0.07) were tendencies. Pregnancy success was influenced by estrual 
status (P < 0.01), body condition score (P = 0.04), and cycling status (P = 0.02), but was not influenced by 
protocol (P = 0.75; PG6d = 38 ± 5% and 7&7 = 37 ± 5%). In conclusion, effectiveness of presynchronization 
method depended on a cows’ physiological status, and the 7&7 protocol increased estrus response compared 
with PG6d, but there was no difference in pregnancy success.  
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1. Introduction 

Fixed-time artificial insemination (FTAI) protocols have been widely 
adopted by the beef industry due to their ability to provide every female 
the opportunity to conceive on the first day of breeding season, while 
also decreasing the time and labor associated with estrus detection. The 
average pregnancy rates of two commonly used cow FTAI protocols, the 
7-day CO-Synch + CIDR (n = 10,701) and 5-day CO-Synch + CIDR (n =
2,189), are 58% and 62%, with ranges of 32–79% and 49–80%, 
respectively [1]. Although the average pregnancy rate demonstrates that 
more than half of the females can become pregnant to FTAI, the mini-
mum pregnancy rates (32% and 49%), raise the question: Can pregnancy 
rates to FTAI protocols be improved? 

Both the 7-day CO-Synch + CIDR and 5-day CO-Synch + CIDR 
protocols begin with administering gonadotropin releasing hormone 
(GnRH) to synchronize a follicular wave and induce luteal tissue for-
mation. Typically, 66% of cows will ovulate to a single dose of GnRH, 
but the response is dependent on stage of the estrous cycle at the time of 
GnRH administration [2]. Periods of the estrous cycle that typically have 
a decreased ovulatory response to GnRH occur when dominant follicles 
begin to plateau or regress, or before dominant follicle selection [2]. 
Thus, pregnancy success to FTAI protocols that begin with administra-
tion of GnRH could potentially be improved by increasing the propor-
tion of cows having a follicle capable of ovulating to the initial 
administration of GnRH. 

The need for increased pregnancy success to AI in the dairy industry 
resulted in researchers developing several protocols that aimed to 
“presynchronize” estrous cycles and thus increase the ovulatory 
response to initial GnRH administration, resulting in improved follicular 
wave control [3]. Presynchronization often entails administering pros-
taglandin F2α (PG) and/or GnRH before beginning a FTAI protocol. 
Presynchronization adds additional time, labor, and cost, but reportedly 
improves pregnancy rates and the proportion of cows that respond to the 
GnRH and PG within a FTAI protocol compared with FTAI protocols that 
do not utilize presynchronization [3,4]. 

The beef industry has also implemented presynchronization (PG 6- 
day CIDR & FTAI protocol [5–7]) to increase follicular wave control. 
Recently a new FTAI protocol that utilizes presynchronization (7&7 
Synch protocol) has been reported [8–10]. The PG 6-day CIDR & FTAI 
protocol attempts to presynchronize estrous cycles by administering a 
single dose of PG 3 d before CIDR insertion and GnRH administration, 
thereby inducing luteolysis and resulting in a larger proportion of 
dominant follicles present at GnRH administration and CIDR insertion. 
By administering GnRH 3 d after PG, a greater proportion of cows should 
have a follicle present that is large/mature enough to respond to GnRH 
[6]. The 7&7 Synch protocol aims to presynchronize by purposefully 
creating a persistent follicle. This is done by administering PG 14 
d before FTAI while also inserting a CIDR. Again, the administration of 
PG should regress any mature corpora lutea that are present, while the 
presence of sub-luteal progesterone concentrations delivered by the 
CIDR allows for continued follicular growth, but not ovulation of 
dominant follicles that presumably would have become atretic. When 
GnRH is administered 7 d after CIDR insertion, a new follicular wave 
should be initiated [11]. The objective of this experiment was to 
compare the two methods of presynchronization (regressing the CL to 
have low progesterone at time of GnRH compared with 7 d of low 
progesterone to try to induce a persistent follicle to be present at time of 
GnRH) to determine if cows of different physiological states would 
respond better to one form of presynchronization over the other. The 
authors hypothesized that anestrous and cycling cows would respond 
differently between the two forms of presynchronization. 

2. Materials and methods 

All procedures were approved by the Texas A&M AgriLife IACUC 
committee #2021-036A. 

2.1. Experimental design 

Bos taurus cows (n = 1,388) from 30 herds at 10 different locations 
(some locations implemented both fall and spring breeding seasons) in 
seven states were enrolled in a field trial (Table 1). Body condition 
scores (BCS; based on a one to nine scale; one = emaciated and nine =
obese [12]) were assigned before or at FTAI. In addition, cow age and 
days postpartum (DPP; days from calving date to FTAI date) were 
calculated. Within herd, cows were grouped by DPP and age and then 
randomly assigned to either of two synchronization protocols (described 
in Section 2.2 Synchronization). 

2.2. Synchronization 

Cows assigned to the PG 6-day CIDR & FTAI protocol (PG6d; n =
693) received 25 mg dinoprost tromethamine (PG1; Lutalyse HighCon; 
Zoetis, Kalamazoo, MI) i.m. on Day − 9. An intravaginal insert con-
taining 1.38 g of progesterone (CIDR; Zoestis, Kalamazoo, MI) was 
inserted and 100 μg of gonadorelin (GnRH1; Factrel; Zoetis; Kalamazoo, 
MI) was administered i.m. on Day − 6 (Fig. 1). 

Cows assigned to the 7&7 Synch protocol (7&7; n = 695) were 
administered 25 mg of dinoprost tromethamine (PG1; Lutalyse HighCon; 
Zoetis, Kalamazoo, MI) i.m. on Day − 14 coincident with CIDR (1.38 g 
progesterone; intravaginal insert; CIDR; Zoestis, Kalamazoo, MI) inser-
tion. Administration of 100 μg of gonadorelin (GnRH1; Factrel; Zoetis; 
Kalamazoo, MI) occurred i.m. on Day − 7 (Fig. 1). 

On Day 0, all cows were administered 25 mg of dinoprost trometh-
amine (PG2; Lutalyse HighCon; Zoetis, Kalamazoo, MI) i.m., Estrotect 
patches (Estrotect; Estrotect Inc., Spring Valley, WI) were applied and 
CIDR removal occurred (Fig. 1). Cows were considered estrual when at 
the time of FTAI (66 h) ≥ 50% of the estrus detection aid was activated. 

2.3. Artificial insemination 

For both protocols, FTAI occurred coincident with i.m. administra-
tion of 100 μg of gonadorelin (GnRH2; Factrel; Zoetis; Kalamazoo, MI) 
66 h after PG2 (Fig. 1). Sire was evenly distributed between protocols 
within herd. A subset of cows (n = 151) at one location were insemi-
nated with sex-sorted semen (SexedULTRA 4 M™, Sexing Technologies, 
Navasota, TX) and were included in the estrus response analysis but 
removed from the pregnancy success analysis. 

2.4. Blood sampling 

Blood samples were collected on Day − 14 (Fig. 1) via venipuncture 
into 10-mL vacutainer tubes to determine circulating progesterone 
concentration at the start of synchronization (≥1 ng/mL = high, <1 ng/ 
mL = low). In a subset of cows (n = 1,289), an additional blood sample 
was collected between Day − 21 and − 29 to determine cyclicity. 
Circulating concentrations of progesterone were analyzed in plasma or 
serum samples by radioimmunoassay (RIA) in duplicate [13]. The intra- 
and inter-assay coefficients of variation (CV) were 5.24% and 7.20%, 
respectively, in 10 assays. Assay sensitivity was 0.08 ng/mL. A cow was 
classified as noncycling if neither blood sample had a progesterone 
concentration ≥1 ng/mL but was classified as cycling when either or 
both blood samples had a progesterone concentration ≥1 ng/mL. 

2.5. Pregnancy diagnosis 

Females were classified as pregnant when a conceptus was visualized 
by transrectal ultrasonography 30–40 d following FTAI. 

2.6. Statistical analysis 

All statistical analyses were conducted using SAS 9.4 software. Dif-
ferences between protocols in BCS, DPP, age, and cycling status were 
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analyzed by analysis of variance in SAS (PROC GLM). The statistical 
model consisted of the independent variable of protocol and the 
dependent variables tested (BCS, DPP, age, and cycling status). Mean 
separation was performed when the model was significant using least 
significant differences (Means ± SEM [standard error of the mean] 
[14]). 

Estrus response and pregnancy success were analyzed with the 
GLIMMIX procedure in SAS using the binary distribution and the Ken-
ward Roger method for the denominator degrees of freedom. For sta-
tistical analysis of estrus response and pregnancy success, BCS 
classifications were restructured (<5, 5, 5.5, ≥6). In addition, females 
were classified into parity groups (primiparous and multiparous). Cows 
were also grouped by DPP (<45, 45 to 65, 66 to 85, 86 to 105, >105) for 
analysis of estrus response and pregnancy success. 

To determine the final statistical model for estrus response, the in-
dependent variables of protocol, DPP, BCS, cycling status (noncycling or 
cycling), parity (primiparous or multiparous) and all two-way in-
teractions were initially included. Backwards elimination (P > 0.10) was 
performed to determine the final statistical model for the dependent 
variable of estrus response which included the independent variables of 
protocol, DPP, BCS, cycling status, the protocol by BCS interaction, the 
protocol by cycling status interaction, and the DPP by cycling 
interaction. 

In an additional model for estrus response, progesterone classifica-
tion (high or low) on Day − 14 replaced cycling status to further analyze 
the impact of physiological status. The independent variables initially 
included were protocol, DPP, BCS, progesterone concentration at Day 
− 14, parity, and all two-way interactions. Backwards elimination (P >
0.10) was performed to determine the additional final statistical model 
for the dependent variable of estrus response which included the 

independent variables of protocol, DPP, BCS, progesterone classification 
on Day − 14, and the protocol by progesterone classification on Day − 14 
interaction, with herd being included as a random variable. 

A statistical analysis was then performed to determine the final sta-
tistical model for pregnancy success for cows receiving conventional 
semen. The independent variables of protocol, DPP, BCS, cycling status, 
progesterone classification (high or low) on Day − 14, estrual status, 
parity (primiparous or multiparous) and all two-way interactions were 
initially included in the model. Backwards elimination (P > 0.10) was 
performed to determine the final model for the dependent variable of 
pregnancy success which included the independent variables of proto-
col, estrus status, cycling status, BCS, parity, and the BCS by age inter-
action, with herd being included as a random variable. 

For all models, means separation was performed using least signifi-
cant differences (Means ± SEM [standard error of the mean] [15]). 
Differences were considered to be significant when P ≤ 0.05 and a 
tendency when P > 0.05 but P ≤ 0.10. All data are reported as LSmeans 
± (SEM). 

3. Results 

Overall, the dependent variables of DPP, age, BCS, cycling status, 
and the proportion of females that were classified as having high pro-
gesterone on Day − 14 did not differ between protocols (Table 2). Within 
some herds, BCS (one herd; n = 47), progesterone concentration on Day 
− 14 (two herds; n = 28 and n = 47) and cycling status (three herds; n =
30, n = 30, and n = 47) differed (P ≤ 0.10) between protocols. 

Table 1 
Average days postpartum, age, body condition score, percent cycling and percent of females with high progesterone on day − 14 by herd.  

State Location Herd n DPP (range)a Age (range)b BCS (range)c % Cyclingd % High P4e 

AR 1 1 22 89 (32–241) 4 (2–7) 5 (4.5–6) 59 50 
AR 1 2 20 70 (46–91) 5 (2–7) 6 (4.5–7) 70 70 
GA 2 3 46 76 (32–128) 6 (2–12) 6 (5–6) 91 80 
KS 3 4 119 81 (65–103) 7 (4–11) 5 (4–6.5) 28 28 
MS 4 5 30 82 (40–101) 5 (2–16) 6 (5–7.5) 90 73 
MS 4 6 30 82 (44–101) 5 (2–17) 6 (4–7.5) 87 73 
MS 4 7 28 82 (49–101) 5 (2–11) 6 (5–8) 79 54 
MS 4 8 30 80 (37–102) 5 (2–14) 6 (4–7) 80 60 
MS 4 9 28 80 (42–102) 5 (2–11) 6 (5–8.5) 89 68 
MS 4 10 30 81 (42–102) 5 (2–15) 6 (5–7) 73 60 
NM 5 11 82 76 (39–99) 7 (4–10) 4 (3.5–5.5) 22 25 
SD 6 12 137 80 (9–108) 4 (2–10) 5 (3.5–8.5) 86 80 
SD 7 13 90 79 (45–117) 5 (3–11) 5 (4.5–6) 68 60 
SD 8 14 102 92 (75–122) 3 (2–5) 5 (4–6.5) 84 48 
SD 8 15 99 74 (57–98) 6 (3–13) 5 (5–7) 66 56 
SD 8 16 50 64 (33–106) 6 (3–15) 5 (4–7) 48 46 
TX 9 17 74 81 (58–128) 6 (2–12) 5 (4.5–6.5) 55 45 
TX 9 18 28 74 (59–128) 6 (2–10) 5 (4.5–5.5) 57 46 
TX 9 19 34 67 (59–78) 6 (2–12) 5 (4.5–6.5) 44 32 
TX 9 20 24 66 (60–73) 7 (3–12) 5 (5–6) 54 33 
TX 9 21 12 66 (61–72) 5 (3–9) 5 (5–5.5) 0 0 
TX 9 22 30 68 (60–78) 7 (2–12) 5 (4.5–6.5) 30 30 
TX 9 23 27 67 (60–75) 6 (2–10) 5 (5–6) 22 22 
TX 9 24 18 65 (60–73) 7 (3–12) 5 (4–6) 39 44 
TX 9 25 31 65 (58–73) 6 (2–11) 5 (4.5–6.5) 35 19 
TX 9 26 48 69 (56–77) 6 (2–12) 5 (4–5.5) 33 25 
TX 9 27 26 66 (53–74) 6 (2–12) 5 (4–6) 23 20 
TX 9 28 13 64 (58–73) 7 (2–12) 5 (4.5–6) 23 23 
TX 10 29 33 88 (52–111) 7 (3–18) 6 (3.5–7) 81 67 
TX 10 30 47 90 (41–117) 6 (2–11) 6 (4.5–6.5) 81 70  

a Days postpartum (DPP) were calculated as the number of days from the calving date to the date of FTAI. 
b Years of age. 
c A body condition score (BCS) was assigned to females before or at FTAI. A scale of one to nine (one = emaciated and nine = obese) was used. 
d Females were considered cycling when at least one or both blood samples had a progesterone ≥1 ng/mL. Blood samples were taken on Day − 14 and an additional 

blood sample was taken between Day − 21 and − 29 to determine cyclicity (%Cycling). 
e Percent of females with high (≥1 ng/mL) progesterone (% High P4) on Day − 14. 
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3.1. Estrus response 

Cows assigned to the 7&7 protocol had a greater (P < 0.01; 75 ± 3% 
or 73 ± 3%) estrus response than cows assigned to the PG6d protocol 
(54 ± 4% or 57 ± 4%; Fig. 2) in the estrus response models that included 
progesterone concentration on d-14 or cycling status respectively. 

Cycling status interacted (P = 0.03) with DPP as cycling females that 
were <45 DPP had a poorer (P < 0.02) estrus response compared with 
all other combinations of cycling status and DPP. Cycling status also 
interacted (P = 0.04) with protocol. The estrus response of noncycling 
(74 ± 4%) and cycling (72 ± 5%) cows assigned to the 7&7 protocol did 
not differ (P = 0.68). Cycling (48 ± 5%) cows assigned to the PG6d 
protocol had a poorer (P < 0.01) estrus response compared with both 
cycling and noncycling cows assigned to the 7&7 protocol. Noncycling 
(65 ± 5%) cows assigned to the PG6d protocol had a estrus response that 
did not differ (P = 0.28) compared to cycling cows assigned to the 7&7 
protocol but a poorer (P = 0.04) estrus response compared with non-
cycling cows assigned to the 7&7 protocol. Among cows assigned to the 
PG6d protocol, noncycling cows had a greater (P = 0.01) estrus response 
than cycling cows. Protocol tended (P = 0.08) to interact with BCS. Cows 
assigned a BCS <5 had a poorer (P < 0.01; 50 ± 6%) estrus response 

Fig. 1. Experimental design. Blood samples were collected on Day − 14 and in a subset (n = 1,388), an additional blood sample was collected between Day-21 and 
-29 to determine cyclicity. Cows assigned to the 7&7 Synch protocol (7&7; below the timeline; n = 720) were administered 25 mg of dinoprost tromethamine (PG1; 
Lutalyse HighCon; Zoetis, Kalamazoo, MI) i.m. on Day − 14 coincident with CIDR (1.38 g progesterone; intravaginal insert; CIDR; Zoestis, Kalamazoo, MI) insertion. 
Administration of 100 μg of gonadorelin (GnRH1; Factrel; Zoetis; Kalamazoo, MI) occurred i.m. on Day − 7. Cows assigned to the PG 6-day CIDR & FTAI protocol 
(PG6d; above the timeline; n = 713) received 25 mg dinoprost tromethamine (PG1; Lutalyse HighCon; Zoetis, Kalamazoo, MI) i.m. on Day − 9. An intravaginal insert 
containing 1.38 g of progesterone (CIDR; Zoestis, Kalamazoo, MI) was inserted and 100 mcg of gonadorelin (GnRH1; Factrel; Zoetis; Kalamazoo, MI) was admin-
istered i.m. on Day − 6. On Day 0, all cows (PG6d and 7&7) were administered 25 mg of dinoprost tromethamine (PG2; Lutalyse HighCon; Zoetis, Kalamazoo, MI) i. 
m., Estrotect patches (Estrotect; Estrotect Inc., Spring Valley, WI) were applied and CIDR removal occurred. For both protocols, FTAI occurred coincident with i.m. 
administration of 100 mcg of gonadorelin (GnRH2; Factrel; Zoetis; Kalamazoo, MI) 66 h after PG2. A subset of cows (n = 151) at one location were inseminated with 
sex-sorted semen (SexedULTRA 4 M™, Sexing Technologies, Navasota, TX) and were removed from the pregnancy success analysis, while the remaining cows were 
inseminated with conventional semen and included in the pregnancy success analysis. Figure created with Biorender.com. 

Table 2 
Average days postpartum, age, body condition score, percentage cycling, and 
percentage of females with high progesterone on Day − 14 by protocol.  

Protocola DPPb Age BCSc % Cyclingd % High 
P4e 

PG6d 78 ± 0.7 
(n = 674) 

5.6 ± 0.1 
(n = 693) 

5.3 ± 0.03 
(n = 692) 

58 ± 2 
(405/693) 

48 ± 2 
(333/688) 

7&7 78 ± 0.7 
(n = 677) 

5.7 ± 0.1 
(n = 695) 

5.3 ± 0.03 
(n = 695) 

61 ± 2 
(423/695) 

51 ± 2 
(354/692) 

P-value 0.98 0.60 0.53 0.36 0.31  

a See Fig. 1 for protocol descriptions. 
b Days postpartum (DPP) were calculated as the number of days from the 

calving date to the date of fixed time artificial insemination (FTAI). 
c A Body condition score (BCS) was assigned to females before or at FTAI. A 

scale of one to nine (one = emaciated and nine = obese) was used. 
d Females were considered cycling when at least one blood sample or if both 

blood samples had a progesterone ≥1 ng/mL. Blood samples were taken on Day 
− 14 and an additional blood sample was taken between Day − 21 and − 29 to 
determine cyclicity (% Cycling). 

e Percent of females with high (≥1 ng/mL) progesterone on Day − 14 (% High 
P4). 
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than all other BCS groupings (>69%). 
Protocol interacted (P = 0.01) with progesterone classification on 

Day − 14 to impact estrus response. Cows assigned to the 7&7 protocol 
that had high progesterone on Day − 14 had a greater (P < 0.01) estrus 
response (80 ± 3%) than all other cows. The estrus response of cows 
assigned to the 7&7 protocol that had low progesterone (69 ± 4%) on 
Day − 14 was greater compared with cows assigned to the PG6d protocol 
that had high progesterone (P < 0.01; 53 ± 4%) and compared with 
cows assigned to the PG6d protocol with low progesterone (P < 0.01; 55 
± 4%). Estrus response did not differ (P = 0.69) among cows assigned to 
the PG6d protocol, regardless of progesterone classification. In addition, 
there tended (P = 0.07) to be a main effect of progesterone classification 
on Day − 14 such that cows with high progesterone on Day − 14 had a 
greater (P < 0.01; 68 ± 3%) estrus response than cows with low pro-
gesterone (62 ± 4%). 

The main effect of DPP tended (P = 0.08) to impact estrus response as 
females <45 DPP (43 ± 10%) had the poorest estrus response. Cows 
assigned a BCS <5 had a poorer (P < 0.01; 51 ± 6%) estrus response 
than all other BCS groupings (>67%). 

3.2. Pregnancy success 

Among cows that received conventional semen, protocol did not 
significantly (P = 0.66; PG6d: 47 ± 5% vs 7&7: 46 ± 5%; Fig. 3) impact 
pregnancy success. Pregnancy success was significantly influenced by 
BCS (P = 0.05) such that females assigned a BCS <5 (30 ± 7%) had less 
pregnancy success than females assigned a BCS = 5 (53 ± 4%) or = 5.5 
(54 ± 5%), with pregnancy success not different between BCS = 5 or 
BCS = 5.5. Females assigned a BCS ≥6 (50 ± 12%) had intermediate 
pregnancy success. Cycling status (P = 0.03; Cycling: 51 ± 5% vs Non-
cycling: 43 ± 5%; Fig. 4) and estrual status (P < 0.0001; Estrual: 59 ±
4% vs Nonestrual: 35 ± 4%; Fig. 5) impacted pregnancy success. There 
was a tendency for parity to interact (P = 0.06) with BCS with primip-
arous cows in a BCS <5 (14 ± 8%) having poorer pregnancy rates than 
all other BCS and parity combinations. 

4. Discussion 

The purpose of presynchronization in a FTAI protocol is to increase 
the proportion of females that are able to respond to GnRH1 to achieve 
better follicular wave control. Inducing luteolysis at CIDR insertion (Day 
− 14) in the 7&7 protocol creates subluteal concentrations of exogenous 
progesterone that presumably increases the proportion of females that 
have a mature/persistent follicle present on Day − 7 (GnRH adminis-
tration; Day 0 = CIDR removal). This approach should increase the 

Fig. 2. Proportion of females that expressed estrus before fixed time artificial 
insemination by protocol. The proportion of females that expressed estrus was 
greater (a,bP < 0.0001) in females assigned to the 7&7 protocol (76 ± 3%; n =
695) compared with females assigned to the PG6d protocol (56 ± 4%; n = 693). 

Fig. 3. Pregnancy success associated with protocol. Among females that 
received conventional semen, the proportion that became pregnant did not 
differ (aP = 0.66) between cows assigned to the PG6d (47 ± 5%; n = 611) and 
the 7&7 (46 ± 5%; n = 626) protocol. 

Fig. 4. Pregnancy success respective of cycling status within females receiving 
conventional semen. Pregnancy success was greater for females classified as 
cycling (n = 779) than noncycling (n = 458) cows (a,bP = 0.03). 

Fig. 5. Pregnancy success respective of estrual status. Females that expressed 
estrus (n = 833) had greater pregnancy rates than nonestrual (n = 357) females 
in females that received conventional semen (a,bP < 0.0001). 
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likelihood of synchronizing follicular wave emergence following GnRH 
administration [9]; however, previous research has also reported that 
among anestrous females, low concentrations of progestin (MGA – [6]; 
CIDR – [16]) was not able to induce a persistent follicle. A different 
approach is taken by the PG6d protocol, in which luteolysis is induced 
by administering PG on Day − 9 (Day 0 = CIDR removal) allowing 
circulating luteinizing hormone pulse frequency to increase [17–19], 
driving estradiol production [20] and thus preovulatory follicle devel-
opment, resulting in a greater proportion of females that either express 
estrus or have a dominant follicle at GnRH1 administration [21]. Thus, 
the purpose of presynchronization in both the PG6d and 7&7 protocols 
is to increase the proportion of females capable of responding to GnRH1 
and achieve better follicular wave control; however, anestrous cows will 
not respond to the initial administration of PG and thus among anestrous 
females variation in response to the GnRH1 administration on Day − 6 
will likely occur depending on the stage of follicular development. 

The proportion of cows that expressed estrus before FTAI was greater 
for cows assigned to the 7&7 protocol compared with the PG6d protocol. 
Expression of estrus before FTAI protocols is increased when synchro-
nization of a follicular wave is achieved [22]. Other studies [10,11] 
reported a greater estrus response for the 7&7 protocol compared with 
the 7-d CO-Synch + CIDR protocol, which does not implement pre-
synchronization. Evidence to support increased follicular wave control 
in the 7&7 protocol compared with the 7-d CO-Synch + CIDR protocol 
includes presence of a larger dominant follicle and increased corre-
sponding serum estradiol concentrations at GnRH1 [9]. In the current 
study, it is not clear why estrus response was greater following the 7&7 
protocol compared with the PG6d protocol because ovulatory response 
to GnRH1 was not determined. Furthermore, circulating concentrations 
of estradiol at GnRH-induced ovulation, which have been reported to 
have a positive effect on the establishment of pregnancy [23,24], were 
not measured. 

In the current study, a greater proportion of females were classified 
as pregnant when they expressed estrus (59 ± 4%) before FTAI 
compared with females that did not express estrus (35 ± 4%; Fig. 5). In 
FTAI protocols, heifers and cows that expressed estrus before FTAI had a 
27% increase in pregnancy rate compared with those that did not ex-
press estrus [25]. The increase in pregnancy rates reported among fe-
males that are estrual before FTAI may be due to the role estradiol plays 
in induction of the preovulatory gonadotropin surge [26] thus allowing 
insemination to occur closer to ovulation, facilitation of sperm transport 
[27], as well as in uterine function [28]. However, in the present study, 
despite the 7&7 protocol resulting in a greater proportion of females 
expressing estrus, pregnancy rates did not differ. Therefore, even though 
estrus response differed between protocols, both forms of presynchro-
nization resulted in acceptable pregnancy rates that did not differ. A 
possible hypothesis for increased estrus response but not increased 
pregnancy success could be the lack of turnover of the persistent follicle 
that was induced in the 7&7 protocol. Progesterone is capable of 
inhibiting ovulation by suppression of LH release [see review, 29] and 
increased concentrations of progesterone was associated with a 
decreased GnRH-induced LH surge on Day 6–8 of the estrous cycle [30]. 
Furthermore, following CIDR insertion there was a negative correlation 
between concentrations of progesterone at GnRH administration and 
area under the GnRH-induced LH curve and a tendency for a decrease in 
peak concentrations [31]. More specifically, females that had a CIDR 
inserted 48 h before administration of GnRH had a decreased ovulatory 
response compared with females that were administered GnRH at or 
before the time of CIDR insertion [31]. Thus, duration of progesterone 
exposure could decrease the efficacy of GnRH for follicular turnover in 
the 7&7 protocol. Presence of a persistent follicle at time of CIDR 
removal would increase concentrations of estradiol [32–34] and 
possibly the incidence of estrus expression, but would not increase the 
incidence of pregnancy success as ovulation of persistent follicles has 
been associated with low fertility [35]. 

Cycling status is known to impact pregnancy rates [36]. In this study, 

cycling status interacted with DPP such that cycling females that were 
<45 DPP had a poorer estrus response compared with all other combi-
nation of cycling status and DPP. In addition, cycling status also inter-
acted with protocol such that regardless of cycling status, females 
assigned to the 7&7 protocol had a estrus response that did not differ. 
Among cows assigned to the PG6d protocol; however, noncycling cows 
had a greater estrus response than cycling cows. In addition, noncycling 
cows assigned to the PG6d protocol had a estrus response that did not 
differ compared to cycling cows assigned to the 7&7 protocol but a 
poorer estrus response compared with noncycling cows assigned to the 
7&7 protocol. A meta-analysis that investigated factors that impact 
estrus response also reported that anestrous cows were more likely to 
express estrus than cycling cows [25]. This is possibly due to all anes-
trous cows being in the same stage of progesterone exposure when a 
protocol is initiated compared with the varying stages of that occur 
among cycling females. Cycling status also impacted pregnancy success 
such that cycling cows had greater pregnancy success than noncycling 
cows. Unlike in the estrus response model, there was not a protocol by 
cycling interaction in the pregnancy success model thus indicating that 
the increase in estrus response seen among noncycling females did not 
translate to increased pregnancy rates. 

Females assigned a BCS <5 had a poorer estrus response and preg-
nancy success than females in greater BCS. Parity tended to interact with 
BCS to impact pregnancy success with primiparous cows assigned a BCS 
<5 having poorer pregnancy rates. Females that are still allocating nu-
trients to growth have fewer nutrients to partition towards reproduction, 
thus the poorer pregnancy rates among primiparous cows in poor BCS 
was expected as they are likely still in anestrous [37,38]. While DPP did 
not interact with cycling status nor BCS to impact pregnancy success, 
DPP interacted with cycling status to impact estrus response, which is 
known to contribute to pregnancy success. 

5. Conclusion 

Effectiveness of presynchronization method depends on a cow’s 
physiological status at the beginning of the synchronization protocol. 
Although the 7&7 protocol increased estrus response compared with the 
PG6d, there was no difference in pregnancy success, thus utilization of 
both forms of presynchronization resulted in acceptable pregnancy 
rates. 
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