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a b s t r a c t

This experiment was designed to evaluate split-time artificial insemination (AI) in beef
heifers following administration of the 14-day controlled internal drug release (CIDR)-
prostaglandin F2a (PG) protocol and to compare pregnancy rates among nonestrous heifers
based on administration of GnRH at AI. Estrus was synchronized for 1138 heifers across six
locations. Heifers received a CIDR insert (1.38 g progesterone) on Day 0with removal on Day
14. Estrus detection aids (Estrotect) were applied at PG (25 mg), 16 days after CIDR removal
on Day 30. Heifers were assigned to balanced treatments based on reproductive tract score
and weight, and treatments were represented within each location. Split-time AI was
performed at 66 and 90 hours after PG, and estrus was recorded at these times. Heifers in
both treatments that exhibited estrus by 66 hours were inseminated and did not receive
GnRH, whereas AI was delayed 24 hours until 90 hours after PG for heifers that failed to
exhibit estrus by 66 hours. For heifers in treatment 1 that were inseminated at 90 hours,
GnRH (100 mg) was administered concurrent with AI at 90 hours. Heifers in treatment 2 that
were inseminated at 90 hours did not receive GnRH. Estrous response did not differ be-
tween treatments at 66 hours after PG (treatment 1 ¼70%; treatment 2 ¼ 71%; P ¼ 0.58) or
during the 24-hour delay period (treatment 1 ¼ 59%; treatment 2 ¼ 52%; P ¼ 0.21). There
was no effect of treatment on pregnancy rates resulting from AI for heifers inseminated at
66 hours (treatment 1 ¼58%; treatment 2¼ 62%; P¼ 0.86) or 90 hours (treatment 1 ¼44%;
treatment 2 ¼ 39%; P ¼ 0.47) after PG; and there was no difference between treatments
when considering total AI pregnancy rate (treatment 1¼54%; treatment 2¼ 56%; P¼ 0.60).
Ovulation was confirmed via ultrasonography for a subset of heifers that failed to exhibit
estrus prior to 90 hours after PG. For heifers that failed to exhibit estrus by 90 hours, success
of ovulation did not differ between treatments (treatment 1 ¼ 52%; treatment 2 ¼ 50%;
P ¼ 0.64) nor did AI pregnancy rate (treatment 1 ¼ 24%; treatment 2 ¼ 15%; P ¼ 0.97). In
summary, when split-time AI was used in conjunction with the 14-day CIDR-PG protocol
in heifers, comparable pregnancy rates were achieved without administering GnRH.

! 2016 Elsevier Inc. All rights reserved.

1. Introduction

Gonadotropin-releasing hormone is used in timed arti-
ficial insemination (AI) protocols for beef cows and heifers
to induce ovulation of a dominant follicle at the time of
insemination. However, response to GnRH in heifers is
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inconsistent when compared to cows [1,2]. Furthermore,
pregnancy rates to AI are lower in heifers that fail to ex-
press estrus prior to insemination, especially when smaller
follicles are ovulated in response to administration of
GnRH [3–11].

Split-time artificial insemination (STAI) following
administration of the 14-day controlled internal drug
release (CIDR)-prostaglandin (PG) protocol allows heifers
to be managed based on estrous response at the time of
insemination, which facilitates an increase in pregnancy
rates compared to fixed-time artificial insemination (FTAI).
In STAI, insemination is delayed for nonestrous females by
20 to 24 hours, whereas in FTAI, all heifers are inseminated
at a single time. All heifers were administered GnRH at
66 hours irrespective of estrous status in the original field
trials that compared STAI and FTAI. Theworking hypothesis
in that study was that delayed insemination of nonestrous
heifers would better align the timing of insemination with
the timing of GnRH-induced ovulations [10,11].

Later experiments evaluated the optimal timing of
GnRH administration when using STAI. Results from these
studies clearly demonstrated that administration of GnRH
was not required for heifers that exhibit estrus prior to AI,
and that administration of GnRH to heifers that fail to
exhibit estrus by 66 hours could be delayed to 90 hours,
concurrent with insemination. This work confirmed that
higher pregnancy rates resulting from STAI compared to
FTAI are due primarily to higher estrous response rates
prior to insemination, in contrast to the theory that timing
of insemination is more optimally aligned relative to
GnRH-induced ovulations [10,12]. Despite the high overall
estrous response that is observed in heifers when STAI is
practiced, a percentage of heifers fail to exhibit estrus prior
to 90 hours after PG. Pregnancy rates resulting from AI are
generally reduced among these heifers compared with
those that exhibit estrus, despite the fact that GnRH is
routinely administered concurrent with AI. This experi-
ment was designed to further evaluate the use of STAI in
beef heifers following synchronization of estrus with the
14-day CIDR-PG protocol by determining the effect of
GnRH administration among heifers that fail to exhibit
estrus prior to 90 hours after PG.

2. Materials and methods

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

2.1. Experimental design

Estrus was synchronized in 1138 Angus and Angus-
crossbred heifers across six locations using the 14-day
CIDR-PG protocol (Fig. 1). Heifers received an Eazi-Breed
CIDR insert (1.38 g progesterone; Zoetis, Madison, NJ,
USA) on Day 0 with removal on Day 14; PG (25 mg,
intramuscular [im]; Lutalyse, Zoetis) was administered
16 days after CIDR removal on Day 30; and GnRH was
administered (100 mg, im; Cystorelin, Merial, Athens, GA,
USA) on Day 34 based on treatment. Estrus detection aids
(Estrotect, Rockway Inc., Spring Valley, WI, USA) were
applied at PG on Day 30, with estrus recorded at 66 and

90 hours after PG on Days 33 and 34, respectively. Timing
of insemination was based on expression of estrus
66 hours after PG, with estrus being defined as having at
least 50% of the coating rubbed off of the Estrotect patch.
Heifers were preassigned to treatments across locations
using reproductive tract score (RTS; 1–5 scale) and weight
(BW) recorded at CIDR insertion [13–15]. Heifers with an
RTS of 1 were removed from the experiment. Technicians
that performed AI and AI sires were preassigned to
treatments based on RTS and BW to ensure that treat-
ments were not biased. Heifers in each treatment that
exhibited estrus by 66 hours were inseminated, whereas
AI was delayed 24 hours until 90 hours after PG for
heifers failing to exhibit estrus by 66 hours. Heifers in
treatment 1 were administered GnRH 90 hours after PG
irrespective of estrus expression, whereas, in treatment 2,
GnRH was not administered. For each heifer, times were
recorded at which PG and GnRH were administered and
AI was performed. For a subset of heifers that failed to
exhibit estrus by 90 hours after PG, ovulation was
confirmed via transrectal ultrasonography. Heifers were
exposed to fertile bulls beginning 14 days after AI.

2.2. Determining ovulation status

Ovulatory status was determined via transrectal ul-
trasonography of ovaries (SonoSite EDGE equipped with
an L52 10.0–5.0 MHz linear-array transducer; SonoSite
Inc., Bothell, WA, USA) for a subset of heifers that failed to
express estrous prior to 90 hours after PG. Heifers that
failed to express estrus during the 24-hour delay period
were inseminated at 90 hours with or without GnRH
administration at AI. Ovaries of these heifers were then
re-examined 48 hours after insemination was performed
to determine disappearance of the dominant follicle.

2.3. Pregnancy diagnosis

Pregnancy rate to AI was determined by transrectal
ultrasonography (SonoSite EDGE equipped with an L52
10.0–5.0 MHz linear-array transducer) 60 to 90 days
after AI.

2.4. Statistical analysis

Weight and RTS of heifers did not differ between
treatments determined by the TTEST procedure of SAS.
Differences between treatments for estrous response at
66 and 90 hours after PG, success of ovulation, and
pregnancy rate resulting from AI were analyzed by using
a two by two contingency c2 analysis (PROC FREQ; SAS
Inst. Inc., Cary, NC, USA). Pregnancy rate to AI for heifers
that failed to exhibit estrus by 90 hours after PG was
analyzed using analysis of variance (PROC GLIMMIX; SAS
Inst. Inc.) with treatment, success of ovulation, and the
interaction of treatment by success of ovulation. Preg-
nancy rate to AI for heifers inseminated at 66 and
90 hours was reanalyzed using PROC GLIMMIX, with
treatment, estrous response at 66 and 90 hours, and the
interaction of treatment by estrous response included in
the model.
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3. Results

The number of heifers, mean BW, and RTS for each
location and treatment are shown in Table 1. For heifers in
treatment 1 that were inseminated at the standard time of
66 hours, the interval from PG to AI was 66.6 " 0.1 hours.
For heifers in treatment 1 that failed to exhibit estrus by
66 hours and in which case insemination was delayed, the
interval from PG to GnRH administration, concurrent with
insemination, was 89.5" 0.1 hours. For heifers in treatment
2 that expressed estrus by 66 hours, the interval from PG to
insemination was 66.6 " 0.1 hours. For heifers in this
treatment that failed to exhibit estrus by 66 hours and
received delayed insemination, the interval from PG to
insemination was 89.4 " 0.1 hours.

Estrous response for heifers within each location and
treatment is shown in Table 2. Estrous response did not
differ between treatments at 66 hours (treatment 1 ¼ 70%;
treatment 2¼71%; P¼0.58) or 90hours (treatment 1¼59%;
treatment 2 ¼ 52%; P ¼ 0.21). Overall estrous response,
therefore, was similar between treatments (treatment
1 ¼ 88%; treatment 2 ¼ 86%; P ¼ 0.50).

Pregnancy rates of heifers toAI basedon location, estrous
response, and treatment are shown in Table 3. Heifers in
both treatments that expressed estrus by 66 hours achieved
similar pregnancy rates (treatment 1 ¼ 58%; treatment
2 ¼ 62%; P ¼ 0.86). There were no differences between

Table 1
Heifer weight and reproductive tract score based on location and
treatment.a

Location Treatment n BW, kg RTS

1 1 93 374.7 " 4.2 4.2 " 0.1
2 89 372.4 " 3.9 4.1 " 0.1

2 1 115 321.2 " 3.5 4.0 " 0.1
2 115 322.7 " 3.8 4.1 " 0.1

3 1 38 364.2 " 2.9 4.0 " 0.1
2 40 363.8 " 3.0 4.0 " 0.1

4 1 226 380.5 " 3.9 4.3 " 0.1
2 230 379.9 " 3.7 4.3 " 0.1

5 1 40 375.0 " 3.7 4.2 " 0.1
2 40 375.9 " 3.8 4.3 " 0.1

6 1 56 373.9 " 4.0 3.9 " 0.1
2 56 374.0 " 3.9 4.0 " 0.1

Total 1 568 365.4 " 1.6 4.2 " 0.0
2 570 365.2 " 1.6 4.2 " 0.0

Data presented as mean values ("SEM).
Abbreviations: AI, artificial insemination; BW, weight; PG, prostaglandin;
RTS, reproductive tract score; SEM, standard error of the mean.

a Heifers in both treatments were inseminated utilizing split-time AI.
Heifers in each treatment that exhibited estrus by 66 hours after PG were
inseminated; however, GnRH was not administered to heifers in either
treatment at the time AI was performed. Heifers in both treatments that
failed to exhibit estrus by 66 hours were inseminated at 90 hours. When
AI was performed at 90 hours, heifers in treatment 1 were administered
GnRH at AI; however, GnRH was not administered to heifers in treatment
2 (Fig. 1).

Fig. 1. Split-time AI treatment diagrams for heifers. Heifers in both treatments were inseminated utilizing split-time AI. Heifers in each treatment that exhibited
estrus by 66 hours after PGF2a were inseminated; however, GnRH was not administered to heifers in either treatment at the time AI was performed. Heifers in
both treatments that failed to exhibit estrus by 66 hours were inseminated at 90 hours. When AI was performed at 90 hours, heifers in treatment 1 were
administered GnRH at AI; however, GnRH was not administered to heifers in treatment 2.
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treatments in pregnancy rate resulting from AI for heifers
that expressed estrus during the 24-hour delay period
(treatment 1, GnRH at 90 hours ¼ 59%; treatment 2, no
GnRH ¼ 59%; P ¼ 0.95) or for heifers that failed to express
estrus (treatment 1, GnRH at 90 hours ¼ 23%; treatment 2,
no GnRH ¼ 16%; P ¼ 0.35). Furthermore, there was no sig-
nificant effect of treatment on overall pregnancy rate
resulting from AI (treatment 1 ¼ 54%; treatment 2 ¼ 56%;
P¼ 0.60). Finally, there were no differences in AI pregnancy
rate based on sire or technician.

Within the subset of heifers for which ultrasound was
performed to determine ovulatory status, similar numbers
of heifers ovulated after insemination at 90 hours inde-
pendent of GnRH administration (treatment 1, GnRH at
90 hours ¼ 52%; treatment 2, no GnRH ¼ 50%; P ¼ 0.42;
Table 4). Dominant follicles (#10 mm) were present in 93%
and 84% of heifers in treatments 1 and 2, respectively. The
largest follicle diameter did not differ between treatments
(treatment 1 ¼11.5 mm; treatment 2 ¼ 12.3 mm; P ¼ 0.29),
and heifers that ovulated in each treatment had similar
largest follicle diameters (treatment 1 ¼ 11.7 mm; treat-
ment 2 ¼ 13.4 mm; P ¼ 0.11). Pregnancy rate did not differ
between treatments (treatment 1 ¼ 24%; treatment
2 ¼ 15%; P ¼ 0.97), and pregnancy rates were similar

between treatments (treatment 1 ¼ 15%; treatment
2 ¼ 31%; P ¼ 0.36) among heifers for which ovulation was
confirmed.

4. Discussion

Split-time artificial insemination was developed as a
novel breeding strategy that improves pregnancy rates in
beef heifers following synchronization of estrus with the
14-day CIDR-PG protocol [10]. The success in using this
strategy occurs because of increased estrous expression
during the 20- to 24-hour delay period, which is supported
by results from previous studies inwhich higher pregnancy
rates are achieved by females that express estrous prior to
insemination [3,12]. Interestingly, results from these initial
studies demonstrated that pregnancy rates for nonestrous
heifers that received delayed insemination did not differ on
the basis of whether GnRHwas administered at 66 hours or
concurrently with insemination performed at 90 hours
[10–12].

Table 2
Estrous response in heifers based on location and treatment.a

Location Estrous status Treatment 1 Treatment 2

Proportion % Proportion %

1 Overall estrous
response

85/93 91 76/89 85

Estrous by 66 h 74/93 80 69/89 78
Estrous 66–90 h 11/19 58 7/20 35

2 Overall estrous
response

99/115 86 97/115 84

Estrous by 66 h 84/115 73 84/115 73
Estrous 66–90 h 15/31 48 13/31 42

3 Overall estrous
response

35/38 92 35/40 88

Estrous by 66 h 28/38 74 31/40 78
Estrous 66–90 h 7/10 70 4/9 44

4 Overall estrous
response

193/226 85 207/230 90

Estrous by 66 h 144/226 64 160/230 70
Estrous 66–90 h 49/82 60 47/70 67

5 Overall estrous
response

33/40 83 31/40 78

Estrous by 66 h 27/40 68 22/40 55
Estrous 66–90 h 6/13 46 9/18 50

6 Overall estrous
response

52/56 93 45/56 80

Estrous by 66 h 38/56 68 39/56 70
Estrous 66–90 h 14/18 78 6/17 35

Total Overall estrous
response

497/568 88 491/570 86

Estrous by 66 h 395/568 70 405/570 71
Estrous 66–90 h 102/173 59 86/166 52

a Heifers in both treatments were inseminated utilizing split-time
artificial insemination (AI). Heifers in each treatment that exhibited
estrus by 66 hours after prostaglandin F2a were inseminated; however,
GnRH was not administered to heifers in either treatment at the time AI
was performed. Heifers in both treatments that failed to exhibit estrus by
66 hours were inseminated at 90 hours. When AI was performed at
90 hours, heifers in treatment 1 were administered GnRH at AI; however,
GnRH was not administered to heifers in treatment 2 (Fig. 1).

Table 3
Pregnancy ratea in heifers resulting from split-time artificial insemination
based on location, estrous response, and treatment.b

Location Estrous response STAI pregnancy rate

Treatment 1 Treatment 2

Proportion % Proportion %

1 Estrous by 66 h 51/74 69 46/69 67
Estrous by 90 h 8/11 73 6/7 86
Nonestrous 90 h 1/8 13 3/13 23
Total 60/93 65 55/89 62

2 Estrous by 66 h 51/84 61 53/84 63
Estrous by 90 h 10/15 67 10/13 77
Nonestrous 90 h 2/16 13 1/18 6
Total 63/115 55 64/115 56

3 Estrous by 66 h 14/28 50 22/31 71
Estrous by 90 h 3/7 43 3/4 75
Nonestrous 90 h 0/3 0 1/5 20
Total 17/38 45 26/40 65

4 Estrous by 66 h 78/144 54 87/160 54
Estrous by 90 h 29/49 59 21/47 45
Nonestrous 90 h 7/33 21 7/23 30
Total 114/226 50 115/230 50

5 Estrous by 66 h 16/27 59 13/22 59
Estrous by 90 h 5/6 83 6/9 67
Nonestrous 90 h 6/7 86 1/9 11
Total 27/40 68 20/40 50

6 Estrous by 66 h 21/38 55 32/39 82
Estrous by 90 h 5/14 36 5/6 83
Nonestrous 90 h 0/4 0 0/11 0
Total 26/56 46 37/56 66

Total Estrous by 66 h 231/395 58 253/405 62
Estrous by 90 h 60/102 59 51/86 59
Nonestrous 90 h 16/71 23 13/80 16
Total 307/568 54 317/570 56

Abbreviation: STAI, split-time artificial insemination.
a Pregnancy rate to timed insemination at 66 hours and 90 hours after

PG, determined by ultrasound 60 to 90 days after AI.
b Heifers in both treatments were inseminated utilizing split-time AI.

Heifers in each treatment that exhibited estrus by 66 hours after prosta-
glandin F2a were inseminated; however, GnRH was not administered to
heifers in either treatment at the time AI was performed. Heifers in both
treatments that failed to exhibit estrus by 66 hours were inseminated at
90 hours. When AI was performed at 90 hours, heifers in treatment 1were
administered GnRH at AI; however, GnRHwas not administered to heifers
in treatment 2 (Fig. 1).
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Studies that compared early and delayed administra-
tion of GnRH when STAI was used in conjunction with the
14-day CIDR-PG protocol raised questions regarding the
use of GnRH in heifers following STAI. Estrous response
recorded during the delay period among nonestrous fe-
males at 66 hours after PG was similar for heifers that
received GnRH at 66 or 90 hours after PG, which was in
contrast to results in cows, in which estrous response
was decreased by 16% when GnRH was administered
at 66 hours rather than postponing administration to
90 hours concurrent with insemination [12]. Adminis-
tration of GnRH is expected to reduce estrus expression
as luteinization is initiated in response to GnRH, which
decreases the production of follicular estradiol [16]. The
marked difference in estrous expression between heifers
and cows following administration of GnRH suggests a
poor response to GnRH among a proportion of heifers
when GnRH was administered at 66 hours after PG rather
than being administered concurrent with AI 24 hours
later. The second important observation from that
experiment is that heifers that failed to exhibit estrus
prior to 90 hours after PG achieved very low (20%–22%)
pregnancy rates [12]. This may indicate that GnRH fails to
induce ovulation in a proportion of heifers or that GnRH-
induced ovulations are less fertile in heifers than in cows.

There were no differences in pregnancy rate resulting
from AI in this study when GnRH was omitted from the
STAI protocol. This observation supports the hypothesis
that GnRHmay be ineffective for inducing ovulation among
nonestrous heifers at 90 hours when STAI is practiced. This
hypothesis is further supported by the ovarian ultrasound
performed in this study, in which similar ovulatory rates
were observed regardless of whether GnRH was or was not
administered to heifers failing to exhibit estrus.

These results are not the first to demonstrate a failure
of GnRH to induce ovulation of a dominant follicle in
heifers. Treatment with GnRH at random stages of the
estrous cycle is estimated to induce ovulation in 66% of
cows but only 50% of heifers, with stage of development
of the dominant follicle being the determining factor in
whether heifers will respond [17,18]. For this reason, long-
term progestin-based protocols are more successful at
presynchronizing follicular waves in heifers compared to
shorter protocols such as the 7-day CO-Synch and CIDR

protocol that requires GnRH to reset follicular develop-
ment at the time a CIDR is inserted [5,19–21]. Even when
follicular waves were presynchronized using a progestin,
GnRH administration 7 days prior to AI failed to increase
synchrony of estrus at AI [20,21].

A potential explanation of the failure of GnRH to induce
ovulation in STAI is that GnRH is being administered too late
in the estrous cycle. When experiments were performed
assessing ovulation rate on different days of the cycle, only
20% of beef heifers responded toGnRHas late as Day 18 [22].
Ovulatory response to GnRH is dependent on luteinizing
hormone receptors in the follicle, which increase in number
during growth of the dominant follicle but decrease once
the dominant follicle undergoes atresia [23–25]. The num-
ber of follicular waves per estrous cycle is inconsistent in
heifers and affects the interval from follicular growth to
atresia for each follicular wave. This narrows the time at
which a dominant follicle is responsive to GnRH [26,27].

These data support previously published results that
point to the potential to improve pregnancy rates in beef
heifers when STAI is used in conjunction with the 14-day
CIDR-PG protocol. The results presented here suggest that
GnRH administration may be unnecessary among heifers
when STAI is performed in conjunction with the 14-day
CIDR-PG protocol. Finally, these results raise questions
regarding the general efficacy of GnRH in beef heifers, and
it remains unclear why in many instances heifers fail to
ovulate a dominant follicle in response to GnRH.
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