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Comparison of different
GnRH compounds on fertility
outcomes in ovulation
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and Pedro L. P. Fontes®*
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Georgia, Athens, GA, United States, *Prairie Research Unit, Mississippi State University, Prairie, MS,
United States, “Department of Animal Science, Texas AGM University, College Station, TX, United
States, °Texas A&M AgrilLife Research, College Station, TX, United States

This study evaluated the use of two different gonadotropin-releasing hormone
(GnRH) compounds in estrus synchronization protocols with or without
presynchronization. Cows (n = 1,585) were enrolled in a completely
randomized design with a 2x2 factorial arrangement of treatments. Within
each location, cows were randomly assigned to one of four treatments: (1 and
2) cows were estrus synchronized using the 7-day CO-Synch + CIDR protocol
(7D) wherein they received an injection of one of two GnRH compounds
[gonadorelin hydrochloride (GH) or gonadorelin diacetate tetrahydrate (GDT)]
and a controlled internal drug release (CIDR) device on day O, an injection of
prostaglandin F,,, (PG) at CIDR removal on day 7, and a second injection of their
respective GnRH compound at fixed-time artificial insemination (TAI) on day 10
(7D-GH and 7D-GHT); (3 and 4) cows were treated with the 7&7 Synch (7&7)
protocol, wherein they were treated the same as treatments 1 and 2 but received
their CIDR inserts on day -7 in conjunction with an injection of PG (7&67-GH and
767-GDT). Breeding indicator patches were applied to all cows at CIDR removal
and were evaluated for activation at TAI. Follicle diameter differed by ovulation
synchronization protocol on days 0, 7, and 10, where cows enrolled in the 767
had greater (P < 0.008) dominant follicle diameters than those in the 7D. No
differences (P > 0.19) in ovarian parameters were determined between GH and
GDT cows. Estrus expression differed (P < 0.001) by synchronization protocol and
was greater in cows enrolled in the 7&7 than the 7D (80.4 + 2.8 vs. 55.5 + 4.1%,
respectively), yet no differences (P = 0.32) in estrus expression were determined
between GH- and GDT-treated cows. Pregnancy rates to TAl did not differ (P =
0.57) by GnRH compound but differed (P = 0.01) by synchronization protocol,
where cows enrolled in the 767 had greater PR/Al when compared to those in
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the 7D (60.9 + 2.5 vs. 539 + 2.6%, respectively). In conclusion, fertility was
improved through the use of presynchronization; however, no differences in
fertility parameters were determined between GH and GDT in either
synchronized or presynchronized beef cows.
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Introduction

Gonadotropin-releasing hormone (GnRH) products are
commonly utilized during estrus synchronization of both beef
and dairy females to induce ovulation; however, ovulation will
only occur if a sufficiently large dominant follicle is present on the
ovary (Sartori et al., 2001). When GnRH was administered at a
random stage of the estrous cycle, only 66% of cows ovulated and
had synchronized emergence of their subsequent follicular wave
(Geary et al., 2000). Therefore, presynchronization strategies have
been utilized to increase the response to the injection of GnRH at
the beginning of estrus synchronization protocols (Perry et al,
20125 Bonacker et al., 2020). Perry and colleagues administered
prostaglandin F,,, (PG) 3 days prior to administration of GnRH and
insertion of a controlled internal drug release (CIDR) device for 6
days (Perry et al,, 2012). This strategy resulted in a greater number
of beef cows responding to the initial injection of GnRH and
increased pregnancy rates to fixed-time artificial insemination
(PR/AL; TAI). Presynchronization with a CIDR insert and an
injection of PG 7 days prior to GnRH administration also
resulted in improved fertility outcomes in both beef heifers
(Oosthuizen et al., 2020) and cows (Andersen et al.,, 2021). This
strategy, commonly referred to as the 7&7 Synch (7&7), requires a
CIDR to be in place for 14 days and an injection of GnRH to be
administered 7 days after CIDR insertion to stimulate the formation
of a new follicular wave and a dominant follicle for TAI. If females
do not respond to this injection of GnRH, a persistent follicle could
develop, which would have reduced fertility to TAI (Ahmad
et al., 1995).

Currently, there are five GnRH products available in the United
States, all of which contain the identical decapeptide, gonadorelin,
yet differ by their salt and composition of dilutant, which could
affect their ability to stimulate ovulation (Martinez et al, 2003;
Souza et al., 2009; Luchterhand et al., 2019). These products are
comprised of one of three gonadorelin compounds, namely
gonadorelin hydrochloride (GH), gonadorelin acetate, or
gonadorelin diacetate tetrahydrate (GDT). Numerous studies have
been conducted to determine the efficacy of these GnRH
compounds in comparison to one another in dairy cows.
Research in both lactating and non-lactating dairy cows
demonstrated differences in the percentage of females ovulating to
the GnRH injection, where females that received GDT had a greater

Frontiers in Animal Science

rate of ovulation than those that received GH (Martinez et al., 2003;
Souza et al, 2009). Poock and colleagues evaluated PR/AI in
postpartum dairy cows that were treated with either GDT or GH
and reported that the GnRH product did not significantly affect PR/
Al when dairy cows were treated with an Ovsynch-based protocol
(Poock et al., 2015). Conversely, fewer lactating dairy cows
synchronized with the Double-Ovsynch protocol ovulated to GH
when compared with GDT, and PR/AI were lower in GH-treated
females (Luchterhand et al., 2019). These studies all report that
GDT is more effective at inducing ovulation than GH yet reports on
PR/AI are mixed. Furthermore, the abovementioned research was
only conducted in dairy cows using synchronization strategies
without the use of a progestin, which may limit its applicability to
estrus synchronization programs for beef females. Literature on
gonadorelin compound efficacy in beef females is limited
(Stevenson et al., 2000).

The objectives of the present experiment were to: 1) compare
ovarian parameters, estrus expression, and PR/AI between GH and
GDT in beef cows synchronized with progesterone, PG, and GnRH,
and 2) determine if differences exist in these response variables
between GnRH compounds when used during estrus
synchronization with or without presynchronization. Based on
the differences between GnRH compounds reported in the dairy
cows, it was hypothesized that the use of GDT would result in
greater PR/AI compared with GH in beef cows exposed to estrus
synchronization. In addition, it was hypothesized that differences in
PR/AI due to GnRH compound would be mitigated by exposing
cows to presynchronization with the 7&7 Synch protocol.

Materials and methods
Animals and treatments

All cows were handled in accordance with procedures approved
by the University of Georgia’s Animal Care and Use Committee. A
total of 1,585 suckled primiparous (n = 411) and multiparous (n =
1,174) Bos taurus beef cows (Angus, Angus x Hereford, Angus x
Simmental) from 15 locations (Table 1) in five states (CO, GA, MS,
NE, SD) were enrolled in a completely randomized design with a
2x2 factorial arrangement of treatments. Within location, cows
were randomly assigned to one of four treatments (Figure 1): 1)
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TABLE 1 Descriptive data by location.

Estrus
Location State No. cows  Parity* DPP, days? BCS® BW, kg*  Expression,  PR/AIl, %°
%5
A GA 44 Multi 75.89 + 18.89 519059 57021 +47.68 568 (25/44) 52.3 (23/44)
B GA 105 Multi 85.50 + 17.36 436073 56979 +5977 533 (56/105) 54.3 (57/105)
c GA 82 Multi 81.37 + 1827 5214047 60561 6889 632 (52/82) 59.8 (49/82)
D GA 80 Multi 83.99 + 1534 4694057 | 49268 +5218 613 (49/80) 73.8 (59/80)
E GA 73 Both 99.24 + 34.08 44+068 464037706 534 (39/73) 50.7 (37/73)
E NE 77 Primi 116,54 + 1016 545+ 050 | 5136244316  83.1(64/77) 55.8 (43/77)
G NE 156 Multi 79.86 + 9.87 503+ 066 | 69797 £5665 782 (122/156)  66.0 (103/156)
H NE 104 Multi 87.19 + 13.40 500+063 622476078 75.0 (78/104) 615 (64/104)
I co 113 Primi 112,81 + 2060 5194069 | 471.02+4074  76.1 (86/113) 59.3 (67/113)
y sD 138 Both . 5.02 + 0.69 - 63.5 (87/137) 53.6 (74/138)
K SD 78 Both 10156 + 13.78 468 +0.55 - 81.8 (63/77) 57.7 (45/78)
L sD 84 Both 67.16 £ 10.61 493 £ 0.60 - 82.1 (69/84) 59.5 (50/84)
M MS 171 Both 74,67 + 1885 540+ 044 59259 £8193 655 (112/171) 480 (82/171)
N GA 68 Multi 85.56 + 17.72 4744054 | 5718345923 57.4 (39/68) 52.9 (36/68)
o GA 212 Both 87.32 + 18.72 5154058 | 57026 +8856 | 712(I51212) | 67.5 (143/212)
Overall - 1585 . 87.68 + 21.82 5014067 5721249428  69.1 (1093/1583) = 58.8 (932/1585)

! Multi, multiparous cows; Primi, primiparous cows; Both, a combination of both multiparous and primiparous cows.

2 Days postpartum at the time of fixed time artificial insemination (TAI). Calving records were not available for location J.

* Body condition score was recorded on a scale of 1 to 9 on day -7 as previously described by Wagner et al. (1988).

* Body weight was recorded on day -7. No weighing facilities were available at locations J, K, and L.

® Overall estrus expression across all treatments at each location. Breeding indicator patches (Estrotect; Rockway Inc., Spring Valley, WI) were applied to all cows at CIDR removal and were
evaluated for activation at TAIL Patch data was unavailable for two cows.

© Overall pregnancy rate to TAI across all treatments at each location.

TAI
GnRH (GH/GDT) PG GnRH (GH/GDT)
PG us us us
v v v
7&7 Synch
TAI
GnRH (GH/GDT) PG GnRH (GH/GDT)
us us us
v v
7-Day CO-Synch + CIDR
Day 7 0 7 10

FIGURE 1

Schematic of treatments. CIDR, controlled internal drug release insert; GnRH, gonadotropin-releasing hormone; PG, prostaglandin Fy,; TAI, fixed-
time artificial insemination—performed 66 + 2 hours after PG administration; US, ultrasound. At the time of GnRH administration, cows received
either a GnRH product comprised of gonadorelin hydrochloride (GH) or a product comprised of gonadorelin diacetate tetrahydrate (GDT).
Ultrasonography was performed on days 0, 7, and 10 to evaluate the presence and size of a dominant follicle and the presence of a corpus luteum.
Breeding indicator patches were applied to all heifers at CIDR removal (day 7) and were evaluated for activation at the time of TAI (day 10).
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cows were estrus synchronized using the 7-day CO-Synch + CIDR
protocol (7D) wherein they received 100 pg of GH (2 mL im;
Factrel; Zoetis Animal Health, Parsippany, NJ) and a CIDR insert
(EAZI-BREED CIDR; 1.38 g progesterone; Zoetis Animal Health)
on day 0, 25 mg of PG (2 mL im; dinoprost tromethamine; Lutalyse
HighCon; Zoetis Animal Health) at CIDR removal on day 7, and
100 pg of GH (2 mL im; Factrel) on day 10 at TAI 66 + 2 hours later
(7D-GH; n = 389); 2) cows were treated the same as 7D-H but
received 100 pg of GDT as their GnRH compound (2 mL imj
Cystorelin; Boehringer Ingelheim, Ingelheim, Germany) on days 0
and 10 (7D-GDT; n = 397); 3) cows were treated the same as 7D-
GH but received a CIDR insert on day -7 concurrent with an
injection of PG (7&7-GH; n = 391); 4) cows treated the same as
7&7-GH but received 100 pug of GDT as their GnRH compound (2
mL im; Cystorelin) on days 0 and 10 (7&7-GDT; n = 408). Breeding
indicator patches (Estrotect; Rockway Inc., Spring Valley, WI) were
applied to all cows at CIDR removal and were evaluated for
activation at TAI to determine if estrus had been expressed.
Patches were considered activated when at least 50% of the rub-
off coating was removed from the patch or when the patch was
missing. On day -7, cow body weight (BW) and body condition
score (BCS) were recorded. Body condition score was recorded on a
scale of 1 to 9 as previously described by Wagner et al. (1988). Each
location provided their own AI technician(s) and their own
conventional semen. Clean-up bulls were introduced no less than
8 days after TAI at each location. Transrectal ultrasonography was
performed at each location between 28 and 55 days after TAI to
determine PR/AL

Ovarian ultrasonography

Transrectal ultrasonography (Sonoscape S8EXP, Soundscape
Medical Corp, Shenzhen, GD, China) was performed in a subset
of multiparous cows (n = 160) at location O on days 0 (GnRH), 7
(PG), and 10 (TAI) to determine the presence of a dominant follicle,
the dominant follicle diameter, and the presence and number of
corpora lutea (CLs). Follicles with a diameter of > 4 mm were
recorded. The length and width of the largest follicle on each ovary
were measured using electronic calipers. The first measurement was
taken at the widest point of the follicle and the second was taken at
the tallest point at a right angle to the first measurement. The mean
of these two measurements was used to reflect the diameter of the
follicle. Cows with a dominant follicle on day 7 (= 8.5 mm) and with
no dominant follicle on day 10 were considered to have ovulated
prior to TAIL

Statistical analyses

All data were analyzed as a completely randomized design with
a 2x2 factorial arrangement of treatments using the SAS statistical
package (version 9.4; SAS/STAT, SAS Inst. Inc., Cary, NC, USA). A
cow was considered the experimental unit in all the analyses. The
GLIMMIX procedure of SAS was used to analyze the binary
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response variables (follicles > 10 mm on day 0, absence of a CL
on days 0 and 7, presence of a single CL on days 0 and 7, presence of
multiple CLs on days 0 and 7, estrus expression, PR/AI, and
ovulation between days 7 and 10), whereas the MIXED procedure
of SAS was used to analyze the continuous descriptive (BCS, BW,
and days postpartum [DPP]) and response variables (follicle
diameter on days 0, 7, and 10). The models for estrus expression
and PR/AI included the fixed effect of synchronization protocol (7D
or 7&7), GnRH compound (GH or GDT), parity (primiparous or
multiparous), and all interactions, as well as the random effect of
location. The models for BCS, BW, and DPP included the fixed
effect of treatment. The models for ovarian parameters included the
fixed effects of synchronization protocol, GnRH compound, and the
interaction. For all models, when significance (P < 0.05) was
determined for a fixed effect, least squares means were separated
using the PDIFF option in SAS. Insemination technician and sire
were equally distributed among treatments and consequently were
not included in any of the models. Statistical significance was
declared at P < 0.05, with 0.05 < P < 0.10 considered a tendency.
Least square means + SEM are reported.

Results
Descriptive variables

Cow BCS, BW, and DPP at each location are summarized in
Table 1. No differences were determined for cow BCS [7D-GH (4.97
+ 0.09), 7D-GDT (5.01 + 0.09), 7&7-GH (4.93 + 0.09), 7&7-GDT
(4.96 £ 0.09); P =0.29], BW [7D-GH (564.68 + 19.80 kg), 7D-GDT
(566.22 + 19.80 kg), 7&7-GH (557.86 + 19.80 kg), 7&7-GDT
(559.01 + 19.78 kg); P = 0.31], or DPP [7D-GH (88.43 + 3.89),
7D-GDT (88.06 + 3.89), 7&7-GH (88.33 % 3.89), 7&7-GDT (89.08 +
3.89); P = 0.89] among treatments.

Ovarian responses

A summary of ovarian response variables recorded on days 0, 7,
and 10 is presented in Table 2. At GnRH administration on day 0,
follicle diameter differed (P < 0.001) by synchronization protocol,
where cows enrolled in the 7&7 had a greater mean follicle diameter
than those enrolled in the 7D (14.61 + 0.37 vs. 11.94 + 0.38 mm,
respectively). Furthermore, a greater (P = 0.03) proportion of cows
in the 7&7 had a dominant follicle > 10 mm in diameter on day 0
compared with cows in the 7D (934 + 2.9% vs. 80.7 + 4.7%,
respectively). No difference between GnRH compounds and no
GnRH x synchronization protocol interaction was determined for
follicle diameter on day O or the proportion of cows with a
dominant follicle > 10 mm in diameter on day 0 (P = 0.56). The
percentage of cows without a CL on day 0 differed (P < 0.001) by
synchronization protocol, where a greater proportion of cows
enrolled in the 7&7 protocol did not have a CL present compared
with 7D cows (69.6 + 5.2% vs. 31.9 + 5.2%, respectively). Moreover,
fewer (P = 0.0002) cows in the 7&7 protocol had a single CL present
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TABLE 2 Ovarian response variables by synchronization protocol and GnRH compound in a subset (n = 160) of cows™.

7-day CO-Synch + CIDR 787 Synch P-value
Hydrochloride DIEEEEL Hydrochloride Diacetate ¢\, GnRH  SXG
tetrahydrate tetrahydrate
No. of cows 41 40 41 38
Day 0
Follicle diameter, mm 12.02 £ 0.55 11.87 £ 0.52 14.52 £ 0.53 14.70 £ 0.53 < 0.0001 0.98 0.75
Follicles > 10 mm, % 824 £ 6.5 79.0 £ 6.6 91.9 + 4.5 94.6 + 3.7 0.03 0.85 0.56
Absence of CL, % 268 £ 6.9 375477 70.7 £ 7.1 68.4+75 < 0.0001 0.58 0.38
Presence of single CL, % 610 +7.6 525+79 244 +6.7 290+ 7.4 0.0002 0.87 0.40
Presence of multiple CL, % 122 +5.1 10.0 + 4.7 49 +34 26+26 0.01 0.55 0.77
Day 7
Follicle diameter, mm 11.55 £ 0.33 11.68 £ 0.33 12.41 £ 0.30 12,55 £ 0.33 0.01 0.68 0.99
Absence of CL, % 17.1£59 15.0 £ 5.7 220 £ 65 184 £63 0.50 0.65 0.94
Presence of single CL, % 659 +74 60.0 +7.8 75.6 £ 6.7 73.7 7.1 0.12 0.61 0.83
Presence of multiple CL, % 171 +5.9 250 + 6.9 24+24 79+ 44 0.01 0.19 0.57
Day 10
Follicle diameter, mm 14.36 + 0.32 13.46 £ 0.32 14.75 £ 0.32 14.92 £ 0.34 0.01 0.27 0.10
Follicle growth, mm 2.83 031 2.05 +0.31 2.54 +£0.29 2.67 £0.22 0.60 0.29 0.14

! 7-day CO-Synch + CIDR protocol: cows received an injection of one of two gonadotropin-releasing hormone (GnRH) compounds (gonadorelin hydrochloride or gonadorelin diacetate
tetrahydrate) and a controlled internal drug release (CIDR) device on day 0, an injection of prostaglandin F,,, (PG) at CIDR removal on day 7, and a second injection of their respective GnRH
compound at fixed-time artificial insemination on day 10. 7&7 Synch: cows were treated the same as 7-day CO-Synch + CIDR cows but received their CIDR inserts on day -7 in conjunction with

an injection of PG. Least square means + SEM are reported.

on Day 0 compared with 7D cows (26.6 + 5.0% vs. 56.8 + 5.5%,
respectively), and there was a tendency (P = 0.095) for a greater
proportion of cows enrolled in the 7D to have multiple CL present
on day 0 compared with cows enrolled in the 7&7 (11.1 + 3.5% vs.
3.6 + 2.2%, respectively). No difference between GnRH compounds
and no GnRH x synchronization protocol interaction was
determined for the percentage of cows without a CL on day 0, the
percentage of cows with a single CL on day 0, or the percentage of
cows with multiple CLs on day 0 (P > 0.38).

At CIDR removal on day 7, follicle diameter differed by
synchronization protocol and was greater (P = 0.008) in the cows
enrolled in the 7&7 when compared to cows enrolled in the 7D
(12.48 £ 0.22 vs. 11.61 + 0.23 mm, respectively). No difference
between GnRH compounds and no GnRH x synchronization
protocol interaction was determined for follicle diameter on day 7
(P = 0.68). In addition, there was no effect of synchronization
protocol or GnRH compound, and no GnRH x synchronization
protocol interaction was determined for the percentage of cows
without a CL on day 7 (P 2 0.50). Furthermore, no difference (P =
0.12) was determined between synchronization protocols for the
presence of a single CL on day 7 (74.7 + 4.9 vs. 63.0 + 5.4%,
respectively). No difference between GnRH compounds and no
GnRH x synchronization protocol interaction was determined for
the presence of a single CL on day 7 (P > 0.61). Nevertheless, the
proportion of cows with multiple CL on day 7 differed (P = 0.009)
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by synchronization protocol and was greater in cows enrolled in the
7D when compared to those enrolled in the 7&7 (20.8 + 4.6 vs. 4.4 +
2.5%, respectively). No difference between GnRH compounds and
no GnRH x Synchronization protocol interaction was determined
for the presence of multiple CL on day 7 (P = 0.19).

On day 10, an effect of synchronization protocol was
determined, where follicle diameter was greater (P = 0.01) in
cows enrolled in the 7&7 than those in the 7D (14.83 + 0.23 vs.
13.91 + 0.23 mm, respectively). There was no impact of GnRH (P =
0.26) and no GnRH x synchronization protocol interaction (P =
0.10) was determined. Furthermore, no effect of synchronization
protocol (P = 0.28) or GnRH compound (P = 0.92), and no GnRH x
synchronization protocol interaction (P = 0.96) was determined for
the percentage of cows that ovulated between days 7 and 10 [7D-
GH (7.3 + 4.1%), 7D-GDT (7.5 + 4.2%), 7&7-GH (12.2 + 5.1%),
7&7-GDT (13.2 £ 5.5%)]. Follicular growth between days 7 and 10
was not influenced by GnRH (P = 0.29) or synchronization protocol
(P = 0.60), and no GnRH x synchronization protocol interaction
was determined (P = 0.14).

Expression of estrus

Overall, 69.1% of cows expressed estrus and the percentage of
cows expressing estrus ranged from 53.3% to 83.1% among
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locations (Table 1). The percentages of cows expressing estrus prior
to TAI are depicted in Figure 2. Estrus expression differed by
synchronization strategy, where cows enrolled in the 7&7 had
greater (P < 0.001) expression of estrus than those enrolled in the
7D (80.4 + 2.8 vs. 55.5 + 4.1, respectively). No differences were
determined for estrus expression between GnRH compounds (67.9
+3.7% and 70.8 + 3.5%, for GH and GDT, respectively; P = 0.32) or
between cow parity (67.1 + 4.4% and 71.6 + 3.3%, for primiparous
and multiparous cows, respectively; P = 0.25). No interactions
between synchronization strategy, GnRH compound, and parity
were determined (P > 0.28).

Pregnancy rates

Overall, 58.8% of cows became pregnant to TAI, and PR/AI
ranged from 48.0% to 73.8% among locations (Table 1). Pregnancy
rates to TAI are depicted in Figure 3. An effect of synchronization
strategy on PR/AI was determined, where cows in the 7&7
treatments had greater (P = 0.01) PR/AI than those in the 7D
treatments (60.9 + 2.5 vs. 53.9 £ 2.6, respectively). No differences
were determined between GnRH compounds for PR/AI (56.7 +
2.6% and 58.3 + 2.5%, for GH and GDT, respectively; P = 0.57), or
between cow parities (55.0 + 3.2% and 59.9 + 2.1%, for primiparous
and multiparous cows, respectively; P = 0.17). No interactions
between synchronization strategy, GnRH compound, and parity
were determined (P > 0.21).

3 Hydrochloride E3 Diacetate Tetrahydrate

Synch: P<0.01 b
10071 GnRH: P=0.32 80.4
SxG:P=095 —
90 79.3 81.6
a .
s 804 55.5 I
c 70+ | !
2 57.1
» 60+ 53.9
4 I
& 50- L
s
o 407
3
& 30+
[
W 204
10+
0 n =388 n =390

L] L]
7-day CO-Synch + CIDR 7&7 Synch
Estrus Synchronization Protocol

FIGURE 2

Estrus expression by treatment. 7-day CO-Synch + CIDR protocol:
cows received an injection of one of two gonadotropin-releasing
hormone (GnRH) compounds (gonadorelin hydrochloride or
gonadorelin diacetate tetrahydrate) and a controlled internal drug
release (CIDR) device on day 0, an injection of prostaglandin F,,
(PG) at CIDR removal on day 7, and a second injection of their
respective GnRH compound at fixed-time artificial insemination
(TAI) on day 10. 7&7 Synch: cows were treated the same as 7-day
CO-Synch + CIDR cows but received their CIDR inserts on day -7 in
conjunction with an injection of PG. Breeding indicator patches
were applied to all heifers at CIDR removal (day 7) and were
evaluated for activation at the time of TAI (day 10). Least square
means + SEM are reported. *PBars with different superscripts differ
(P < 0.05).
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Discussion

The purpose of this experiment was to compare fertility outcomes
of beef cows treated with either GH or GDT during an estrus
synchronization protocol with or without presynchronization. Based
on dairy cattle literature, wherein greater PR/AI (Luchterhand et al,
2019) and greater rates of ovulation (Martinez et al., 2003; Souza et al,,
2009; Luchterhand et al., 2019) have been reported in GDT-treated
females, it was hypothesized that PR/AI would be greater in GDT-
treated beef cows. Furthermore, because presynchronization with the
7&7 has been reported as a potential strategy to increase the ovulatory
response to the initial GnRH injection (Bonacker et al, 2020), we
hypothesized that any differences in PR/AI present between GH and
GDT would be mitigated through the use of presynchronization with
the 7&7. Contrary to our hypotheses, the results indicate no
differences in PR/AI when cows were treated with either GnRH
compound during either synchronization or presynchronization.

Dominant follicles reportedly acquire the ability to undergo
induced ovulation at a diameter of approximately 10 mm (Sartori
etal, 2001; Perry et al,, 2005); therefore, this threshold was utilized in
the present study to indicate follicles capable of GnRH-induced
ovulation. During the 7D, GnRH is administered at the time of
CIDR device insertion to stimulate ovulation via an induced LH
surge, yet only two-thirds of beef cows ovulate in response to GnRH
administered at a random stage of their estrous cycle (Geary et al,
2000). Females that fail to ovulate to the initial GnRH have a less
uniform follicular growth pattern during the period of the CIDR
insert, and consequently, have a greater variability in follicle size at
TAI (Perry et al, 2012). This variability could lead to a greater
proportion of smaller follicles present at TAI, which are less likely
to ovulate spontaneously or to the injection of GnRH, resulting in
fewer oocytes available for fertilization (Sartori et al., 2001; Perry et al,,
2005). In addition, follicle size is associated with follicle maturity, and
GnRH-induced ovulation of physiologically immature follicles can
result in reduced PR/AI and increased embryonic mortality (Perry
et al,, 2005). To overcome this issue, presynchronization strategies
have been developed to increase the proportion of females with a
dominant follicle capable of ovulation at the time of the initial
injection of GnRH, and can thus increase the rate of ovulation to
the GnRH injection and the synchrony of subsequent follicular wave
emergence (Perry et al, 2007, 2012; Bonacker et al,, 2020). When
Perry et al. (2012) administered PG 3 days prior to CIDR insertion, a
17-percentage point (%pt) increase in the proportion of cows that
responded to the initial injection of GnRH was observed. Moreover, a
40-%pt increase in follicular wave initiation was observed after the
initial injection of GnRH when replacement heifers received PG 3 days
prior to CIDR insertion (Grant et al., 2011). Presynchronization with
PG 3 days prior to CIDR insertion also resulted in greater uniformity
of follicular development and reduced variation in the interval
between CIDR removal and estrus expression (Grant et al, 2011).
Through the use of the 7&7, Bonacker et al. (2020) reported a 58-%pt
increase in the proportion of cows with a follicle > 10 mm at the initial
GnRH administration and the follicle diameters were 4.7 mm larger.
Similarly, in the present study, the proportion of cows with follicles >
10 mm in diameter on day 0 was 12.6%pt greater for the 7&7 cows
compared with the 7D cows, and these follicles were 2.7 mm larger on
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FIGURE 3

Pregnancy rates to fixed-time artificial insemination by treatment. 7-
day CO-Synch + CIDR protocol: cows received an injection of one
of two gonadotropin-releasing hormone (GnRH) compounds
(gonadorelin hydrochloride or gonadorelin diacetate tetrahydrate)
and a controlled internal drug release (CIDR) device on day 0, an
injection of prostaglandin F,,, (PG) at CIDR removal on day 7, and a
second injection of their respective GnRH compound at fixed-time
artificial insemination on day 10. 767 Synch: cows were treated the
same as 7-day CO-Synch + CIDR cows but received their CIDR
inserts on day -7 in conjunction with an injection of PG. Least
square means + SEM are reported. >°Bars with different superscripts
differ (P < 0.05).

average, indicating that greater follicular maturity may have been
achieved through the use of this presynchronization approach.

In the 7&7, PG is administered at the start of the protocol to
induce luteolysis of a CL that may be present on the ovary; however,
due to the presence of a CIDR insert, circulating concentrations of
progesterone inhibit the expression of estrus and spontaneous
ovulation prior to the first GnRH injection by suppressing the
release of luteinizing hormone (Colazo et al., 2008). In the present
study, 38%pt fewer cows in the 7&7 treatments had a CL present at
GnRH administration on day 0 than in the 7D treatments, which
indicates that the injection of PG on day -7 induced ovulation in a
large proportion of females. Nevertheless, 30% of the 7&7 cows still
had a CL present on day 0, which indicates that a proportion of
females had either recently ovulated and did not have a CL present
on their ovaries or had a young CL present that was not yet capable
of responding to the injection of PG on day -7 (Rowson et al., 1972).
The proportion of cows with a single CL present on day 7 did not
differ between 7&7 and 7D cows and no differences were
determined in the proportion of cows with a CL (single or
multiple) on day 7. During the 7&7, a large proportion of cows
will not have a CL present at CIDR removal unless ovulation has
occurred to the initial injection of GnRH or if they fail to respond to
the initial injection of PG. A proportion of 7&7 cows that fail to
respond to the initial PG will have a CL present at the initial GnRH
administration, and subsequently, those that ovulate to the GnRH
will develop a secondary CL. Similarly, 7D cows that have a CL
present at CIDR insertion and ovulate to the initial GnRH will
develop a secondary CL by CIDR removal. Given the lesser
proportion of 7&7 cows with a single CL on day 0 than 7D cows
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(approximately 27 vs. 57%), the 48% increase in the proportion of
7&7 cows with a single CL on day 7 compared with the 6% increase
in the 7D, and the minor increases in the proportion of females with
multiple CLs on day 7 in both the 7&7 and the 7D (approximately 1
and 10%), it is plausible that a greater proportion of 7&7 cows
ovulated to the initial injection of GnRH, yet ovulation rate was not
directly evaluated in the present study. Nevertheless, the results
observed for ovarian response variables indicate a more uniform
ovarian presentation in cows treated with presynchronization.

In dairy cattle, regardless of the presynchronization strategy, the
type of GnRH compound has also been shown to affect the rate of
ovulation to GnRH. Numerous studies have been conducted to
compare the effects of different GnRH compounds on fertility
parameters, where results demonstrated a lesser rate of ovulation
in females treated with GH when compared with those treated with
GDT (Martinez et al., 2003; Souza et al., 2009; Luchterhand et al.,
2019). Research in non-lactating dairy cows indicated differences in
the percentage of females ovulating to the injection of GnRH, where
females treated with a GDT product had a 38%pt greater rate of
ovulation than those treated with GH (Martinez et al., 2003). In
lactating dairy cows, the treatment groups that received GDT had
an 18 to 30%pt increase in ovulation rate compared with cows that
received GH (Souza et al., 2009) and 11%pt fewer cows
synchronized with the Double-Ovsynch protocol tended to
ovulate to the third GnRH when treated with GH compared with
cows treated with GDT (Luchterhand et al.,, 2019). Nevertheless,
research reports comparing the efficacy of these different GnRH
compounds in beef cattle are scarce (Stevenson et al., 2000), with no
large-scale experiments conducted comparing the effectiveness of
difterent sources of gonadorelin on ovulation in beef females. In the
present study, no differences were determined between GH and
GDT for the presence of follicles > 10 mm on day 0, for follicle
diameter on day 7, or for the presence of a single or multiple CLs on
days 0 or 7, which when taken together, suggest no difference in the
rate of ovulation to the initial GnRH between GnRH compounds.

Presynchronization with the 7&7 has been reported to increase
the expression of estrus in beef females by 14 to 20%pt (Andersen
et al., 2021; Pancini et al., 2022; Ketchum et al., 2024), therefore, it
was unsurprising that estrus expression was 25%pt greater in cows
exposed to the 7&7 in the present study. The increase in estrus
expression in the 7&7 cows is likely due to greater synchrony of
follicular wave emergence between days 0 and 7 and greater follicle
size at CIDR removal than the 7D cows, as a result of an increased
response to the initial GnRH. Another potential reason for greater
estrus expression prior to TAI in 7&7 cows is reduced circulating
concentrations of progesterone during ovulatory follicle
development when compared with 7D cows. Cows in the 7&7
treatment were exposed to exogenous progesterone from their
CIDR inserts for 14 days, yet less exogenous progesterone was
released over time (Rathbone et al., 2002), resulting in decreased
circulating concentrations of progesterone during the last 7 days of
use (Chacher et al, 2017; Dias et al., 2021). While circulating
concentrations of progesterone were not evaluated in the present
study, Bonacker et al. (2020) reported that cows exposed to the 7&7
had lesser circulating concentrations of progesterone at CIDR
removal compared with 7D cows; therefore, it is reasonable to
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speculate that 7&7 cows in the present study also had decreased
circulating concentrations of progesterone on day 7 compared with
7D cows. This is further supported by the greater proportion of 7&7
cows that did not have a CL present on day 0 compared with 7D
cows, and the greater proportion of 7D cows with multiple CLs
present on day 7 compared with 7&7 cows. Reduced circulating
concentrations of progesterone during ovulatory follicular
development have been associated with hastened follicular
development, increased estrogen production, and earlier onset of
estrus expression (Mercadante et al., 2015; Fontes et al., 2019; Dias
et al., 2021). Collectively, these findings suggest that the hormonal
environment induced by the 7&7 creates conditions that favor
enhanced follicular development and earlier expression of estrus.
Although differences in estrus expression have been reported
between synchronization protocols, no reports exist on estrus
expression between different GnRH compounds in either beef or
dairy females. In this study, no differences were determined between
GH and GDT for estrus expression, which supports the notion that
no differences in ovulation rate to the initial GnRH or differences in
synchrony of the subsequent follicular wave were present between
GnRH compounds.

Reports of PR/AI in beef females exposed to the 7&7 have varied
(Oosthuizen et al., 2020; Andersen et al., 2021; Pancini et al., 2022).
In beef heifers, PR/AI were increased by 7%pt in heifers treated with
the 7&7 when compared with control heifers (Oosthuizen et al.,
2020) and PR/AI tended to be 10%pt greater in 7&7 heifers when
compared with 7D heifers (Mercadante et al., 2021). In beef cows,
Andersen and colleagues reported an 11%pt increase in PR/AI
when cows were treated with the 7&7 when compared with those
treated with the 7D (Andersen et al, 2021), yet Pancini and
colleagues reported no differences in PR/AI between 7&7 and 7D
cows (Pancini et al,, 2022). In the present study, PR/AI were 7%pt
greater in 7&7 cows when compared with 7D cows, which is likely
the result of the increased expression of estrus, as females with
greater estrus expression are known to have greater PR/AI
(Richardson et al., 2016). This increase in PR/AI was observed
regardless of cow parity and corroborates a previous report
(Andersen et al,, 2021). Collectively, these results provide further
evidence of the benefit of using the 7&7 as a reproductive
management tool to improve fertility in beef females.

Research in dairy females supports a difference in ovulation rate
among GnRH compounds yet reports on differences in PR/AI are
inconsistent. Poock and colleagues reported no differences in PR/AI
in postpartum dairy cows treated with either GDT or GH during an
Ovsynch-based synchronization protocol (Poock et al., 2015),
whereas Luchterhand and colleagues reported PR/AI were
approximately 6%pt greater in GDT-treated cows compared with
those treated with GH (Luchterhand et al., 2019). To our
knowledge, only a single publication has investigated differences
in fertility in suckled beef cows receiving GH or GDT during
ovulation synchronization, wherein cows were administered either
GH or GDT 7 days prior to PG administration with or without a
norgestomet implant (Stevenson et al., 2000). No differences in
fertility were observed between GH and GDT, yet animal numbers
were limited. No large-scale reports on PR/AI among gonadorelin
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compounds in beef cattle have been published. In support of Poock
et al. (2015), but in contrast to Luchterhand et al. (2019), no
differences in PR/AI were determined between the GH- and
GDT-treated cows in the present study, which is corroborated by
the lack of differences in ovarian parameters or estrus expression
between GnRH compounds. Differences in results among studies
may be associated with intrinsic physiological differences between
high-producing dairy cows and suckled beef cows. Lactating dairy
cows have decreased circulating concentrations of progesterone
compared with beef cows due to a greater rate of hepatic
metabolism of progesterone (Sangsritavong et al., 2002). The
negative feedback of progesterone on the hypothalamus plays an
important role in modulating GnRH secretion, decreasing follicular
development and ovulatory response to exogenous GnRH (Bergfeld
et al., 1996; Dias et al., 2021; Pessoa et al., 2024). Moreover, the
present study used exogenous progesterone to increase systemic
concentrations of progesterone and modulate ovulatory follicle
development during the ovulation synchronization protocols
(Pessoa et al., 2024). Hence, intrinsic physiological differences
between beef and dairy cows, and differences in ovulation
synchronization protocols may have contributed to the
discrepancies observed among the studies. Alternatively, contrary
to our initial hypothesis, there could be no biological differences in
the effectiveness between GnRH compounds or the differences in
effectiveness may be minimal, limiting the ability of studies to
consistently detect statistical differences between treatments when
evaluating binary response variables.

In summary, no differences were determined in ovarian
parameters, estrus expression, or PR/AI between females treated
with GH or GDT when exposed to either synchronization with the
7D or presynchronization with the 7&7; however, estrus expression
and PR/AI were greater in presynchronized versus synchronized
cows. As a result, beef cattle producers have the flexibility to use
GnRH products comprised of either GH or GDT without affecting
their fertility outcomes in suckled beef cows. Although an
additional animal handling event and injection of PG are
required when making use of the 7&7 compared with the 7D, the
use of the 7&7 in beef cows could result in greater PR/AI than the
use of the 7D.
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