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ABSTRACT

The objective of this study was to compare circulat-
ing progesterone (P4) profiles and pregnancies per Al
(P/AI) in lactating dairy cows bred by timed artificial
insemination (TAI) following Ovsynch-56 after 2 dif-
ferent presynchronization protocols: Double-Ovsynch
(DO) or Presynch-Ovsynch (PS). Our main hypothesis
was that DO would increase fertility in primiparous
cows, but not in multiparous cows. Within each herd
(n = 3), lactating dairy cows (n = 1,687; 778 primipa-
rous, 909 multiparous) were randomly assigned to DO
[n = 837; GnRH-7d-PGF,,-3d-GnRH-7d-Ovsynch-56
(GnRH-7d-PGF,,-56h-GnRH-16hTAI)] or PS (n =
850; PGFy,-14d-PGF,,-12d-Ovsynch-56). In 1 herd,
concentrations of P4 were determined at the first GnRH
(GnRH1) of Ovsynch-56 and at d 11 after TAI (n =
739). In all herds, pregnancy was diagnosed by palpa-
tion per rectum at 39 d. In 1 herd, the incidence of late
embryo loss was determined at 74 d, and data were
available on P/AI at the subsequent second service.
Presynchronization with DO reduced the percentage of
animals with low P4 concentrations (<0.50 ng/mL) at
GnRH1 of Ovsynch-56 (5.4 vs. 25.3%, DO vs. PS). A
lesser percentage of both primiparous and multiparous
cows treated with DO had low P4 concentrations at
GnRH1 of Ovsynch-56 (3.3 vs. 19.7%, DO vs. PS pri-
miparous; and 8.8 vs. 31.9%, DO vs. PS multiparous).
Presynchronization with DO improved P/AI at the
first postpartum service (46.3 vs. 38.2%, DO vs. PS).
Statistically, a fertility improvement could be detected
for primiparous cows treated with DO (52.5 vs. 42.3%,
DO vs. PS, primiparous), but only a tendency could
be detected in multiparous cows (40.3 vs. 34.3%, DO
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vs. PS, multiparous), consistent with our original hy-
pothesis. Presynchronization treatment had no effect
on the incidence of late embryo loss after first service
(8.5 vs. 5.5%, DO vs. PS). A lower body condition
score increased the percentage of cows with low P4 at
GnRH1 of Ovsynch-56 and reduced fertility to the TAI
In addition, P4 concentration at d 11 after TAI was
reduced by DO. The method of presynchronization at
first service had no effect on P/AT at the subsequent
second service (34.7 vs. 36.5%, DO vs. PS). Thus,
presynchronization with DO induced cyclicity in most
anovular cows and improved fertility compared with
PS, suggesting that DO could be a useful reproductive
management protocol for synchronizing first service in
commercial dairy herds.

Key words: presynchronization, Ovsynch, dairy cow,
pregnancy rate

INTRODUCTION

Reproductive efficiency in lactating dairy cows is not
optimal, encouraging the development of several dif-
ferent reproductive management strategies focused on
improving the use of Al and pregnancy rates in dairy
herds (Thatcher et al., 2006). One of the most common
strategies is Ovsynch (Pursley et al., 1995), in which
GnRH and PGF,, are combined to synchronize the time
of ovulation, allowing timed AI (TAI). The Ovsynch-56
protocol specifically includes an injection of GnRH 7 d
before and 56 h after an injection of PGF,, (Brusveen
et al., 2008), resulting in ovulation 24 to 32 h after
GnRH (Pursley et al., 1995), with the highest fertility
(pregnancies per Al; P/AI) achieved when TAT is com-
pleted 16 h after the second GnRH treatment (Pursley
et al., 1998). It is interesting that when Ovsynch was
initiated on d 1 to 4 of the estrous cycle, ovulation
rates as low as 23% were observed because of the lower
ovulatory capacity of follicles early in the estrous cycle.
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Conversely, when Ovsynch was initiated on d 5 to 9 of
the estrous cycle, GnRH-induced ovulatory responses
were increased to 85 to 96% (Vasconcelos et al., 1999;
Bello et al., 2006). Greater ovulatory responses to the
first GanRH (GnRH1) of Ovsynch have been shown to
positively affect synchronization and P/AT in lactating
dairy cows (Vasconcelos et al., 1999; Galvao and San-
tos, 2010). Thus, presynchronization of ovarian func-
tion before Ovsynch could improve fertility to the TAI.

Based on this idea, protocols have been developed
to presynchronize cows before Ovsynch that tradition-
ally use 2 injections of PGF,, administered 14 d apart
with initiation of the TAI protocol 11 d (Galvao et
al., 2007), 12 d (Moreira et al., 2001), or 14 d (Nava-
nukraw et al., 2004) later. These protocols have been
termed Presynch-Ovsynch (PS) and have been found
to increase P/ATI compared with Ovsynch in cyclic cows
(Moreira et al., 2001) or in all cows (Navanukraw et
al., 2004; Galvao et al., 2007). Earlier studies that used
2 injections of PGF,, to presynchronize estrous cycles
recognized that this approach was not effective for an-
ovular cows (Moreira et al., 2001). Giimen et al. (2003)
reported that a high percentage of anovular cows ovu-
lated to GnRH1 of Ovsynch albeit dependent on the
stage of the follicular wave at the time of this GnRH
injection. However, anovular cows still had greatly re-
duced fertility to the TAI protocol. Thus, strategies
that induce production of a corpus luteum (CL) before
initiation of the Ovsynch protocol are likely to improve
fertility in anovular cows.

One strategy that has been reported to induce cyclic-
ity in anovular dairy cows is the use of an Ovsynch
protocol to presynchronize and induce cyclicity in cows
before the use of a breeding Ovsynch protocol, termed
Double-Ovsynch (DO; Souza et al., 2008; Wiltbank et
al., 2011b). A field study (Souza et al., 2008) comparing
the standard PGF,,-based PS with DO showed improved
P/AI in cows receiving the DO strategy. However, the
experiment was not large (n = 337), and unexpectedly,
improvements were limited to primiparous cows and
were not observed in multiparous cows. Although these
results suggested that DO could be a good alternative
for presynchronization of lactating dairy cows, further
trials using larger numbers of experimental units were
required to confirm these preliminary findings. Thus,
our primary hypothesis for this study was that DO
would improve fertility compared with the PS protocol
for first-service TAI, particularly in primiparous cows.
A second hypothesis was that DO would increase the
percentage of cows that were cycling at the initiation of
Ovsynch. In addition, the effect of presynchronization
strategy on circulating concentrations of P4 on d 11 af-
ter TAI, and fertility at the subsequent Al were tested.
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MATERIALS AND METHODS

Farms and Animals

This experiment was performed on 3 commercial
farms in south-central Wisconsin from March 2007 to
April 2010. Lactating dairy cows (n = 1,687; 778 pri-
miparous, 909 multiparous) were housed in free-stall
facilities bedded with sand and equipped with feedline
head lockup gates, and had ad libitum access to fresh
feed and water. Diets were typical for Wisconsin, using
corn silage as the major forage and balanced by a pro-
fessional nutritional consultant for protein, vitamins,
and minerals. A similar experimental protocol was used
on all 3 farms. Fertility evaluations were performed on
all 3 farms, and additional ultrasound evaluations of
the ovaries and measurement of circulating progester-
one (P4) were completed on 1 farm. On the farm with
physiological measurements, 739 lactating Holstein
cows (398 multiparous, 341 primiparous) were enrolled
in the study. All cows received bST (Posilac, 500 mg/
dose; Monsanto Co., St. Louis, MO) starting at 57 to
68 d postpartum and continuing every 11 d through-
out the study. Cows were milked 3 times daily and
fed a TMR twice daily that consisted of corn silage
and alfalfa silage as forage with a corn- and soybean
meal-based concentrate. The TMR was balanced to
meet or exceed minimum nutritional requirements for
dairy cows (NRC, 2001). Lists for scheduled injections
(completed by Al personnel) and pregnancy examina-
tion (completed by the herd veterinarian) for individual
cows were generated weekly using a commercial on-farm
software program (Dairy Comp 305; Valley Agricultural
Software, Tulare, CA). This program was also used to
track and record reproductive outcomes, individual
cow events, and milk production records for each cow
enrolled in the experiment. All animal procedures were
approved by the Animal Care Committee of the College
of Agriculture and Life Sciences, University of Wiscon-
sin, and were conducted while cows were restrained in
the feedline lockup gates.

Presynchronization Treatments and Al

Cohorts of cows on a weekly basis were randomly
assigned to 1 of 2 hormonal protocols to facilitate first
postpartum TAI, either PS or DO. Double-Ovsynch
uses an Ovsynch protocol for presynchronization, fol-
lowed by the Ovsynch-56 protocol 7 d later to facilitate
TAI (Brusveen et al., 2008). Presynch-Ovsynch uses 2
injections of PGF,, administered 14 d apart for pre-
synchronization, followed by the Ovsynch-56 protocol
12 d later to facilitate TAI. Animals were assigned
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to treatments based on animal identification number;
odd-numbered cows were assigned to PS, and even-
numbered cows were assigned to DO. As illustrated in
Figure 1, animals assigned to PS (n = 850) received 2
injections of PGF,, (35 mg of dinoprost tromethamine;
Vedco Inc., St. Joseph, MO) at 45 + 3 DIM and 59 + 3
DIM, and then began the Ovsynch-56 TAI protocol 12
d later. Animals detected in estrus between the second
PGF,, of PS and GnRH1 of Ovsynch-56 were not in-
seminated. As illustrated in Figure 1, animals assigned
to DO (n = 837) received GnRH (100 pg of gonadorelin
diacetate tetrahydrate; Vedco Inc.) at 54 + 3 DIM,
followed by an injection of PGF,, 7 d later and GnRH
72 h after PGF,,, and then began the Ovsynch-56 TAI
protocol 7 d later. All cows received the Ovsynch-56
TATI protocol: GnRH at 71 + 3 DIM, PGF,, 7 d later,
GnRH 56 h after PGF,,, and TAI 12 to 14 h later at 81
+ 3 DIM (Figure 1). On each farm, a single professional
AT technician performed all inseminations, with mul-
tiple sires equally balanced between the 2 experimental
treatments.

Transrectal Ultrasonography

On the farm with physiological measurements,
transrectal ultrasonography was performed using an
ultrasound scanner fitted with a 7.5-MHz linear-array
transducer (Easi-Scan portable; BCF Technology Ltd.,
Livingston, UK) at 92 + 3 DIM, coinciding with d 11
after TAI, to determine the presence or absence of a
CL. Corpora lutea were counted and recorded for each
ovary. The diameter of the visualized CL was estimated
by using an image of the apparent maximal diameter
of the structure, using on-screen background gridlines
of 10-mm squares. Luteal volume was calculated as V
=4/3 x 7 x r*, where the radius (r) was calculated as
0.5 x CL diameter. For CL with a fluid-filled cavity,
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the volume of the cavity was calculated and subtracted
from the total CL volume. Transrectal ultrasonography
was not performed on animals enrolled in wk 1 of the
experiment (n = 35). Thus, on the farm with physiolog-
ical measurements, of the 739 animals enrolled in the
study, 688 animals underwent transrectal ultrasound
examination on d 11 after TAL

Pregnancy Diagnhosis

After the first postpartum TAI, pregnancy was diag-
nosed on each of the 3 farms by palpation per rectum
of the uterus at 39 d. On the farm with physiological
measurements, pregnant cows were reexamined by pal-
pation per rectum at 74 d after TAI. One week before
pregnancy diagnosis (d 32), all cows were administered
GnRH and were enrolled in the Ovsynch-56 TAI proto-
col for resynchronization and reinsemination (d 32 Re-
synch; Silva et al., 2009). On the day of nonpregnancy
diagnosis, cows that had not been reinseminated were
administered PGF,, and completed the d 32 Resynch
protocol. Cows reinseminated before being examined
for pregnancy diagnosis were considered not pregnant
to the previous TAIL

Blood Collection and P4 RIA

On the farm with physiological measurements, blood
samples for serum P4 analysis were collected via punc-
ture of the median caudal vein or artery into evacuated
tubes (Vacutainer; Becton Dickinson, Franklin Lakes,
NJ) at 71 + 3 DIM and 92 + 3 DIM coinciding with
GnRH1 of Ovsynch-56 and d 11 after TAI, respectively,
to determine P4 concentrations at these times. Blood
samples were transported to the laboratory and cen-
trifuged at 3,000 x ¢ for 20 min at 4°C. Serum was
harvested and decanted into 1.5-mL micro tubes, sealed

Figure 1. Schematic diagram of hormonal treatments in lactating dairy cows (mean + range of DIM). Animals assigned to Presynch-
Ovsynch received 2 injections of PGF,, at 45 + 3 DIM and 59 4+ 3 DIM and then began the Ovsynch-56 timed AI (TAI) protocol 12 d later.
Animals assigned to Double-Ovsynch received GnRH at 54 + 3 DIM, followed by an injection of PGF,, 7 d later, GnRH 72 h after PGF,,, and
then began the Ovsynch-56 TAI protocol 7 d later. All cows received the Ovsynch-56 TAI protocol: GnRH at 71 + 3 DIM, PGF,, 7 d later,

GnRH 56 h after PGF,,, and TAI 12 to 14 h later at 81 + 3 DIM.
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with an airtight cap, and stored at —20°C until later
analysis. Concentrations of P4 in serum were deter-
mined by using a commercially available solid-phase
RIA (Coat-A-Count Progesterone; Diagnostic Products
Corporation, Los Angeles, CA). The mean inter- and
intraassay CV were 2.43 and 4.12%, respectively, us-
ing a quality control sample with 2.50 ng/mL of P4.
On the farm with physiological measurements, all 739
animals enrolled in the study had serum P4 determined
at GnRH1 of Ovsynch-56, and 728 animals had serum
P4 determined on d 11 after TAI. The frequency dis-
tribution of cows according to circulating P4 concen-
trations at GnRH1 of Ovsynch-56 and d 11 after TAI
was determined using increments of 0.50 ng/mL. To
examine P /AT at first postpartum service for cows with
low, medium, and high P4 concentrations at GnRH1
of Ovsynch-56, cows were classified according to P4 at
71 + 3 DIM as follows: low (<0.50 ng/mL), medium
(>0.50 to <3.00 ng/mL), and high (>3.00 ng/mL). To
examine P/AT at first postpartum service for cows with
low, medium, and high P4 concentrations on d 11 after
TAI, cows were classified according to P4 at 92 + 3
DIM as follows: low (<2.00 ng/mL), mediuml (>2.00
to <3.50 ng/mL), medium?2 (>3.50 to <5.00 ng/mL),
and high (>5.00 ng/mL).

BCS

Cows were evaluated for BCS at 92 + 3 DIM, co-
inciding with d 11 after TAI on a 1 to 5 scale (1 =
emaciated and 5 = extremely fat) in increments of
0.25, as outlined by Edmonson et al. (1989). Cows were
classified according to BCS at 92 + 3 DIM as <2.50
(low) or >2.50 (high). On the farm with physiologi-
cal measurements, BCS was not recorded for animals
enrolled in wk 1 and 2 (n = 74), and 9 animals missed
BCS evaluation on d 11 after TAIL. Thus, on the farm
with physiological measurements, of the 739 animals
enrolled in the study, 656 animals had BCS evaluated
on d 11 after TAIL

Compliance with the Protocol

On the farm with physiological measurements, cows
that died or were culled during the study (n = 16), and
cows that were bred before (n = 13) or after (n = 2) the
scheduled TAI date were removed from the data set.
Thus, after data edits, the final data set on the farm
with physiological measurements included 739 cows;
the numbers of animals reported per treatment were
as follows: PS (n = 373) and DO (n = 366). On the
other 2 farms, cows that died or were culled during the
study (n = 90), and cows that missed injections or cows
that were not bred according to the TAI protocol (n =
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146) were removed from the data set. Thus, after data
edits, the final data included 1,687 cows; the numbers
of animals reported per treatment were as follows: PS
(n = 850) and DO (n = 837).

Statistical Analysis

All statistical analyses were completed using SAS
software (SAS Institute, 2006). Variables with a bino-
mial distribution, such as P/AT at first and second Al
and embryonic loss, were analyzed by logistic regression
using the GLIMMIX procedure, with cow included as a
random effect. The adjusted P/AI values provided by
SAS are given throughout the text. Because DO was
expected to increase P/AI compared with PS (Souza
et al., 2008; Wiltbank et al., 2011b), a one-tailed
comparison was used throughout the experiment for
this comparison. The unadjusted values and actual ex-
perimental units (number pregnant divided by number
inseminated) are also provided in each of the tables.

Continuous variables were also analyzed using the
GLIMMIX procedure. An appropriate distribution was
specified for each response variable in the model. The
models included the fixed effects of treatment (DO or
PS), parity (class = 1, >2), BCS [class = low (<2.50)
or high (>2.50)], week/replicate (class), farm (class),
and average daily milk production from 7 d before Al
(continuous). Biologically plausible interactions were
tested for significance in the model for each depen-
dent variable. Final models were chosen based on the
least Akaike’s information criterion. Because previous
research had demonstrated that DO was more effec-
tive in primiparous than multiparous cows (Souza et
al., 2008), preplanned contrasts were used to compare
treatment effects within parity. Differences between
least squares means were compared using the Tukey
option to adjust for multiple comparisons. Differences
between treatments were declared significant when P <
0.05, and a tendency toward significance was assumed
when 0.05 < P < 0.10. The proportion of cows in each
P4 classification group was analyzed using the events/
trials function of the LOGISTIC procedure. The de-
termination that physiological measurements would
be performed on only a subset of cows was based on
the idea that the P4 concentrations would be primar-
ily used to evaluate the second hypothesis that DO
would increase the percentage of cows that were cycling
at the start of the protocol. A 20% anovular to 10%
anovular value could be detected at o = 0.05, with
98% power when using 350 cows per treatment group.
Other comparisons of P4 values to fertility analyses
were not our primary hypotheses and were not sub-
jected to power calculations. The distribution of cows
by presynchronization treatment into the low, medium,
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and high P4 classes at GnRH1 of Ovsynch-56 and d
11 after TAI were compared using Fisher’s exact test.
The relationship between the predicted probability
of pregnancy and concentrations of P4 on d 11 after
TAI was determined using logistic regression with the
LOGISTIC procedure. The OUTPUT statement was
used to obtain values for the predicted probability. The
model used contained the effect of treatment and the
linear effect of P4 concentration on d 11, modeled as a
continuous effect, as well as their interaction. Animals
with <2.00 ng/mL P4 on d 11 after TAI (n = 95) were
removed from this analysis, and animals with >8.00
ng/mL P4 (n = 13) were coded as P4 = 7.99 ng/mL.

RESULTS

Treatment, Parity, and BCS Effects on Fertility
at First Postpartum Service

Presynchronization with DO increased P/AI (1.21-
fold) compared with PS (46.3 vs. 38.2%, P = 0.01, DO
vs. PS, respectively). Parity (Table 1) affected (P <
0.001) P/AT at first postpartum service, with primipa-
rous cows having greater P/AI (47.3%) than multipa-
rous cows (37.3%). Primiparous cows treated with DO
had greater (1.24-fold) P/AI than did those treated
with PS (52.5 vs. 42.3%, P = 0.02, DO primiparous
vs. PS primiparous). Multiparous cows tended to have
greater (1.17-fold) P/AI with DO than with PS (40.3
vs. 34.3%, P = 0.07, DO multiparous vs. PS multipa-
rous; Table 1).

Greater BCS improved P/AI (46.6 vs. 37.9%, P =
0.004, high BCS vs. low BCS), with BCS tending to
have an effect in PS cows (43.5 vs. 33.3%, P = 0.08, PS
high BCS vs. PS low BCS), but not in DO cows (49.8
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vs. 42.9%, P = 0.3, DO high BCS vs. DO low BCS).
The P/AI was greater for DO than for PS in both
high- and low-BCS cows (49.8 vs. 43.5%, P = 0.05, DO
high vs. PS high and 42.9 vs. 33.3%, P = 0.04, DO low
vs. PS low).

Late embryonic loss (d 39 to 74 after AI) was not
altered by method of presynchronization (8.5 vs. 5.5%,
P = 0.3, DO vs. PS) or BCS (6.0 vs. 7.9%, P = 0.6,
high vs. low). However, late embryo loss was less for

primiparous than multiparous cows (3.5 vs. 13.0%, P
= 0.006).

Circulating P4 at GnRH1 of Ovsynch-56

Mean P4 concentrations at GnRH1 of Ovsynch-56
were not affected by presynchronization treatment (2.65
vs. 2.49 ng/mL, P = 0.2, DO vs. PS) or parity (2.90 vs.
2.24 ng/mL, P = 0.17; primiparous vs. multiparous).
Greater BCS increased P4 concentrations at GnRH1
of Ovsynch-56 (2.87 vs. 2.27 ng/mL, P < 0.001, high
vs. low). A tendency for greater P4 concentrations at
GnRH1 was observed for multiparous cows treated with
DO than those treated with PS (2.40 vs. 2.07 ng/mL, P
= 0.07, DO multiparous vs. PS multiparous), with no
increase observed for primiparous animals (2.91 vs. 2.90
ng/mL, P = 0.9; DO primiparous vs. PS primiparous).
A significant treatment x BCS interaction (P = 0.04)
was observed for P4 concentrations at GnRH1. Low-
BCS animals had greater P4 concentrations at GnRH1
when treated with DO than with PS (2.50 vs. 2.04 ng/
mL, P = 0.04, DO low vs. PS low), with no difference
observed for high-BCS cows (2.81 vs. 2.93 ng/mL, P
= 0.5, DO high vs. PS high). Milk production within
lactation number had no effect (P = 0.8) on P4 at
GnRH1.

Table 1. Effect of parity on pregnancies per Al in lactating dairy cows following presynchronization with

Double-Ovsynch or Presynch-Ovsynch'

Primiparous Multiparous
Ttem Unadjusted Adjusted Unadjusted Adjusted P-value*
Double-Ovsynch (%) 52.9 52.5 39.5 40.3 0.006
(207/391) (176/446)
Presynch-Ovsynch (%) 47.5 42.3 35.6 34.3 0.13
(184/387) (165/463)
P-valuet 0.02 0.07 —
Overall (%) 50.2 47.3 37.5 37.3 <0.001
(391/778) (341/909)

'Animals assigned to Presynch-Ovsynch received 2 injections of PGF,, at 45 4+ 3 DIM and 59 4+ 3 DIM and
then began the Ovsynch-56 timed AI (TAI) protocol 12 d later. Animals assigned to Double-Ovsynch received
GnRH at 54 + 3 DIM, followed by an injection of PGF,, 7 d later, GnRH 72 h after PGF,,, and then began
the Ovsynch-56 TAI protocol 7 d later. All cows received the Ovsynch-56 TAI protocol: GnRH at 71 4+ 3 DIM,
PGF,, 7 d later, GnRH 56 h after PGF,,, and TAI 12 to 14 h later at 81 + 3 DIM.

* P-values for comparison of primiparous versus multiparous.

1 P-values for comparison of Double-Ovsynch versus Presynch-Ovsynch.
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Figure 2. Distribution of cows according to circulating progesterone concentrations at the first GnRH of the Ovsynch-56 timed AI protocol

for Double-Ovsynch (open bars) and Presynch-Ovsynch (solid bars).

The distribution of cows by circulating P4 concen-
trations at GnRH1 of Ovsynch-56 for the 2 treatment
groups is illustrated in Figure 2. Presynchronization
with DO reduced the percentage of animals with low
P4 concentrations at GnRH1 of Ovsynch-56 (6.3 vs.
24.7%, P < 0.001, DO vs. PS). In addition, presynchro-
nization with DO increased (all P < 0.05) the percent-
age of cows in the following P4 level groups (1.00 to
1.49 ng/mL, 1.50 to 1.99 ng/mL, and 2.00 to 2.49 ng/
mL) at the onset of Ovsynch-56 (42.1 vs. 18.2%, DO
vs. PS).

A greater percentage of multiparous than primipa-
rous cows had low P4 concentrations at GnRH1 (8.3 vs.
17.5%, P = 0.004; primiparous vs. multiparous). Mean
BCS differed (P < 0.001) by parity (2.89 vs. 2.75, pri-
miparous vs. multiparous). Further, a lesser percentage
of both primiparous and multiparous cows had low P4
concentrations at GnRH1 when treated with DO than
with PS (3.3 vs. 19.7%, P < 0.001; DO primiparous vs.
PS primiparous; 8.8 vs. 31.9%, P < 0.001; DO multipa-
rous vs. PS multiparous).

A greater BCS reduced the percentage of cows with
low P4 concentrations at GnRH1 (8.2 vs. 17.9%, P <
0.001, high vs. low). Both high- and low-BCS cows
had a lesser percentage of cows with low P4 at GnRH1
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when treated with DO than with PS (3.6 vs. 17.5%, P
< 0.001, DO high vs. PS high and 8.0 vs. 35.2%, P <
0.001, DO low vs. PS low, respectively).

An effect of presynchronization treatment (P <
0.001) was observed on the distribution of cows in the
low (<0.50 ng/mL), medium (>0.50 to <3.00 ng/mL),
and high (>3.00 ng/mL) P4 categories at GnRH1 (6.3
vs. 24.7%, DO low vs. PS low; 61.5 vs. 32.2%, DO
medium vs. PS medium; 32.2 vs. 43.2%, DO high vs.
PS high, respectively). Greater P4 concentrations at
GnRH1 increased (P = 0.03) P/AI (32.0, 45.9, and
46.2%, low, medium, and high, respectively; Table 2),
with no treatment effects on P/AI for cows with low
and medium P4 at GnRH1 but a tendency toward a
difference for cows with high P4 at GnRH1 (Table 2).

Distribution and Fertility of Cows with Low, Medium,
and High P4 on d 11 After TAI

Initial analyses were performed using 0.50 ng/mL
as the cutoff for low P4 concentrations. However, it
became clear that few cows were in this category on d
11 after Ovsynch-56 (n = 46), and almost no cows with
circulating P4 below 2.00 ng/mL on d 11 after TAI
were found to be pregnant (5.8%). Therefore, a value
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Table 2. Pregnancies per Al for cows with low, medium, and high
progesterone (P4) concentrations at the first GnRH of the Ovsynch-56
timed AT protocol following presynchronization with Double-Ovsynch
or Presynch-Ovsynch'?

Ttem Low P4 Medium P4 High P4
Double-Ovsynch (%) 25.0° 45.5% 51.7°
(6/23) (102/225) (61/118)
Presynch-Ovsynch (%) 33.3" 46.6" 42.1*
(31/92) (56/120) (68/161)
P-valuef 0.3 0.4 0.06
Overall (%)* 32.0° 45.9" 46.2"
(37/115) (158/345) (129/279)

*"Means within a row with different superscripts differ (P < 0.05).
"Unadjusted and adjusted means were identical.

“Low P4: <0.50 ng/mL; medium P4: >0.50 to <3.00 ng/mL; high P4:
>3.00 ng/mL.

fP-values for comparison of Double-Ovsynch versus Presynch-
Ovsynch.

*P-value for comparison of low versus medium versus high P4 (P =
0.06).

of 2.00 ng/mL at d 11 was used as the cutoff for low
circulating P4. Other cutoff values (3.50 and 5.00 ng/
mL) were chosen to provide relatively high numbers of
cows in each P4 group. The logistic regression of P4
(>2.00 ng/mL) on d 11 found effects of treatment (P =
0.09), P4 (P = 0.04), and a treatment x P4 interaction
(P = 0.04) such that P/AI increased as P4 increased
in cows treated with DO (linear increase from 39% at
2.00 ng/mL to 70% at 8.00 ng/mL) but P/ATI did not
change with increasing P4 in cows treated with PS (no
significant linear trend with 48% for all P4 concentra-
tions above 2.00 ng/mL).

Presynchronization with DO decreased P4 concentra-
tions on d 11 after TAI (3.72 vs. 4.01 ng/mL, P =
0.03, DO vs. PS). Milk production reduced (P = 0.004)
P4 concentrations on d 11 after TAI. Primiparous ani-
mals had greater P4 concentrations on d 11 after TAI
compared with multiparous animals (4.41 vs. 3.31 ng/
mL, P < 0.001, primiparous vs. multiparous). Further,
multiparous cows treated with DO had lower P4 on d
11 after TAI compared with multiparous cows treated
with PS (3.13 vs. 3.49 ng/mL, P = 0.04, DO multipa-
rous vs. PS multiparous), with no decrease observed for
primiparous animals (4.31 vs. 4.50 ng/mL, P = 0.3, DO
primiparous vs. PS primiparous).

Greater BCS increased P4 concentrations on d 11
after TAT (4.09 vs. 3.64 ng/mL, P < 0.001, high vs.
low). A tendency toward a significant treatment x BCS
interaction (P = 0.09) was observed for P4 concentra-
tions on d 11 after TAI. High-BCS cows treated with
DO had lesser P4 concentrations on d 11 after TAI
compared with high-BCS cows treated with PS (3.84
vs. 4.34 ng/mL, P = 0.002, DO high vs. PS high), with
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no decrease observed for low-BCS animals (3.61 vs.
3.67 ng/mL, P = 0.8, DO low vs. PS low, respectively).

Cows with low P4 at GnRH1 had lesser (P < 0.001)
P4 concentrations on d 11 after TAI compared with
cows with high P4 at GnRH1 (3.38 vs. 4.35 ng/mL).
Cows with double ovulations (n = 96) had greater (P
< 0.001) P4 concentrations on d 11 after TAI compared
with cows with single ovulations (4.54 vs. 3.19 ng/mL).

A significant difference (P = 0.02) was observed in
the distribution of cows by presynchronization treat-
ment in the low (<2.00 ng/mL), mediuml (>2.00 to
<3.50 ng/mL), medium2 (>3.50 to <5.00 ng/mL), and
high (>5.00 ng/mL) P4 categories on d 11 after TAI
(11.4 vs. 14.7%, DO low vs. PS low; 36.3 vs. 27.0%,
DO mediuml vs. PS mediuml; 33.2 vs. 33.0%, DO
medium?2 vs. PS medium2; 19.1 vs. 25.3%, DO high vs.
PS high). Greater P4 concentrations on d 11 after TAI
improved (P < 0.001) P/AT at first postpartum service
(5.8, 46.0, 50.0, and 52.2% for low, medium1, medium2,
and high, respectively; Table 3). This increase in P/
ATl with increasing P4 on d 11 was observed in cows
treated with either DO (P < 0.001) or PS (P = 0.04).
Because the lowest P4 category produced such low P/
AT results, we suspected that this category was domi-
nating the P4-P /AT relationship. Therefore, we carried
out an analysis of P4 concentration as a continuous
variable compared with the predicted probability of
pregnancy without the lowest P4 category. A tendency
was observed for a presynchronization treatment effect
(P = 0.09), with a significant effect of P4 (P = 0.03)
and a presynchronization treatment x P4 interaction
(P = 0.04). The interaction was due to increasing P/AI
with increasing P4 in cows treated with DO but not in
cows treated with PS (Figure 3).

Mean luteal volume differed (P < 0.001) for cows
with differing P4 on d 11 (7,116, 14,482, 16,504, and
17,003 mm?® for low, mediuml, medium?2, and high,
respectively). No effect was observed for presynchroni-
zation treatment (15,928 vs. 15,958 mm®, P = 0.9, DO
vs. PS) or BCS (16,145 vs. 15,741 mm®, P = 0.6, high
vs. low) on CL volume on d 11 after TAI. Parity had
a significant effect on CL volume on d 11 (16,607 vs.
15,278 mm®, P = 0.03, primiparous vs. multiparous).
The percentage of cows with a CL present on d 11
was high and was not altered by the presynchroniza-
tion treatment (97.2 vs. 97.5, P = 0.7, DO vs. PS) or
BCS (97.3 vs. 97.5, P = 0.8, high vs. low). However,
a greater percentage of primiparous than multiparous
cows had a CL present on d 11 (98.7 vs. 94.7, P =
0.003, primiparous vs. multiparous, respectively) and a
greater (P < 0.001) percentage of cows with low versus
high P4 at GnRH1 did not have a CL present on d

Journal of Dairy Science Vol. 95 No. 12, 2012



7010

HERLIHY ET AL.

Table 3. Pregnancies per Al for cows with low, medium, and high progesterone (P4) concentrations on d 11
after timed AI following presynchronization with Double-Ovsynch or Presynch-Ovsynch'?

Ttem Low P4 Mediuml P4 Medium2 P4 High P4
Double-Ovsynch (%) 8.6" 43.4° 52.5% 59.4°
(4/41) (57/131) (63/120) (41/69)
Presynch-Ovsynch (%) 3.9° 49.5" 47.5° 46.7°
(2/54) (49/99) (57/121) (43/93)
P-valuef 0.2 0.2 0.2 0.06
Overall (%)* 5.8" 46.0° 50.07 52.2"
(6/95) (106,/230) (121/241) (85/162)

*“Means within a row with different superscripts differ (P < 0.05).

"Unadjusted and adjusted means were identical.

“Low P4: <2.00 ng/mL; mediuml P4: >2.00 to <3.50 ng/mL; medium2 P4: >3.50 to <5.00 ng/mL; high P4:

>5.00 ng/mL.

{P-values for comparison of Double-Ovsynch versus Presynch-Ovsynch.

*P-value for comparison of low versus mediuml versus medium2 versus high P4 (P < 0.001).

11 (86.5 vs. 98.1%). Further, cows with double ovula-
tions had greater (P < 0.001) CL volume on d 11 than
cows with single ovulations (17,617 vs. 14,268 mm3)7
although presynchronization treatment (13.7 vs. 16.4%,
P = 0.4, DO vs. PS) or BCS (17.5 vs. 12.8%, P = 0.13,
high vs. low) had no effect on the incidence of double
ovulation. As expected, primiparous cows had fewer
double ovulations than did multiparous cows (11.4 vs.
19.4%, P = 0.02; primiparous vs. multiparous).

P/Al at Second Postpartum Service

The P /AT at second postpartum Al were not affected
by presynchronization treatment at first service (34.7
vs. 36.5%, P = 0.7, DO vs. PS), parity (39.9 vs. 31.5%,
P = 0.14, primiparous vs. multiparous), or BCS (34.1
vs. 37.2%, P = 0.6, high vs. low). The interaction be-
tween presynchronization treatment and parity on P/
AT at second service was not significant (P = 0.9), and

Figure 3. Logistic regression of progesterone (P4) concentration (>2.00 ng/mL) on d 11 after timed AI (TAI) versus P/AI in cows treated

with either Double-Ovsynch or Presynch-Ovsynch.
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preplanned contrasts used to compare treatment effects
within parity revealed no differences in P/ATI at second
AT (38.3 vs. 41.5%, P = 0.8, DO primiparous vs. PS
primiparous, and 31.0 vs. 32.0%, P = 0.9, DO multipa-
rous vs. PS multiparous, respectively). In addition, no
interaction was observed between presynchronization
treatment and BCS on P/AI at second service (P =
0.9).

DISCUSSION

The primary hypothesis for this research was that
improved P/AI following Ovsynch-56 can be achieved
at the first service of first-parity cows through the use
of Ovsynch for presynchronization (i.e., DO) compared
with PS. The PS program had previously been shown
to increase fertility compared with Ovsynch alone (Na-
vanukraw et al., 2004; Galvao et al., 2007). In contrast,
Ovsynch alone did not improve fertility compared
with AT after estrus (Pursley et al., 1997; Rabiee et
al., 2005). In the present study, P/AI was further in-
creased 1.21-fold (+8.1%; P = 0.01) for cows presyn-
chronized with DO compared with PS. All aspects of
the breeding Ovsynch program and TAI were identical
for the 2 groups. Primiparous cows treated with DO
had the greatest improvement in P/AI, with a 1.24-fold
increase. Although the increase in P/AI with DO in
multiparous cows was not significant (P = 0.07), the
trend was similar and the fold increase (1.17-fold) was
not greatly diminished for multiparous cows. Primipa-
rous cows treated with DO had a 12.2% greater P/Al
than did multiparous cows treated with DO, whereas
primiparous cows treated with PS exhibited a numeri-
cally (8%), but not significantly, (P = 0.13) greater P/
Al than did multiparous cows treated with PS. These
observations support the findings of Souza et al. (2008),
who reported increased P/AI for DO compared with
PS (49.7 vs. 41.7%), with substantial improvements
observed in primiparous cows (62.5 vs. 45.2%, DO pri-
miparous vs. PS primiparous) but no improvements for
multiparous cows (37.5 vs. 39.3%, DO multiparous vs.
PS multiparous). The number of cows in the present
experiment (>1,600) on 3 different commercial farms
provides further evidence that the DO protocol can im-
prove fertility at first postpartum service, particularly
in primiparous cows. On one of the farms, a limited
number of physiological measurements were acquired
on almost all cows that received the protocol in an at-
tempt to understand the underlying reasons for any im-
provements in fertility. The P4 measurement at GnRH1
of Ovsynch-56 provided support for our hypothesis that
DO improved fertility by inducing cyclicity in anovular
cows. In addition, the P4 measurement at GnRH1 and
11 d after TAI provided evidence for new hypotheses
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that can be tested in future experiments, as discussed
below.

It is interesting that no difference was observed
in mean P4 concentrations between PS and DO at
GnRH,1 and only when the distribution of P4 values
was evaluated could the major effects of DO be iden-
tified. Clearly, treatment with an Ovsynch protocol
before beginning Ovsynch-56 (i.e., DO protocol) dra-
matically reduced the percentage of cows with low P4
at GnRH1 compared with the PS protocol, with almost
a b-fold difference (25.3 vs. 5.4%) between these groups
in the incidence of anovulation at GnRH1. The finding
that approximately 25% of lactating dairy cows were
anovular was consistent with numerous other studies
(Moreira et al., 2001; Giimen et al., 2003; Walsh et al.,
2007) and with a recent study examining the preva-
lence of anovulation from 13 previous large studies in
commercial dairy herds in the United States (Bamber
et al., 2009). However, this was at the upper range of
what was observed in a series of studies reviewed by
Crowe (2008). Moreira et al. (2001) previously reported
improved P/AI for cyclic animals with the PS strategy,
probably because of most cows being on d 5 to 11 of the
estrous cycle at the initiation of Ovsynch (Vasconcelos
et al., 1999). It seems clear that DO not only reduced
the percentage of cows with low P4 but also increased
the percentage of cows with intermediate P4 (1.00 to
3.00 ng/mL). The reason for the lack of difference in
mean P4 concentrations was that PS had proportion-
ally more cows with very low or greater P4 (>3.00 ng/
mL), whereas DO had more cows with intermediate
concentrations of P4. One puzzling aspect of the data
was that a greater proportion of multiparous cows were
anovular at GnRH1 of Ovsynch-56 compared with
primiparous cows. This contrasts with previous studies
that generally have reported a greater prevalence of
anovulation in primiparous cows compared with mul-
tiparous cows (Moreira et al., 2001; Giimen et al., 2003;
Silva et al., 2007). For example, the multistudy analysis
reported by Bamber et al. (2009) indicated 29.6% an-
ovulation in primiparous cows and 19.1% anovulation
in multiparous cows. The reason for the high incidence
of anovulation in multiparous cows in our study was
not clear. Nevertheless, the dramatic decrease in an-
ovulation induced by DO (P < 0.001) in either pri-
miparous or multiparous cow indicates that DO was
effective at inducing cyclicity regardless of parity and
was unlikely to provide an adequate explanation for
any parity differences observed with DO. Other studies
have also observed reduced fertility in multiparous cows
compared with primiparous cows using various proto-
cols (Moreira et al., 2001; Giimen et al., 2003; Silva
et al., 2007), and these differences have not yet been
adequately explained. It is interesting that in the pres-
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ent study, mean BCS on d 11 after TAI was greater for
primiparous cows than multiparous cows (2.88 vs. 2.75,
primiparous vs. multiparous, respectively). This may
partially explain the greater incidence of anovulation at
GnRHI in multiparous cows. Body condition score can
be used as an indirect measure of energy balance and
is an indicator of the nutritional status of an animal
(Butler, 2000, 2003; Roche et al., 2009). Other studies
have shown effects similar to those we observed, with
lower BCS reducing fertility to TAI protocols (Moreira
et al., 2000; Santos et al., 2009; Galvao and Santos,
2010).

Although not evaluated in the present study, another
potential underlying reason for the improved fertility
observed with DO could be the greater proportion of
cows with elevated P4 concentrations at the time of
PGF,, treatment during DO, as reported previously
(Souza et al., 2008; Wiltbank et al., 2011a). Greater P4
concentrations during growth of the dominant follicle
in a DO protocol resulted in smaller ovulatory follicle
size (Brusveen et al., 2009; Wiltbank et al., 2011a) and
a greater percentage of grade 1 embryos recovered on d
7 to 8 after AT (Wiltbank et al., 2011a). Consequently,
the improved fertility observed for animals treated
with DO may be related to a more favorable hormonal
milieu, in particular, improvements in circulating P4,
during growth and development of the ovulatory fol-
licle. For animals treated with DO, greater circulating
concentrations of P4 during early growth of the ovula-
tory follicle may have decreased LH pulsatility, pos-
sibly improving competency of the dominant follicle,
the quality of the ovulated oocyte, or both (Mihm et
al., 1994; Revah and Butler, 1996) and the quality of
the resultant embryo (Wiltbank et al., 2011a). Other
recent studies have also suggested that greater circulat-
ing concentrations of P4 at the time of PGF,, can im-
prove fertility (Bello et al., 2006; Martins et al., 2011).
Although not evaluated in the present study, it is pos-
sible that differences in luteolytic responses to PGF,,
may partially account for the improvements in fertility
outcomes observed for primiparous cows treated with
DO when compared with multiparous cows. Martins et
al. (2011) recently reported greater rates of luteolysis
for primiparous cows compared with multiparous cows
treated with Ovsynch-56. Previous studies have shown
that incomplete luteal regression resulting in elevated
P4 concentrations of >0.50 ng/mL (Souza et al., 2007)
or >0.40 ng/mL (Brusveen et al., 2009) near TAI re-
duced P/ATI by more than 50% in animals treated with
Ovsynch. Thus, inadequate circulating P4 in multipa-
rous cows, coupled with potentially lower rates of luteal
regression in multiparous cows may partially explain
the reduced effectiveness of DO in multiparous cows.
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In the present study, we also evaluated circulating
P4 concentrations and luteal size at d 11 after TAI a
time that has not been adequately studied in previous
trials. Our hypothesis was that use of DO would reduce
the incidence of short cycles, because of induction of
cyclicity, and thereby improve fertility. Consistent with
this idea, cows with low P4 at GnRH1 of Ovsynch-56
had an increased incidence of low P4 at d 11 after TAI
Nevertheless, no treatment differences in the incidence
of low P4 at d 11 after TAI were observed when using
either <0.50 or <2.00 ng/mL as the threshold value
for low P4. It was clearly observed that cows with low
P4 at d 11 after TAI had substantially reduced fertility
to the TAI, regardless of presynchronization treatment.
This was logical because low P4 on d 11 (<2.00 ng/
mL) would indicate either a lack of synchronization to
the protocol or an early luteal regression. Only 13% of
cows fell into this group, with no differences between
DO and PS. Overall, cows on DO had lower mean P4
concentrations on d 11 after TAI than did cows on PS.
It seems logical that the lower circulating P4 would
have resulted from ovulation of a smaller follicle after
DO, although we did not make this measurement in the
present study. Contrary to this idea, the luteal volume
on d 11 was not altered by presynchronization method.
A particularly interesting observation that will need to
be confirmed in future studies is that cows treated with
DO had increased fertility with increasing P4 (cows
with P4 >2.00 ng/mL only). This trend was not seen
for PS cows. This seems to indicate that cows presyn-
chronized with DO are primarily limited by inadequate
P4 after ovulation, perhaps because of the size or
granulosa cell content of the ovulatory follicle. Other
factors may be more limiting in cows presynchronized
with PS. Clearly, DO altered the distribution of cows
by P4 concentrations on d 11, and this may offer a clue
to improving this protocol. Obviously, this hypothesis
should be viewed as speculative at this time because it
was discovered only by post hoc analysis of our fertility
data, and adequate testing will require future experi-
mentation.

Other interesting observations that were not part
of our primary hypotheses related to double ovula-
tion and P/AI at second service. Increases in double
ovulation have been observed with increasing milk
production (Fricke and Wiltbank, 1999; Lopez et al.,
2005a), increasing parities (Fricke and Wiltbank, 1999),
and reduced P4 during follicle growth (Lopez et al.,
2005b). Although no treatment differences in double
ovulation rate were detected in the present study, a
lesser incidence of double ovulation on d 11 after TAI
was observed for primiparous animals compared with
multiparous animals, in agreement with the findings of
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Fricke and Wiltbank (1999). The findings of the present
study also suggest that cows with low P4 concentra-
tions at GnRH1 of Ovsynch-56 had a greater incidence
of double ovulation on d 11 after TAI. Lopez et al.
(2005b) suggested that selection of multiple dominant
follicles in lactating dairy cows appears to be related to
transient increases in circulating FSH during the 24 h
before deviation, possibly because of increased GnRH,
as a result of lesser circulating P4 concentrations. Fi-
nally, we planned in advance to evaluate the fertility at
second Al because of the presynchronization protocol
at first service, owing to speculation in the industry
that the high fertility of DO at first Al may reduce
the fertility at second AI. We observed no effect of DO
compared with PS for first AT on P/AI at the subse-
quent second service.

CONCLUSIONS

The present study demonstrated that DO increased
fertility in lactating dairy cows compared with the
PS protocol. The primary effect was observed in pri-
miparous cows, with only a tendency for improvement
observed in multiparous cows. Treatment with DO dra-
matically reduced the proportion of cows in anovula-
tory anestrus at the start of the Ovsynch protocol, and
this may underlie part of the improvement in fertility.
The greater uniformity of intermediate P4 concentra-
tions at the start of Ovsynch may also be a factor in the
fertility improvement with DO. In addition, a detect-
able change in distribution of P4 was observed on d 11
after TAI in cows treated with DO compared with PS.
The physiological and practical implications of these
changes in P4 remain to be elucidated.
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