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The objective of this review is to integrate strategies to optimize an
ovulatory control program which then serves as a platform to improve
the reproductive performance of lactating dairy cows. Programmed
management of follicle growth, regression of the CL and induction of
ovulation led to development of the Ovsynch program. Pre-
synchronization of estrous cycles followed 12 to 14 days later with the
Ovsynch program increased pregnancy rates to timed inseminations.
Initiation of the Ovsynch program on day 3 of the estrous cycle reduced
ovulation to GnRH and resulted in a smaller proportion of excellent and
good quality embryos following timed insemination. The pregnancy rate
to a timed insemination of Ovsynch was greater when cows ovulated to
the first injection of GnRH. The Presynch-Ovsynch program provided a
platform to identify factors regulating reproductive performance; such
as, parity, body condition score and anovulation. Treatment with hCG at
day 5 after insemination increased pregnancy rate in lactating dairy cows.
Injection of bovine somatotropin at insemination increased pregnancy
rate, conceptus length and interferon-T content in uterine luminal flushings
and altered endometrial gene expression at day 17 of pregnancy. During
heat stress, timed embryo transfer increased pregnancy rate and using
embryos cultured with IGF-I and transferred fresh resulted in a greater
pregnancy rate. Induction of ovulation with estradiol cypionate, as a
component of a timed insemination program, increased fertility.
Manipulation of the estrous cycle to improve follicle/oocyte competence
and management of the post-ovulatory dialogue between embryonic and
uterine tissues should enhance embryo development and survival.

Introduction

The goal of a successful estrous synchronization program is precise control of estrus and ovula-
tion allowing fixed-time artificial insemination (Al) with high fertility. Lactating dairy cows
usually benefit the most from synchronization programs as herd pregnancy rates (PR; defined as
the proportion of pregnant cows relative to all eligible cows inseminated or not in a given
period of time) are often times low because of poor estrous detection, occurrence of anestrus
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and low conception rates. As our knowledge regarding control of the estrous cycle has been
expanded, appropriate implementation of physiological methods to control sequentially fol-
licle turnover, CL regression and induction of ovulation have been successful (Thatcher et a/.
2004). Prostaglandins alone do not provide acceptable synchrony because the time of ovula-
tion depends on the stage of development of the dominant follicle at the time of the prostag-
landin-induced regression of the CL. This problem has been resolved partially with the devel-
opment of the Ovsynch protocol as a breeding strategy that el iminates the need for detection of
estrus whilst allowing for timed Al (Pursley et al. 1997). The protocol is composed of an
injection of Gn RH at random stages of the estrous cycle to induce ovulation of the dominant
follicle and synchronize the emergence of a new follicular wave. Seven days later, PGF20is
given to regress both the original and the potential newly formed CL, followed by a second
GnRH injection 48 h later to induce a synchronous ovulation approximately 28 to 32 h later. A
timed Al (TAI) is done at 12 to 16 h after the second GnRH injection. Pregnancy rates are
comparable to those of cows inseminated at detected estrus. This protocol has been imple-
mented successfully in many commercial dairy farms world wide as a strategy for TAI during
the first postpartum Al, as well as for re-insemination of non-pregnant cows. Although the
Ovsynch protocol allows for TAI without the need for estrous detection, approximately 10 to
150/0of the cows will display signs of estrus during the protocol and they should be inseminated
promptly if maximum PR is to be achieved.

The objective of this review is to integrate strategies to further optimize an ovulatory control
program that is applicable to lactating dairy cows and to define how it can be utilized as a
platform to improve the reproductive performance of a dairy herd.

Strategies to further optimize an ovulation control program

Pre-synchronization

Vasconcelos et al. (1999) noted that initiation of the Ovsynch protocol between days 5 and 9 of
the cycle resulted in the highest frequency of ovulation to the first Gn RH injection. Fertility
was decreased when the duration of dominance of the ovulatory follicle was longer than 5 days
(Austin et al. 1999) or the Ovsynch program was initiated in the early stages of the estrous
cycle (Vasconcelos et al. 1999). Ovulation to the first Gn RH injection and initiation of a new
follicular wave should improve PR because an ovulatory follicle with a reduced period of
dominance is induced to ovulate. Thus the concept of pre-synchronization (Presynch; Moreira
et al. 2001) was introduced to enhance the probability of having a dominant follicle 10mm)
that will be induced to ovulate to the first GnRH injection of the Ovsynch protocol and the
assurance that a CL will be present throughout the synchronization period (that is, a CL will not
regress prior to the injection of PGF20). The Presynch-Ovsynch program utilizes two injections
of PGF2a14 days apart, with the second injection given 12 days prior to the first GnRH of the
TAI protocol. The Presynch-Ovsynch program increased PR 18 percentage units (that is, 25% to
43%) in lactating cyclic cows (Moreira et al. 2001). Likewise, EI-Zarkouny et a/. (2004) also
demonstrated improvement in PR when cows were pre-synchronized prior to the Ovsynch
protocol. In addition to the potential benefit of optimizing the stage of the cycle by pre-
synchron ization, the prior repeated injections of PGF2amay have a therapeutic benefit on the
uterine environment by stimulating re-occurring proestrous/estrous phases allowing for im-
proved uterine defense mechanisms.

Navanukraw et a/. (2004) demonstrated that pre-synchronizing cows with 2 injections of
PGF2a,the second given 14 days prior to initiation of the Ovsynch protocol, improved PR.
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Pregnancy rate to the modified Presynch-Ovsynch program was greater than the Ovsynch pro-
gram (49.6% > 37.3%; P< 0.05). This slight modification makes the sequence of injections
friendlier to producers as injections are given on a weekly basis.

Optimizaton of follicle turnover

Implementation of the Ovsynch protocol prior to day 10 of the estrous cycle reduced the
number of cows with premature luteolysis (Vasconcelos et al. 1999) and would therefore be
expected to minimize the number of cows expressing estrus prior to the second Gn RH injec-
tion and ovulating prematurely prior to the time of Al. However, it does not control precisely
the stage of follicle development at the time of the first injection of GnRH in the Ovsynch
protocol. Regardless of pre-synchronization strategies, cows that ovulated to the first GnRH
injection of the Ovsynch protocol had increased PR (Chebel et al. 2006). In cows subjected to
a Presynch-Ovsynch protocol, with the first GnRH of the Ovsynch protocol given 13 days after
the Presynch (which in this study utilized CIDRs [+] or no CIDRs [-I), those ovulating to the
GnRH had increased PR at 31 (+ CIDR, 37% > - CIDR, 210/a)and 60 (+ CIDR, 28°/a > -
CIDR, 18%) days after Al (Chebel et al. 2006).

The importance of inducing follicle turnover is demonstrated vividly by evaluating fertiliza-
tion rates and embryo quality after TAI following the induction of follicle turnover or not (Cerri
et al. 2005a). Our hypothesis was that initiating Ovsynch on day 3 of the estrous cycle would
lead to continued development of an ovulatory follicle that would result in poorer embryo
quality compared to recruitment of a new ovulatory follicle following follicle turnover initiated
by an injection of GnRH on day 6 of the cycle. Lactating cows (n =396) were subjected to Al
after one of four protocols (Fig. 1). All cows received the same pre-synchronization protocol.
The first group, called "Detected estrus (DE)", received GnRH on day 6 of the estrous cycle,
followed by PGF2a7 days later and Al upon estrus. The other three groups were all subjected
to an Ovsynch protocol (that is, Gn RH, 7 days later PGF2a,2 days later GnRH followed by TAI
12h later). The difference between these three goups, 0V3, 0V6 and OVE, was the timing of
the first injection of GnRH on days 3, 6 and 6 of the estrous cycle, respectively. Group OVE
also received an injection of 0.5 mg of estradiol cypionate (ECP)36 h before the TAI. The same
technician inseminated all cows with semen from a single sire. Ovarian responses were evalu-
ated by ultrasonography, blood was analyzed for progesterone and uteri were flushed on day 6
after Al. The incidence of ovulation in response to the first injection of GnRH was less for cows
receiving GnRH on day 3 than on day 6 of the estrous cycle (0V3= 7.1% compared to
DE =79.2%, 0V6=87.3%, OVE =85.2%; P< 0.001) because of smaller dominant follicles
(0V3=9.5 < DE=14.2, OV6=15.4 and OVE =15.0 mm in diameter; P< 0.001). A new
follicular wave was observed in less cows when the first injection of GnRH was administered
on day 3 compared with day 6 (0V3 = 7.1% compared to DE=81.2%, 0V6=88.6% and
OVE =88.9%; P< 0.001). The diameter of the ovulatory follicle at Al differed (20.7, 19.7, 18.1
and 19.7mm for 0V3, DE, 0V6 and OVE, respectively; PG 0.001). Growth of the dominant
follicle that did not turnover (that is, 0V3) and the fresh dominant follicle that was allowed to
ovulate spontaneously (that is, DE) grew to a larger size and reflected the differences in the
duration of follicular dominance (8.1, 7.3, 5.8 and 5.7 days for 0V3, DE, 0V6 and OVE,
respectively; P< 0.001). The proportion of cows synchronized at Al (Iuteolysis and ovulation)
was greater for DE (96.9°/a) than the TAI treatments (84.10/).

Non-synchronized cows in TAI protocols were not flushed on day 6 after Al. Those cows not
observed in estrus in the DE group were not inseminated and, therefore, not flushed on day 6
after Al. Fertilization rates were similar (P=0.96) and averaged 86.3% across treatments. Of
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Fig. 1. Protocol to examine the effects of follicle dynamics on fertilization and embryo
quality (Cerrieta/. 2005a).Al = artificial insemination; DE = insemination upon detection
of estrus; G = injection of GnRH; P = injection of PGF2; 0V3 = Ovsynch protocol
initiated on day 3 of the estrouscycle; 0V6 = Ovsynch protocol initiated on day 6 of the
estrouscycle; OVE = Ovsynch protocol initiated on day 6 of the estrouscycle and with
supplemental estradiol; ECP = supplemental estrogen, estradiol cypionate; Pre-synch—
pre-synchronization of the estrouscycle; US = ultrasonography

the total structures recovered, the proportion of embryos graded as excellent and good was
reduced in cows that began the Ovsynch protocol on day 3 (0V3) of the cycle (Table 1).
Similarly, there was a decrease in the proportion of excellent and good embryos as a proportion
of the fertilized ova collected for cows in the 0V3 group. Both the degree of development (the
number of blastomeres per embryo) and the viability (proportion of blastomeres that were
alive) of the embryos were reduced in the 0V3 group (Table 1). Insemination at DE did not
improve fertilization rates or embryo quality. The TAI compromised embryo quality when the
protocol reduced the number of cows ovulating in response to the first injection of GnRH
(0V3). Consequently, the 0V3 protocol resulted in prolonged dominance of the ovulatory
follicle at Al.

These findings substantiate the importance of regulating follicle dynamics to optimize the
period of follicle dominance to obtain high quality embryos. Increasing concentrations of
estradiol via an injection of ECP prior to the induction of ovulation with GnRH at 48 h after the
injection of PGF,a, did not appear to improve fertilization rates or embryo quality. Perhaps
supplemental estradiol would be more beneficial if given in the proestrus period when a fol-
licle is allowed to develop to mature ovulatory potential.
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Table 1. Effect of four artificial insemination protocols on embryos recovered from uterine flushings at day 6


after Al (Cerri et al. 2005a).




DE

Treatment'

0V3 0V6 OVE

Percent grades 1 and 2 of




recovered structures' 61.0 40.0 72.0 65.9

Percent grades 1 and 2 of


recovered embryos' 71.4 47.0 83.7 74.3

Total number of blastomeresb 42.39 29. 73.44 42.53.29 44.13.16

Proportion of live blastomeres' 94.32.20 90.12 .35 97.72 .14 97.62.02

aDetected estrus (DE)= GnRH on day 6 of the estrous cycle, followed by PGF.,a 7 days later and Al at estrus;

Ovsynch (GnRH, followed by PGF2c, 7 days later, then 2 days later GnRH followed by a timed Al 12 h later) as

0V3, 0V6 and OVE, which correspond to the injection of the first GnRH on day 3, 6 and 6 of the estrous cycle,

respectively, but OVE also received an injection of 0.5 mg of estradiol cypionate 36 h before the timed Al.

"P<0.01, 'P<0.05

Follicle size and estradiol concentrations during the periovulatory period

The injection of GnRH at 48 h after PGF20is at a time that reduces the occurrence of a sponta-
neous estrus but induces a synchronized ovulation permitting TAI. However, injection of GnRH
at 48 h after PGF2acauses a reduction in plasma estradiol concentrations and a slight rise in
plasma progesterone concentrations (Thatcher & Chenault 1976); the increase in plasma proges-
terone concentrations was not evident when GnRH was injected at 60 h. When groups of
lactating dairy cows were synchronized for estrus following injections of GnRH and PGF2a
given 7 days apart, the mean occurrence of estrus was at 72 h after PGF2a;a time indicative of
a fully functional follicle with a mean diameter of 15.7 mm (Badinga et al. 1994). Injections of
GnRH prior to 72 h would induce ovulation of a smaller size follicle that might not be fully
developed and may have prematurely decreased concentrations of estradiol as a consequence
of Iutein ization of the granu Iosa cells. It is typical for cows inseminated to an Ovsynch protocol
to have reduced estrogenic tone at the time of Al. Injection of GnRH to induce ovulation
initiates a preovulatory LH surge before some cows appear to have developed dominant fol-
licles that are physiologically mature (Perry et al. 2005). In beef cows, GnRH-induced ovula-
tion of these smaller sized immature follicles caused a decrease in PRbecause of increased late
embryonidfetal losses (Perry et al. 2005).

An additional means to enhance the programmed proestrus period is to further delay the
injection of the second GnRH injection of the Presynch-Ovsynch protocol until 72 h after the
injection of PGF2a(Portaluppi & Stevenson 2005). In this approach, cows were inseminated at
the time of the GnRH injection. At 72 h many cows are in estrus and inseminating at the time
of the GnRH injection is a compromise in that those cows not yet expressing estrus and induced
to ovulate will be inseminated early relative to ovulation. However, this strategy allows for an
extended proestrus period in lactating dairy cows that results in a more mature functional
follicle. Delaying the GnRH injection and Al until 72 h after PGF2aincreased PR compared to
the Presynch/Ovsynch protocol with GnRH injection and Al at 48 h after PGF20(31.4% >
22.8%) or GnRH injection at 48 h after PGF2aand Al 24 h later (31.40/0 > 23.5%). Thus
extending the proestrus period improved PR(Portaluppi & Stevenson 2005). In a recent study,
however, when cows were given both GnRH and TAI at either 48 or 72 h after a PGF2a-induced
luteolysis, PR did not differ even when 1 mg of ECP was given 24 h after PGF2a(Table 2;
Hi Ilegass et al. 2006). Brusveen et al. (2006) also failed to detect any difference in PR when



74 W.W. Thatcher and J.E.P. Santos

cows were given both GnRH and TAI at either 48 (G48) or 72 h (G72) after PGF,,,,induced
luteolysis as part of a Presynch-Ovsynch program. However, PRwas improved when the GnRH
injection was delayed to 56 h (G56) followed by TAI 16 h later (that is, at 72 h). The G56, PR
of 36.2% at day 31-33 post-Al was greater than 26.7% and 27.2% for G48 and G72, respec-
tively. The beneficial effect of GnRH at 56 h prior to TAI at 72 h is most likely due to a more
optimal stage of follicle development at the time of the GnRH injection (56 h compared to 48
h) combined with the proper timing of insemination that allows capacitated sperm to be at the
site of fertilization when the cows ovulate.

Table 2. Effect of timed Al at 48 or 72 h after PGF2,, and treatment with estradiol cypionate (ECP) on reproduc-




tive responses of dairy cows (Hillegass et al. 2006).




Treatment'




P valueb




CoSynch 48 CoSynch 72




No ECP ECP No ECP ECP CoS ECP CoS*ECP

Cows, n 240 244 246 240





Estrus at Al, 0/0 33.3 59.8 49.8 79.6 0.001 0.001 NS

Pregnant 38 d, % 42.1 46.5 46.4 43.7 0.77 0.83 NS

a CoSynch 48 = GnRH and timed Al 48 h after PGF2e,-induced luteolysis; CoSynch 72 = GnRH and timed Al 72

h after PGFajinduced luteolysis; ECP (1 mg) injected 24 h after PGF2,,

CoS = effect of CoSynch; ECP = effect of estradiol cypionate; CoS*ECP = interaction between CoS and ECP.

Supplemental estradiol in the periovulatory period

In a low progesterone environment, during late diestrus and proestrus, exogenous estradiol can
stimulate hypothalamic secretion of GnRH thereby inducing a LH surge and ovulation. The
estradiol-induced LH surge mimics a spontaneous surge in that it lasts for approximately 10 h:
twice the duration of a GnRH-induced surge of LH. Estradiol cypionate (ECP), an esterified
form of estradio1-178, has been used to induce ovulation as a modification of the Presynch-
Ovsynch program (Pancarci et al. 2002; Cerri et al. 2004). Cows were pre-synchronized with
two injections of PGF,,, given 14 days apart with the TAI program beginning 14 days after the
second injection of PGF2, and using ECPto induce ovulation (Pancarci et al. 2002). Cows were
injected with GnRH followed by PGF,a 7 days later. The ECP (1 mg, i.m.) was injected 24 h
after PGF2aand cows received TAI 48 h later or at detected estrus if it occurred prior to 48 h. In
lactating dairy cows, the frequencies of detected estrus and ovulation after ECP were 75.7%
and 86.5%, respectively (Pancarci et al. 2002). Estrus occurred at 29.0 + 1.8 h (n =28) after
ECP. Mean intervals to ovulation were 55.4 + 2.7 h after ECP and 27.5 + 1.1 h after onset of
estrus. The interval from ECP injection to ovulation had a rather large coefficient of variation of
27.4%. This lead to the recommendation to inseminate cows at all detected estruses occurring
prior to 48 h and TAI the remaining cows at 48 h after the ECP injection.

Lactating dairy cows have reduced concentrations of plasma estradiol in the preovulatory
period and a reduced intensity of estrus (De la Sota et al. 1993; Sartori et al. 2002a) therefore
the elevation of plasma estradiol concentrations following ECP injection will supplement for a
lactational induced deficiency in estradiol. If cows are anovulatory (for example, anestrus or
have not developed positive estradiol feedback) then the ECP modified Ovsynch program may
not be as effective as the GnRH based Ovsynch program in which GnRH causes the direct
secretion of LH. The greater occurrence of estrus, enhanced uterine tone and ease of insemina-
tion are practical advantages with the use of the Presynch/ECP modified Ovsynch program.
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Cerri et al. (2004) clearly demonstrated that lactating dairy cows subjected to a
presynchronized/ECP modified Ovsynch with a TA1 had increased proportions of cows in es-
trus, as well as greater conception and pregnancy rates compared with cows inseminated fol-
lowing detected estrus induced by a presynchronized/GnRH-PGF2a (that is, 7 day interval)
protocol. Fertility responses to the presynchronized/ECP modified Ovsynch protocol were im-
proved when lactating cows were observed in estrus after ECPtreatment. Occurrence of estrus
in both groups was associated with cyclic status and the size of the preovulatory follicle deter-
mined at 48 h after ECP. As cows inseminated following the presynchronized/ECP modified
Ovsynch protocol had greater conception rates, it is possible that supplemental estradiol given
during proestrus in the form of ECP enhanced the fertility of these high-producing dairy cows.

The dynamics of estradiol exposure during the proestrus period prior to either spontaneous or
induced preovulatory surges of LH need to be evaluated precisely to determine whether estra-
diol supplementation enhances conception and pregnancy rates. The variables to be examined
in the proestrus period following an injection of PGF2ainclude the timing of the estradiol
treatment relative to both follicle maturity (size, estrogenic status et cetera) and the preovula-
tory surge of LH. The surge of LH initiates oocyte maturation and luteinization of the follicular
cellular components leading to a decrease in estradiol secretion and ovulation. Clearly the
findings of Cerri et al. (2004) of enhanced conception and pregnancy rates with the use of ECP
was in association with enhanced plasma estradiol concentrations during a programmed proestrus
period of 53 h (that is, mean interval from the injection of PGF2ato the onset of estrus or the LH
surge). The mean diameter of preovulatory follicles at 48 h after ECPwas 18 mm in diameter.
Proestrus follicles that matured earlier, based on detected estruses prior to 48 h, were accom-
modated by prompt Al.

In subsequent studies, ECPwas used in conjunction with a Gn RH injection to control more
precisely the timing of estradiol injections relative to the LH surge; however, reproductive
responses were not improved (Cerri et al. 2005a; Sellars et al. 2006; Hillegass et al. 2006). An
injection of 0.5 mg ECP 24 h after PGF2ainjection, which was 24 h prior to an injection of
GnRH, failed to increase either fertilization rates or embryo quality at day 6 after TAI (Table 1;
Cerri et al. 2005a). Pregnancy rates were not increased when 0.5 mg ECPwere injected concur-
rently with GnRH at 48h after PGF2ainjection when compared to a standard Ovsynch protocol
(Sellars et a/. 2006). In contrast to the experiment of Cerri et al. (2004), the dose of ECP was
less (0.5 mg versus 1.0 mg) and plasma estradiol concetrations were elevated at the time the
follicle was induced to undergo luteinization in response to the LH surge induced by the
concurrent injection of GnRH. Although sizes of the preovulatory follicles at 48 h were the
same among the experiments (Cerri et al. 2004; 2005a; Sellars et al. 2006), the approximate
proestrus periods before the induced surge-like release of LH differed (that is, 53, 48 and 48 h,
respectively) as did the period of elevated plasma estradiol concentrations prior to the LH surge
(-29, 24 and 0 h, respectively). When Souza et al. (2005) supplemented lactating dairy cows
with 1 mg of estradio1-176 at 8 h prior to the induction of ovulation in the Ovsynch program,
treatment with estradio1-171; increased circulating estradiol concentrations (18.4+4.6 units,
n =8 vs. 2.94+0.6 units, n =8; P< 0.01) and expression of estrus (78.5°/0, n =302 vs. 42.4%,
n =290; P< 0.01). Thus induction of a sharp rise and decline in plasma estradiol concentrations
improved PR to TAI in cows during the cool season (<21°C) (50.9%, n =116 vs. 34.6°/s,
n =108; P< 0.02). Cows classified as anovular had greater PRwhen treated with estradio1-176.
In addition, cows with intermediate-sized ovulatory follicles (15-20 mm in diameter with single
ovulation, n =416) tended (P= 0.06) to have greater PRwhen supplemented with estradio1-176
prior to GnRH-induced ovulation. These data support the findings of Cerri et a/. (2004) and
suggest that the response to supplemental estradiol depends upon cyclic status, season and size
of the ovulatory follicle.



76 W.W. Thatcher and J.E.P. Santos

Use of ovulatory control programs as a platform to improve pregnancy rates

Ovulatory control systems have provided a platform for investigators to quantitatively elucidate
the factors that are limiting herd fertility, and such a platform provides a reference base to test
strategies that may improve PR.The ability to synchronize follicle development and CL regression
coupled with the precise timing of ovulation allows for synchronous inseminations or transfer of
embryos. Consequently, the management and biological factors regulating reproductive perfor-
mance can be examined and systems developed to improve PR in what is currently considered a
sub-fertile population of lactating dairy cows.

The impact of anovulatory cows and body condition scores on pregnancy rates and embryo losses

The interrelationships among parity, body condition score (BCS; 1 to 5 scale), milk yield, Al
protocol (inseminated at estrus or TAI) and cyclicity (cyclic or anovular) were evaluated with
respect to their impacts on PRand embryonic survival following the first postpartum Al (n =5,767)
in nine studies on five dairy farms (Rutigliano & Santos 2005). All farms and cows had records on
BCSat calving and at Al. For all farms, cows were inseminated at first service either upon detection
of a synchronized estrusor at TAI in association with a Presynch-Selectsynch or Presynch-Ovsynch
or Presynch-Heatsynch program (Thatcher et al. 2004). Pre-synchronization entailed two PGF,„
injections given 14 days apart with the TAI or estrous synchronization protocol initiated 12 to 14
days after the pre-synchronization. Effects of parity (that is, primiparous and multiparous) were
evaluated in all of the studies and farms. Milk yield was determined once (eight studies) or twice
monthly (one study). On two of the five farms used in the nine studies, cows were milked either
twice or thrice daily (that is, on one farm, cows were milked thrice daily in three of the five studies
whilst on another farm they were milked thrice daily in two of four studies).

Occurrence of cyclicity was greater for multiparous than primiparous cows at 65 days postpar-
tum (81.8% vs. 69.5%; P< 0.001). In addition to parity, cyclicity was also influenced by milking
frequency (twice= 82.7% vs. thrice= 68.7%; P< 0.01), BCSat calving and at AI, BCSchange and
milk yield. However, milk yield, BCSat calving and the Al protocol had no effect (P> 0.10) on PR
at 30 and 58 days after Al or pregnancy loss. More (P< 0.001) cyclic than anovular cows were
pregnant at 30 (40.0% vs. 28.3%) and 58 (34.2% vs. 23.0°/a) days after Al and anovulation tended
(P=0.09) to increase pregnancy loss (14.5% vs. 18.6%) between 30 and 58 days of gestation.
Pregnancy losswas highest (22.5% vs. 16.8% vs. 12.2%; P< 0.01) and conception rates at day 58
lowest (21.7% vs. 30.4°/0 vs. 35.6%; P< 0.01) in cows that lost 1 unit of BCSthan those that lost
< 1 or experienced no change in BCSfrom calving to Al. Likewise, a greater BCSat Al (3.75 vs.
3.0 to 3.5 vs. 2.75) increased conception rates at 30 (46.4% vs. 40.1°/0 vs. 33.9°/s, respectively;
P< 0.01) and 58 (41.8% vs. 34.6°/0 vs. 27.9%; P< 0.01) days after Al. Consequently, minimizing
loss of BCSafter calving and improving cyclicity early postpartum are expected to increase PRand
enhance embryonic survival. The Al protocol and milk yield did not affect pregnancy and embry-
onic survival after the first postpartum Al. This summary of studies with repeated measurements of
BCS dynamics and anovulatory status in association with PR is in agreement with other studies
indicating that pregnancy ratesto first timed insemination are lessfor anovu Iatory cows (Moreira et
al. 2001; Cordoba & Fricke 2001; Gumen et al. 2003).

Supplemental progesterone for anovular cows

Methods to improve fertility of anovular cows, such as the use of supplemental progesterone,

have proven inconsistent in high-producing dairy cows. Use of an intravaginal progesterone
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insert increased the induction of cyclicity in anovular cows between 49 and 62 days postpartum
(30.8 vs 46.20/0; P< 0.01: Chebel et al. 2006) but failed to improve PR in cyclic and anovular
cows. Galvao et al. (2004) incorporated an intravaginal progesterone insert, containing 1.38 g
of progesterone, in a TAI protocol but the progesterone insert did not improve PR or embryo
survival in anovular cows. Previously, incorporation of an intravaginal progesterone insert into
a TAI protocol improved PR in one of two experiments (EI-Zarkouny et al. 2004) but in none of
the experiments did the progesterone insert improve PRof anovular cows. The inconsistency in
reproductive performance after progesterone supplementation is quite intriguing and possibly
related to the low concentrations of progesterone induced by the CIDR in high-producing
lactating cows (Cerri et al. 2005b).

Embryotrophic actions of bovine somatotropin at first Al

Exogenous bovine somatotropin (bST) increased PR(for example, 57.0% > 42.60/0: Moreira et
al. 2001) when administered as part of a Presynch-Ovsynch TAI protocol (that is, bST was given
either at the first injection of GnRH or at TAI) in cyclic lactating dairy cows for the first Al
postpartum or in protocols involving cows being inseminated at detected estrus (Morales-Roura
et al. 2001; Santos et al. 2004; Starbuck et al. 2006). Furthermore, pregnancy losses were
reduced in cows that received bST at the time of the first Gn RH injection of either a Presynch-
Ovsynch TAI protocol or synchronization using GnRH followed 7 days later by PGF2awith
cows inseminated at detected estrus (Santos et al. 2004). The study of Morales-Roura et al.
(2001) involved cows identified as having three or more prior inseminations. Pregnancy rates
were stimulated when bST was given at estrus and again 10 days later. As bST was effective at
AI, it is likely that bST stimulated fertilization, embryonic development and survival following
Al in lactating dairy cows. Subsequent in vitro and in vivo studies indicated that both GH and
IGF-I stimulated fertilization and blastocyst development (Moreira et al. 2002a;b) as well as
embryo cell number (Moreira et al. 2002a).

An additional study utilized a pre-synchronization protocol followed by Ovsynch and TAI as
a platform to examine the effect of bST (injected at TAI and 11 days later) on conceptus devel-
opment and endometrial gene expression at day 17 after TAI, as well as daily hormonal re-
sponses between TAI (=day 0) and day 17 (Bilby et al. 2006a;b; Thatcher et al. 2006). There
were increases in conceptus length (45> 34 cm), interferon-T concentrations in uterine luminal
flushings (9.4 > 5.3 pg) and enhanced embryo survival based on a greater PR at day 17
(830/o> 40%) in animals treated with bST. When the contents of interferon-T in the uterine
flush ings were adjusted for the length of the extra-embryonic membranes as a covariate, the
difference due to bST was no longer significant. Thus a greater uterine pool size of interferon-
T in bST-treated cows appears to be due to a greater size of the conceptuses at day 17. Treat-
ment with bST enhanced the abundancies of both IGF-II and PGESmRNAs whilst it decreased
PGFSmRNA in the endometrial tissue of day 17 pregnant cows compared to pregnant cows not
treated with bST. Collectively, these uterine and conceptus responses likely contribute to
enhancing embryo survival in lactating cows at first Al when administered at the proper time in
a programmed and synchronous ovulation with insemination.

Timed embryo transfer

An additional use of the Ovsynch protocol is to control the time of ovulation as a platform to

carry out a timed embryo transfer in recipient lactating dairy cows. Since the Ovsynch program

can be used successfully to synchronize ovulation rate in a significant number of cows (that is,
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—85%), it can be used for a synchronized transfer of either fresh or frozen embryos produced
from superovulated donors or by in vitro production (IVP). The practicality and efficiency of
recipient management is further improved by identifying, at the time of embryo transfer, whether
the synchronized recipient has a CL and a dominant follicle confirmatory of a synchronized
ovulation to the second injection of GnRH of the Ovsynch protocol. Use of a Presynch-Ovsynch
protocol or some appropriate modification for pre-synchronization would further improve the
percentage of recipients with a synchronized ovulation.

The percentage of viable embryos (that is, excellent and good quality) recovered at day 6
after AI, following a pre-synchronization program that preceded an Ovsynch protocol imple-
mented at day 6 of the estrous cycle, was 66.5% (Table 1, DE=610/0 and 0V6= 72°/0; Cerri et
al. 2005a). Hence there is a considerable number of potential pregnancy losses by day 6 and
this is even greater in lactating dairy cows exposed to heat stress (22°/a with grades 1, 2 and 3
embryos; Sartori et al. 2002b). Thus timed embryo transfer of excellent to good grade embryos
would be a logical means to by-pass these early embryo losses prior to day 6 or 7 in lactating
dairy cows.

Two studies completed in Florida during the summer heat stress season evaluated timed
embryo transfer following the second injection of GnRH in the Ovsynch protocol; embryos
were transferred to recipients either at day 7.5 (Ambrose et al. 1999) or day 8 (Al-Katanani et
al. 2002). Fresh IVP embryos increased PR compared to TAI (16.6% > 5.6%). Frozen-thawed
IVP embryos resulted in PRcomparable to the TAI control groups (that is, 5.6%). Consequently,
processes associated with the freezing and thawing of IVP embryos are not optimal for transfer
of embryos during conditions of heat stress in lactating dairy cows. However, it is clear that
under heat stress conditions in Florida, the well characterized detrimental effects of high tem-
perature on early embryo development can be by-passed partially with the use of timed em-
bryo transfer.

Based on the observations that IGF-I stimulates blastocyst development during in vitro cul-
ture (Moreira et al. 2002a), Block et al. (2003) documented clearly that embryos cultured with
IGF-I subsequently transferred fresh into recipients (timed embryo transfer on day 8 after the
second GnRH of an Presynch-Ovsynch protocol) resulted in greater PR during summer heat
stress. This beneficial effect of IGF-I exposure in culture, that results in increased PRfollowing
embryo transfer of fresh embryos, occurred in the summer heat stress season (day 41-49 PR:
+ IGF-I, 28/67=41.8% vs. —IGF-1,13/71=18.3%) but not during the cooler season (day 41-49
PR: + IGF-I, 16/73=21.9% vs. —IGF-1,21/74=28.4°Q of the year (Block & Hansen 2006).

Since early embryonic viability is reduced in lactating dairy cows (Sartori et al. 2002b),
Sartori and coworkers (2006) hypothesized that embryo transfer would improve PR in lactating
dairy cows. Ovulation was synchronized with a modified Ovsynch program (Gn RH followed at
7 days with PGF20and then 3 days later with GnRH) and then the cows were either inseminated
at the time of the second Gn RH injection or they received fresh or frozen embryos (classified
as excellent or good quality from superovulated cows or heifers) at day 7 after the second
Gn RH injection. Pregnancy rates at days 60-66 for cows that had a synchronized ovulation did
not differ between Al (31.2%) and embryo transfer (30.7°Q. The authors suggested that lactat-
ing dairy cows might have other reproductive problems that may not be solved by embryo
transfer. These could include subclinical endometritis, carry over effects of negative energy
balance or hormonal imbalances that collectively may compromise the uterine environment for
optimal embryo development after embryo transfer. In fact, 30 to 500/oof lactating dairy cows
have subclinical endometritis, characterized by increased presence of polymorphonuclear neu-
trophi Is in the uterine lumen after 40 days postpartum, which are associated with reduced PR
(Sheldon et al. 2006).
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The comparison between animals that were inseminated versus a transferred embryo is in-
sightful. For all cows that had a synchronized ovulation of a single ovulatory follicle, those with
a smaller size ovulatory follicle (10-15 mm in diameter) had lower PR at days 25-32 when
inseminated compared to those receiving embryo transfer (23.7% < 42.3%; P< 0.05). Similar
results were observed when pregnancy was diagnosed on days 60-66 (18.4°/a < 38.5%; P< 0.05).
In contrast, no differences between groups were detected for medium- and large-size ovulatory
follicles (Sartori et al. 2006). For all single-ovulatory cows, those classified as having smaller
size ovulatory follicles had lower concentrations of progesterone at day 7 than those cows
ovulating medium- or larger-size ovulatory follicles (1.59 ng/ml < 2.00 ng/ml and 2.13 ng/ml,
respectively). It is plausible to suggest that the lower concentrations of progesterone associated
with the synchronized ovulation of a small size ovulatory follicle results in a sub-optimal rise in
progesterone that alters early embryo development resulting in a reduced PR. This early period
of developmental sensitivity appears to be by-passed with the transfer of excellent or good
grade embryos to single ovulation recipient cows that are lactating.

A possible method to overcome the formation of sub-functional Iuteal tissue is the induction
of accessory CL early in diestrus. Santos et al. (2001) injected 3,300 IU of hCG in lactating
cows 5 days after Al following detection of a synchronized estrus and cows receiving hCG had
an increased number of CL and increased plasma progesterone concentrations. Pregnancy rates
on days 28, 42, and 90 were improved by hCG treatment but late embryonic and fetal losses
remained unaltered. Benefits of hCG treatment were clearly demonstrated in cows that were
losing BCS between Al and pregnancy diagnosis. Nishigai et a/. (2002), utilizing embryo
recipient cows, demonstrated that hCG induction of an accessory CL and a subsequent increase
in plasma progesterone concentration increased PR. Pregnancy rate in cows receiving hCG on
day 6 was higher (67.5%) than in control cows (45.0%) or cows receiving hCG on day 1
(42.5%) after Al.

Conclusions

The management of reproductive processes in the high producing dairy cow to optimize PRcan
be achieved partially through implementation of a timed Al program characterized by sequen-
tially controlling follicle turnover in concert with induced regression of the corpus Iuteum and
timely induction of ovulation. Such systems partially optimize the proestrous period and supple-
mental estradiol further increases PR. Components of the postpartum period, such as parity,
dynamic changes in body condition score, anovulation and uterine health, influence PR and
embryo losses. Management of the post-ovulatory dialogue between embryonic and uterine
tissues should enhance embryo development in lactating dairy cows, as demonstrated by the
timely injection of hCG to increase circulating progesterone concentrations and the enhance-
ment of conceptus development and PR in response to bST. Timed embryo transfer is a means
to by-pass inefficiencies in fertilization and early embryo development associated with heat
stress and has provided a platform to demonstrate the in vivo beneficial effects of culturing in
vitro produced embryos with IGF-I. Embryos produced in vitro that are cultured in the presence
of IGF-I result in greater PR post-transfer during seasonal periods of heat stress. Conversely, the
lack of an improvement in PRof timed embryo transfers in the cool season compared to timed
insemination indicates that there may be potential arrays of factors compromising fertility in
lactating dairy cows beyond the optimization of the periovulatory period.
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