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ABSTRACT: Although fertilization rate usually is
very high when male fertility is normal, pregnancy
rates are below expectations when defined by the birth
of live offspring in response to first service. Factors that
affect establishment and retention of pregnancy include
1) preovulatory influences on the follicle and oocyte,
2) early postovulatory uterine and luteal function, 3)
concentrations of hormones associated with trophoblas-
tic and endometrial function during maternal recogni-
tion of pregnancy, and 4) less-well understood factors
during the peri-attachment period. For example, de-
creased progesterone during preovulatory follicular de-
velopment leads to a persistent follicle, premature re-
sumption of meiosis, and a high incidence of embryonic
death between the 2- and 16-cell stages. Elevated PGF2α

during d 4 to 9 of the estrous cycle not only caused
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Introduction

As reviewed by numerous authors (Inskeep, 2002),
much of the loss of potential offspring in cattle is concen-
trated in the embryonic period, the first 42 d after breed-
ing. Luteal secretion of progesterone is essential to suc-
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luteolysis but also had a direct embryotoxic effect dur-
ing the morula-to-blastocyst transition. Ideal condi-
tions during placentation and attachment are not
clearly defined. Late embryonic mortality might be in-
creased after ovulation of persistent or immature folli-
cles. Nominal increases in secretion of PGF2α between
d 30 and 35 might be important for attachment and
placentation. Lower survival of embryos from wk 5 to
wk 7 to 9 of gestation in the cow was associated with
lower circulating concentrations of progesterone on wk
5. To maximize embryonic survival in the cow, manage-
ment must provide high progesterone before estrus,
quality detection of estrus, and timely insemination.
Luteolytic influences of estradiol-17β or PGF2α must
be minimized early after mating and during maternal
recognition of pregnancy, and high progesterone is
needed during the late embryonic/early fetal period.

cessful gestation, for ovulation of a healthy oocyte,
maintenance of uterine quiescence, nourishment and
survival of the embryo/fetus, and normal parturition
(Ulberg et al., 1951; McDonald et al., 1952). During
luteal phases preceding and immediately after estrus
in nonpregnant cows, progesterone regulates establish-
ment and timing of mechanisms for luteal regression
(Garrett et al., 1988a). By the same mechanisms, pro-
gesterone prepares the uterus for recognition of preg-
nancy (Vincent and Inskeep, 1986; Vincent et al., 1986).
In addition, concentrations of progesterone regulate fol-
licular development by negative-feedback control of
pulse frequency of LH secretion (Kinder et al., 1996).

Concentrations of progesterone have been implicated
in embryonic deaths during the following periods:
1. The early postovulatory period, before d 6 after

mating, in cows in which persistent follicles devel-
oped under lower progesterone during the preced-
ing luteal phase and most resultant embryos failed
to reach 16 cells.

2. Days 4 through 9 after mating, when excessive se-
cretion of PGF2α can be both embryotoxic and luteo-
lytic; if progesterone was not present before estrus,
the uterus lacks receptors for progesterone.
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3. Maternal recognition of pregnancy, d 14 through
17, when lower pregnancy rates have been associ-
ated with low progesterone and high estradiol-17β.

4. The late embryonic period, d 28 to 42, when placen-
tation and attachment are in progress. Low proges-
terone portends loss, but the embryo usually dies
before luteal regression.

Low concentrations of progesterone lead to excessive
concentrations of other hormones that may cause em-
bryonic death. This review will be concerned with endo-
crine mechanisms involved in embryonic loss or sur-
vival and how understanding of those mechanisms has
been developed.

Preovulatory Follicular Development in Relation
to Circulating Concentrations of Progesterone,
Estrogen, and Luteinizing Hormone

Kinder et al. (1996) summarized how pulsatile secre-
tion frequency of gonadotropin releasing hormone
(GnRH) from the hypothalamus is regulated by circu-
lating concentrations of progesterone during the es-
trous cycle. Frequency of pulsatile secretion of luteiniz-
ing hormone from the anterior pituitary is determined,
in turn, by the frequency of GnRH pulses. A high fre-
quency of LH pulses stimulates continued growth of a
dominant follicle (Taft et al., 1996), which secretes more
estradiol-17β and inhibin. A low frequency of LH pulses
fails to support continued follicular growth and leads
to atresia of the largest follicle, with a resultant de-
crease in secretion of estradiol-17β and inhibin. Each
time that the largest follicle of a wave stops growing,
an increase in secretion of FSH stimulates development
of a new cohort of follicles (Adams et al., 1992). Ginther
et al. (1996) reviewed 1) the process of selection of the
dominant follicle, 2) the roles of dominance loss by the
largest follicle and increased secretion of FSH in the
selection process, and 3) the acquisition of dependency
on LH by the largest follicle of a cohort.

Extensive data support the sequence of hormonal
events described above. Inskeep (2002) analyzed data
pooled from nine studies in which progesterone, estra-
diol-17β, and frequency of pulses of LH were measured.
Concentrations of progesterone in peripheral circula-
tion accounted for 37% of the variation in frequency of
LH pulses and 38% of the variation in concentrations
of estradiol. Luteinizing hormone pulse frequency ac-
counted for 50% of the variation in concentrations of es-
tradiol.

Workers utilizing repeated ultrasonic imaging to
monitor ovarian follicles in different size categories
(Pierson and Ginther, 1987) or individual follicles (Sir-
ois and Fortune, 1988) have confirmed that growth of
vesicular follicles in cattle occurs in a wavelike pattern
(Rajakoski, 1960). Ultrasonographic observation of a
wave begins with the emergence of a group or cohort
of follicles ≥4 mm in diameter (Knopf et al., 1989) and
a wave is characterized by continued development of a
single follicle and regression of several subordinates

(Ginther et al., 1989a). The largest (dominant) follicle
cannot ovulate during a luteal phase because the corpus
luteum is dominant by virtue of its secretion of proges-
terone, which limits frequency of LH pulses, leading to
atresia of the largest follicle. The largest follicle present
at the onset of luteolysis may become dominant and
ovulate during the ensuing follicular phase. Two
(Ginther et al., 1989b; Knopf et al., 1989; Rajamahen-
dran and Taylor, 1991), three (Savio et al. 1988; Sirois
and Fortune, 1988), or even four (more frequently in
Brahman cattle; Rhodes et al., 1995) waves occur dur-
ing an estrous cycle. Waves emerged on d 0 (day of
ovulation) and 10 of estrous cycles with two waves, and
on d 0, 9, and 16 of cycles with three waves (Ginther
et al., 1989b; Ahmad et al., 1997); thus, a follicular
wave occurred about every 7 to 10 d. Ginther et al.
(1996) and Ahmad et al. (1997) discussed the variation
among herds in whether two or three follicular waves
occurred during an estrous cycle in the majority of ani-
mals. In two studies, the proportions of animals with
two or three waves varied with nutrition (Murphy et
al., 1991) or body condition (Burke et al., 1998). In
studies with larger numbers of animals, two waves (Ah-
mad et al., 1997; Townson et al., 2002) seemed to be
the prevalent pattern.

Ulberg et al. (1951) recognized the larger size of folli-
cles in animals completing treatment with low dosages
of progesterone, but the phenomenon has been studied
intensively only in the last decade. Concentrations of
progesterone during the luteal phase clearly influence
the persistence of a follicle and the number of follicular
waves during an estrous cycle (Richards et al., 1990;
Sanchez et al., 1993, 1995; Smith and Stevenson, 1995).
Ahmad et al. (1997) collected peripheral blood samples
every other day from beef animals with two and three
waves during normal estrous cycles. Concentrations of
progesterone and estradiol-17β differed only in relation
to the time that luteal regression occurred, not in mean
concentrations during the luteal phase. Townson et al.
(2002) found similar results for progesterone in lactat-
ing dairy cows. Thus, the length of the luteal phase
appears to be the primary determinant of number of
waves, unless very low progesterone leads to persis-
tence of a dominant follicle.

With extensive studies of follicular growth by
transrectal ultrasonography, the relationship of lower
fertility to persistent large follicles began to be recog-
nized (Savio et al., 1993a,b; Stock and Fortune, 1993;
Wehrman et al., 1993). Breuel et al. (1993b) examined
fertility of postpartum beef cows with normal luteal
phases, after induction of estrus by weaning the calf.
Cows with larger preovulatory follicles 5 d before the
surge of LH had greater preovulatory concentrations
of estradiol and a lower conception rate (36%) than
those with smaller follicles at that time, which averaged
91% conception.

In retrospect, much of the variation in pregnancy
rates at synchronized estrus in cattle can be accounted
for by whether or not a dominant follicle became persis-
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tent under conditions of low progesterone or progesto-
gen. Oocytes from persistent follicles were likely to be
at a more advanced stage of maturation than those
from follicles of normal age and size (Revah and Butler,
1996; Mihm et al., 1999). Mihm et al. (1999) found that
by 12 d duration of dominance, seven of eight oocytes
had reached at least Metaphase I. In contrast, after 4
d of dominance, most oocytes were in nuclear stage
II. Taft reduced circulating progesterone on d 6 of the
estrous cycle (R. A. Taft, unpublished data, WV Agric.
For. Exp. Stn.). He obtained preliminary evidence that
changes in the oocyte characteristic of maturation be-
gan within 48 h of lowered progesterone (d 8), including
advance to nuclear stage II, irregularity of the nuclear
membrane, and degeneration of cumulus cell processes,
as well as changes in shape and clumping of the mito-
chondria. By d 10 of the cycle, 1 d after emergence of
the lead follicles of the second wave (Ginther et al.,
1989b; Ahmad et al., 1997), similar changes were appar-
ent in oocytes in the dominant follicles of the first wave
in cows with normal concentrations of progesterone (R.
A. Taft, unpublished data). Thus, changes characteris-
tic of prematuration also are seen during the early
stages of atresia. Although the oocyte from persistent
follicles was fertilizable, development of the resultant
zygote was retarded, and early embryonic death usually
occurred before the 16-cell stage (Wishart, 1977; Ahmad
et al., 1995). The sequence of relationships described
above provides an explanation for the lowered fertility
seen with low dosages of progestogens in programs for
synchronization of estrus. Similarly, fertility was re-
duced when progesterone was low during the estrous
cycle before breeding (Folman et al., 1973; Meisterling
and Dailey, 1987) in untreated dairy cows.

The ovulatory follicle in cows with two waves of follic-
ular development is older and larger than the ovulatory
follicle in cows with three waves of follicular develop-
ment during an estrous cycle (Ginther et al., 1989b;
Ahmad et al., 1997; Townson et al., 2002). Given the
greater secretion of estradiol-17β from the ovulatory
follicle, patterns of secretion of estradiol, before breed-
ing, could contribute to embryonic losses during d 1 to
4 after breeding, before the 16-cell stage (Ahmad et al.,
1995; Cooperative Regional Research Project, NE-161,
1996; Mihm et al., 1994, 1999; Revah and Butler, 1996).
If exposure of the preovulatory oocyte to a longer dura-
tion of high concentrations of estrogen compromised
embryo survival, then conception rates would be lower
in those cows with two, rather than three, waves of
follicular development. Indeed, conception rate to first
service was reduced in lactating dairy cows in which
the ovulatory follicle came from the second (63%) com-
pared to the third (81%) wave of follicular development
during the estrous cycle before insemination (Townson
et al., 2002). The ovulatory follicles were older by 1.5
d and larger by 1.2 mm in cows that ovulated the domi-
nant follicle from the second wave. Ahmad et al. (1997)
found a similar trend in beef animals. Conception rates
were 82% in 44 heifers and lactating cows in which the

ovulatory follicle came from the second wave and 100%
in 8 heifers and cows in which the ovulatory follicle
came from the third wave during the estrous cycle be-
fore insemination. In a replicate of that study, even
fewer beef cows (6 of 67) had three waves of follicular
development in the estrous cycle before insemination
(H. Hernandez-Fonseca, unpublished data, WV Agric.
For. Exp. Stn.). It was not possible to detect a difference
in fertility due to number of follicular waves in the
combined data from the two studies (83% for 108 cows
with two waves vs. 92% for 14 cows with three waves).
The low proportion of animals with three waves is dis-
couraging to further work.

Hormonal Mechanisms by Which Persistent
Follicles Cause Low Fertility

The sequential relationship of low progesterone, in-
creased frequency of pulses of LH, a persistent largest
follicle, increased secretion of estradiol-17β and de-
creased fertility (Savio et al., 1993a,b; Stock and For-
tune, 1993; Wehrman et al., 1993) is widely accepted
as one of causes and effects (Figure 1). However, it is
not clear whether the reduction in fertility in a cow
with a persistent follicle is due to effects of estrogens,
LH, or both. Patterns of fertility in relation to concen-
trations of estradiol before breeding may be confusing.
For example, concentrations of estradiol-17β on the last
day of treatment differed markedly (11 vs. 4 pg/mL) in
beef cows and heifers in which the estrous cycle was
extended by approximately 7 d with either low (3.7 ng/
mL) or high (5.9 ng/mL) progesterone. Yet fertility was
reduced equally (55 and 59%, compared to 84% in con-
trols; Washburn and Keller, 1992). In another group of
animals in that study, in which a norgestomet implant
(6 mg) was used to delay estrus for 7 d, concentrations
of estradiol-17β were only slightly greater (14 vs. 11
pg/mL), yet fertility was reduced to 32%.

In one study, Revah and Butler (1996) treated cows
with FSH to produce multiple follicles, which then per-
sisted during low progesterone. However, concentra-
tions of estradiol-17β declined to very low values (<1
pg/mL) during the 7 d immediately before estrus. Even
so, follicular oocytes were at a later stage of maturation
(meiosis had resumed), just as in animals with high
concentrations of estradiol-17β from a single persistent
follicle in another of their experiments and in the study
by Mihm et al. (1999). Revah and Butler (1996) re-
viewed evidence that either LH or estrogens could be
responsible for advances in oocyte maturation, and de-
creases in rates of fertilization, implantation, and em-
bryo survival, as well as increased rates of embryonic
and congenital anomalies in rats.

In most studies, comparisons were made between ani-
mals with persistent follicles or control follicles that
were younger and smaller. Taft made contemporary
comparisons of oocytes collected from follicles on d 8
and 10 of the estrous cycle, in cows with normal or
lowered progesterone (R. A. Taft, unpublished data, WV
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Agric. For. Exp. Stn.). In treated animals (low proges-
terone), he regressed the corpus luteum with PGF2α

on d 6 and provided supplemental progesterone from
previously used intravaginal inserts. Progesterone de-
clined from 1.7 to 0.6 ng/mL during d 6 to 9 in treated
animals, while increasing from 1.4 to 3.0 ng/mL in con-
trol animals. During the same time period, estradiol
increased from 1.4 to 3.1 pg/mL in the treated animals,
while decreasing from 2.2 to 1.1 pg/mL in the controls.
As discussed earlier, more oocytes had advanced to
stage II of meiosis by d 8 in the cows with low progester-
one than in the controls. Thus, the changes that ulti-
mately lead to lowered embryonic survival may begin
very early in the exposure to lowered progesterone.

Shaham-Albalancy et al. (1997) showed that concen-
trations of progesterone before estrus altered endome-
trial morphology during the subsequent estrous cycle.
Low concentrations of progesterone (2.1 to 2.3 ng/mL)
during that period increased subsequent secretion of
PGF2α in response to oxytocin, as measured by its major
metabolite (Shaham-Albalancy et al., 2001). These ef-
fects might lead to a decrease in fertility even though
the original oocyte was healthy. However, Wehrman et
al. (1996) have shown that development of a persistent
follicle before synchronized estrus did not alter rate of
survival of control embryos transferred into treated
cows on d 7 after that estrus.

The sequence of relationships through which concen-
trations of progesterone during the preovulatory period
lead to ovulation of oocytes of varying age and effects
on fertility is summarized in Figure 1. In conclusion,
although the effects of delayed ovulations on embryonic
and fetal anomalies in the rat have been shown to be
a result of prolonged exposure of the oocyte to estrogen
(Butcher and Pope, 1979), data available at present do
not allow one to differentiate clearly between effects of
estrogen and direct effects of prolonged increases in LH
in the cow.

Occurrence of Low Concentrations of Progesterone:
The Lactating Dairy Cow as a Specific Case

Conceptually, lower progesterone can be due to re-
duced secretion by the corpus luteum or to increased
metabolism of secreted progesterone. Feed intake, milk
yield, and route of progesterone administration influ-
enced metabolism and/or excretion of progesterone in
lactating dairy cows in some studies (Wiltbank et al.,
2000; Rabiee et al., 2001c), but neither feed intake nor
metabolizable energy had an effect in others (Rabiee et
al., 2002a). In heifers, greater feed intake increased
(McCann and Hansel, 1986), decreased (Villa-Godoy et
al., 1990), or had no effect on (Spitzer et al., 1978)
plasma progesterone. Greater feed intake decreased
plasma progesterone in nonlactating, intact (Rabiee et
al., 2001b), or ovariectomized cows injected with proges-
terone (Rabiee et al., 2001a) or bearing intravaginal
progesterone-releasing inserts (Rabiee et al., 2002b).
High producing cows absorbed more progesterone from
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an intravaginal insert and excreted more progesterone
daily in the milk, but concentrations of progesterone in
milk and plasma were not different from low producing
cows (Rabiee et al., 2001c). Sartori et al. (2002a) found
that concentrations of progesterone and estradiol-17β
in lactating dairy cows were lower than in heifers in
summer and similar to dry cows in winter, despite the
fact that they had larger ovulatory follicles and larger
corpora lutea. They reviewed similar observations by
several other workers.

Based on the earlier work of Parr et al. (1993a,b) and
others in sheep, Sangsritavong et al. (2002) tested the
hypothesis that increased liver blood flow, as a result
of elevated feed intake, will increase steroid metabolism
in lactating dairy cows. Liver blood flow and metabolic
clearance rate of progesterone reached maximum at 2
h after feeding in lactating cows and persisted longer
in cows given greater amounts of feed. In addition, met-
abolic clearance rate of progesterone was correlated (r =
0.92) with liver blood flow. Greater metabolism of pro-
gesterone might account for lower concentrations of pro-
gesterone and more frequent ovulation of persistent
follicles in lactating cows than in heifers that received
the same intravaginal dosage of progesterone (Coopera-
tive Regional Research Project, NE-161, 1996). Simi-
larly, it could be responsible, at least in part, for lower
fertilization rates in lactating cows than in heifers and
lower embryo quality in lactating cows than in heifers
and dry cows (Sartori et al., 2002b)

Inadequate Follicular Development and Oocyte
Maturation as Factors in Embryonic Mortality

Failure of normal luteal function when follicles were
induced to ovulate prematurely has been documented
in the earlier literature, especially in sheep (reviewed
by Lishman and Inskeep, 1991). Benoit et al. (1992)
observed a delay in initiation of luteal function when
ewes were treated with an aromatase inhibitor and
then treated with hCG to induce ovulation in the ab-
sence of an estrogen-induced LH surge. Mann and Lam-
ming (2000) modeled low, medium, and high patterns
of estrogen secretion in ovariectomized cows to induce
estrus and then gave increasing concentrations of pro-
gesterone on d 3 through 6 after estrus to mimic the
luteal phase. Concentrations of 15-keto,13,14-dihydro-
PGF2α in response to an oxytocin challenge on d 6 after
estrus increased as pre-estrous concentrations of estra-
diol decreased. This result fits logically with the fact
that estrogen at proestrus induces uterine progesterone
receptors (Stone et al., 1978; Zelinski et al., 1982) and
the observation by Zollers et al. (1993) that progester-
one receptors were lower on d 5 after estrus in cows
with short luteal phases (see discussion of short luteal
phases in the next section).

Several authors have found evidence that inadequate
follicular development reduced the ability of fertilized,
cleaved oocytes to develop to the blastocyst stage. Ous-
said et al. (1999) used a GnRH antagonist during the

follicular phase to produce that result in sheep. Treat-
ment decreased concentrations of both LH and estra-
diol-17β and increased FSH in plasma. As reviewed by
Mermillod et al. (1999), the association of the ability of
cattle oocytes to develop to the blastocyst stage after
in vitro maturation and fertilization with the endocrine
milieu of the follicle has been quite variable. Lower
concentrations of progesterone, greater concentrations
of estradiol, and more α-subunit of inhibin in follicular
fluid sometimes appeared to have predictive value. Mer-
millod et al. (1999) concluded that the proportion of
developmentally competent oocytes increased with in-
creasing follicular size and that a competent oocyte re-
tained its competence (to initiate development) during
early stages of follicular atresia.

In a recent study, Perry et al. (2003) monitored pre-
ovulatory follicular size in beef cows observed for estrus
and inseminated 12 h later; conception rate, measured
at d 25 to 39, averaged 72%. In contrast, conception
rate in cows that underwent a timed insemination after
a regimen of GnRH on d −9, PGF2α on d −2 and GnRH
on d 0, at insemination, was 45%. Much of the difference
in fertility was accounted for by the cows with follicles
≤11 mm in diameter. For cows with these small follicles,
pregnancy rates were 79% in 14 cows inseminated 12
h after estrus but only 29% in 45 GnRH-treated, timed-
insemination cows. Perry et al. (2002) had observed a
similar trend for lowered fertility in cows induced to
ovulate follicles ≤12 mm in an earlier study with fewer
animals. In those cows, concentrations of progesterone
rose at a slower rate than in cows induced to ovulate
larger follicles. Thus, embryos might have been ex-
pected to be less advanced (Garrett et al., 1988b) and
to produce less interferon-τ (Kerbler et al., 1997; Mann
et al., 1999) in the cows that ovulated small follicles.

Early Embryonic Death Associated with Short
Duration of the Luteal Phase in the
Postpartum Beef Cow

The postpartum transition period, during which cy-
clic occurrence of ovulation is restored, provides an ex-
perimental situation in which to determine effects of
selected endocrine events (reviewed by Inskeep 1995,
2002). A short luteal phase following first ovulation or
first estrus is common in ruminants (Lauderdale, 1986;
Garverick and Smith, 1986; Usmani et al., 1990), first
reported in cattle by Menge et al. (1962). Obviously,
a corpus luteum that regressed before d 14 could not
support maternal recognition of pregnancy on d 14 to
17. Follicular development, pre- and postovulatory con-
centrations of gonadotropins, and luteal receptors for
LH were shown to affect luteal function to some degree
(Lishman and Inskeep, 1991) but not luteal life span.
Copelin et al. (1987, 1989), Peter et al. (1989), and
Cooper et al. (1991) eventually showed that premature
uterine secretion of PGF2α was responsible for the short
luteal phase.
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Ramirez-Godinez et al. (1981, 1982b) and Sheffel et
al. (1982) observed that pretreatment with a progesto-
gen usually led to formation of a corpus luteum with a
normal functional life span, in response to weaning or
injection of gonadotropins. During treatment of anes-
trous cows with progestogen for 9 d, secretion of PGF2α

rose on d 6 through 1 before withdrawal (Cooper et al.,
1991). Thus, if the uterus had not been exposed recently
to progestogen, secretion of PGF2α increased prema-
turely when the first corpus luteum began to secrete
progesterone. However, secretion of PGF2α during
treatment was not necessary for treatment with proges-
togen to normalize the subsequent luteal phase (John-
son et al., 1992). The effect of progestogen was appar-
ently mediated by an increase in numbers of receptors
for progesterone in the uterus on d 5 after estrus (Zollers
et al., 1993). Using ovariectomized postpartum beef
cows as a test animal, Kieborz-Loos et al. (2003) re-
cently showed that prevention of the early secretion of
PGF2α in response to progesterone required a sequence
of exposure to progesterone and estrogen before the test
exposure to progesterone. That is what happens in the
progestogen-pretreated intact cow because follicular
development and estrogen secretion follow withdrawal
of progestogen.

A Model for Study of Fertility in Contemporary Groups
of Cows with Short and Normal Cycles. Bellows et al.
(1974) found that beef cows from which calves were
weaned at about 35 d postpartum consistently exhibited
estrus in 4 to 5 d and formed corpora lutea. Casida et
al. (1968) and Ramirez-Godinez et al. (1982a) obtained
evidence that ovulation and fertilization occurred at
the expected time after estrus preceding a short luteal
phase in early-weaned cows. Logically, fertility should
be improved by pretreatment of the postpartum cow
with progestogen because of the prevention of the short-
ened luteal phase described in the previous paragraph.
A model was developed with which to determine the
point(s) at which fertility fails in early-weaned postpar-
tum beef cows. Calves were weaned at about 30 d post-
partum, and half the cows received progestogen treat-
ment (6-mg norgestomet implants for 9 d, ending 2 d
after early weaning). Control cows that had not formed
corpora lutea before calves were weaned were expected
to have short luteal phases/estrous cycles in all cases.
Cows pretreated with progestogen were expected to
have normal luteal phases/estrous cycles in an average
of at least 80% of cases. Cows in both groups were at
the same stage postpartum when studied.

Breuel et al. (1993b) compared components of fertility
in cows with short or normal luteal phases. First, they
removed and flushed oviducts from cows in each group
at d 3 after breeding. Fertilization rate (68%), develop-
ment of fertilized oocytes to the four- to eight-cell stage
(100%) and embryo quality did not differ between cows
with short or normal luteal phases. When uteri were
flushed nonsurgically on d 6, fertilization rate (82%)
and development to at least the four-cell stage (90%)
again did not differ (Breuel et al., 1993b). If loss of the

embryo was a consequence of early luteal regression,
supplemental treatment with progestogen should
maintain pregnancy. Progestogen therapy, either as a
daily supplement of MGA in feed or as injections of
200 mg of progesterone daily, beginning on d 4 after
breeding (Breuel et al., 1993b), did not maintain preg-
nancy in cows with short luteal phases. In contrast,
41% of all norgestomet-pretreated cows and 50% of
those cows that had normal luteal phases maintained
pregnancy regardless of whether or not they received
MGA. Twelve of 13 cows that were deleted from these
experiments because they had a spontaneous short lu-
teal phase before breeding conceived at the postwean-
ing estrus, at an average of only 33 d postpartum.

Whether the oocytes in cows with short luteal phases
were inherently defective or the uteri of such cows were
hostile to embryo survival was addressed in two experi-
ments utilizing embryo transfer. First, two good-quality
frozen-thawed embryos were transferred on d 7 after
estrus into the uteri of postpartum cows expected to
have short (control) or normal (norgestomet pretreated)
luteal phases. All cows received 200 mg/d of supplemen-
tal progesterone, subcutaneously, beginning on d 4 after
estrus. Pregnancies were maintained in 28% of control
cows compared to 58% of norgestomet-pretreated cows
(Butcher et al., 1992). Second, oocytes/embryos were
flushed from the uteri of control and norgestomet-pre-
treated cows on d 6 after breeding, and, if viable, trans-
ferred into the uteri of nonlactating, cycling recipients
on d 6. Survival rates for embryos deemed fit to transfer
did not differ with source (50 and 73% for cows with
short and normal luteal phases, respectively; Schrick
et al., 1993). However, pregnancy rate (number of recip-
ients pregnant divided by the number of experimental
cows from which an embryo or oocyte was recovered on
d 6) was 13% for cows with a short luteal phase com-
pared to 32% for cows with a normal luteal phase. Like-
wise, embryonic survival of fertilized oocytes on d 6 for
cows with a short luteal phase (23%) was half that for
cows with a normal luteal phase (47%).

Evidence That PGF2α Is Embryotoxic. The apparent
timing of embryo loss, around d 5 through 8, was strik-
ingly similar to the timing of increased uterine secretion
of PGF2α on d 4 through 9 after estrus in cows with short
luteal phases (Cooper et al., 1991). Moreover, Schrick et
al. (1993) had observed that PGF2α concentrations in
uterine flushings of cows with short luteal phases were
more than double those from cows with normal luteal
phases (636 ± 82 and 288 ± 90 pg/mL, respectively).
Embryo quality tended to be correlated negatively with
concentrations of PGF2α in uterine flushings (r = −0.42).
Because embryo quality was lower on d 6 (Schrick et
al., 1993) than on d 3 (Breuel et al., 1993b), the specific
problem in short luteal phase cows was likely to have
occurred after the embryo entered the uterus. A direct
embryotoxic effect of PGF2α had been suggested for
mouse (Harper and Skarnes, 1972) and shown for rabbit
(Maurer and Beier, 1976) and rat (Breuel et al.,
1993a) embryos.



InskeepE30

Effects of PGF2α on embryo survival were examined
in cows in which daily supplemental progestogen was
provided to replace the regressed corpus luteum. Buford
et al. (1996) showed that PGF2α was detrimental to
embryos when given to normally cycling beef cows dur-
ing d 4 to 7 after estrus and insemination, an interval
similar to that during which high embryo mortality had
been observed in cows with short luteal phases. Buford
et al. (1996) tested whether embryonic survival in early-
weaned cows was improved when the luteolytic rise in
PGF2α was reduced by treatment with flunixin meglum-
ine, an inhibitor of prostaglandin G/H synthase
(PGHS). All cows received 300 mg/d of progesterone in
corn oil (s.c.) from d 3.5 after mating until pregnancy
determination at d 30. Cows were allotted at random
among three treatments: saline, flunixin meglumine,
and flunixin meglumine plus removal of the corpus lu-
teum (lutectomy). The latter treatment was intended
to answer the secondary question, whether luteal main-
tenance per se, if it should occur in the group treated
with flunixin meglumine, affected embryonic survival.
Flunixin meglumine was given at 1 g every 8 h on d 4
through 9 and lutectomy was performed on d 7. Preg-
nancy rate was increased only when flunixin meglum-
ine was combined with lutectomy. Therefore, the re-
gressing corpus luteum appeared to be a component of
the embryotoxic effect of PGF2α.

Buford et al. (1996) confirmed that the corpus luteum
was required for the embryotoxic effect of PGF2α in
nonlactating, cycling cows supplemented with progesto-
gen. From these data, it seemed possible that even
subluteolytic concentrations of PGF2α (Schramm et al.,
1983) could play a role in embryonic loss during early
development via release of an embryotoxin from the
corpus luteum. Shelton et al. (1990) observed that pe-
ripheral concentrations of progesterone increased more
slowly after estrus in subfertile dairy cows than in heif-
ers, and several authors have reported that progester-
one increased more slowly in cows subsequently diag-
nosed nonpregnant than in those diagnosed pregnant.

Secretion of PGF2α might be especially important
during cycles that are of relatively normal duration but
have lowered concentrations of progesterone (Lishman
and Inskeep, 1991). Robinson et al. (1976) observed that
secretion of progesterone increased after removal of the
uterine caruncles early in the estrous cycle in the ewe.
In cows, concentrations of PGF2α fall to basal values
at estrus; slight increases on d 5 (as determined by
concentrations of 15-keto,13,14-dihydro-PGF2α) were
associated with metestrous bleeding (Kindahl et al.,
1976). Schallenberger et al. (1989) observed an increase
in concentrations of PGF2α until d 6 after estrus and
artificial insemination. The majority of embryonic mor-
tality in subfertile dairy cows occurred 6 to 7 d after
estrus (Ayalon, 1978), when the morula was developing
into the blastocyst. Maurer and Chenault (1983) ob-
served that 67% of embryonic mortality had occurred
or was occurring by d 8 of gestation in beef cows. Seals
et al. (1998) showed that premature luteal regression

by PGF2α on d 5 through 8 caused embryo death in
cows supplemented with progestogen (confirming the
results of Buford et al., 1996), but treatment on either
d 10 through 13 or 15 through 18 of pregnancy was not
effective. Either the embryo was susceptible only until
about d 8 or older regressing corpora lutea did not pro-
duce or promote production of the embryotoxic factor.
Hockett et al. (1998) showed that treatment with PGF2α

on d 5 through 8 reduced quality and delayed or stopped
development of embryos recovered on d 8. Scenna et
al. (2002) confirmed that PGF2α decreased the rate of
hatching of bovine blastocysts in culture.

Bovine corpora lutea can secrete prostaglandins
(Shemesh and Hansel, 1975). Synthesis of PGF2α by
luteal cells in vitro varied with stage of the estrous
cycle (Milvae and Hansel, 1983) but was not affected
by LH (Pate and Condon, 1984). Rexroad and Guthrie
(1979) showed that corpora lutea of ewes secreted more
PGF2α after treatment with prostaglandins to induce
luteolysis. Recently, Tsai and Wiltbank (1997, 1998)
proposed that secretion of PGF2α from the corpus lu-
teum amplified the luteolytic signal from the uterus in
an autocrine or paracrine manner. A single injection of
PGF2α upregulated mRNA encoding PGHS-2 in mid-
and late-cycle ovine and bovine corpora lutea but was
not effective in animals on d 4 of the estrous cycle. In
subsequent studies, Sayre et al. (2000) showed that the
early corpus luteum can become sensitive with repeated
exposure to PGF2α. Treatment every 8 h beginning on
d 4 upregulated mRNA for both PGHS-2 and PGF syn-
thase within 24 h. Hu et al. (1990) observed that short-
lived corpora lutea produced more PGF2α than did cor-
pora lutea with a normal life span.

Concentrations of PGF2α can be increased locally in
the ovarian artery by venoarterial diffusion from the
uterine vein (Ginther 1974; Bonnin et al., 1999). There-
fore, Hernandez-Fonseca et al. (2000) transferred an
embryo to each uterine horn to test whether a luteal
embryotoxin might be delivered locally to the uterine
horn adjacent to the regressing corpus luteum. The
reduction in survival of embryos in ipsilateral and con-
tralateral uterine horns did not differ; thus, the effect
was systemic or through the uterine lumen. Using ewes
with corpora lutea in only one ovary as a result of unilat-
eral ovariectomy after breeding, Costine et al. (2001)
ligated both uterine horns and treated with PGF2α.
Pregnancy rates were reduced equally in the uterine
horns ipsilateral and contralateral to the regressing
corpora lutea, so they ruled out intraluminal transfer
and concluded that a local effect was not required.

Overall, the preponderance of evidence is that chronic
high concentrations of PGF2α are toxic to the very early
embryo in cows and ewes (Figure 2). The most recent
data support the concept that the effect is direct and
does not require local transfer from the ovary to the
uterus, but that a regressing corpus luteum can be a
significant source of the PGF2α involved in the effect.

Oxytocin is released from the corpus luteum by PGF2α

(Schallenberger et al., 1984) and can increase uterine
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secretion of PGF2α (Newcomb et al., 1977; Milvae and
Hansel, 1980). Buford et al. (1996) observed that injec-
tions of PGF2α increased concentrations of oxytocin in
serum of intact, but not lutectomized, nonlactating
cows. Lemaster et al. (1999) treated with oxytocin in
the same type of experimental design used by Buford
et al. (1996) with PGF2α. Treatment on d 5 through 8
reduced pregnancy rate from 80 to 33%, but the effect
of oxytocin was blocked by concurrent treatment with
flunixin meglumine (80% pregnancy rate). Thus, if oxy-
tocin was involved in the embryotoxic effect, it was
to increase secretion of PGF2α, not a direct effect on
the embryo.

On the other hand, oxytocin, injected to cause milk
letdown or released by uterine manipulation (Roberts
et al., 1975) associated with embryo transfer, might
play a significant role in early embryonic death in cattle,
with or without causing complete luteolysis. In fact,
Schrick et al. (2001) found that treatment with flunixin
meglumine improved pregnancy rates to nonsurgical
embryo transfer. Other factors that increase secretion
of PGF2α, such as heat stress (Malayer et al., 1990),
uterine infection (Manns et al., 1985), or mastitis
(Barker et al., 1998; Cullor, 1990; Stewart et al., 2003),
might cause very early embryonic death through this
mechanism (reviewed by Zavy, 1994).

Role of Follicular Secretion of Estradiol in Embryonic
Mortality During Maternal Recognition of Pregnancy

Patterns of follicular development and resultant se-
cretion of estradiol-17β during d 14 to 17 after breeding
may be important in embryonic loss during maternal
recognition of pregnancy. This concept was originally
presented by Macmillan et al. (1986) and has been sup-
ported in subsequent studies by Thatcher et al. (1989)
and others, in which ovulation or atresia of the largest
follicle during the mid-luteal phase sometimes in-
creased pregnancy rate. Attention was brought to this
period as a result of observations made during prelimi-
nary studies of the survival of embryos when trans-
ferred into postpartum cows with short luteal phases
that were supplemented with progestogens (Butcher et
al., 1992). Attempts were made to provide supplemental
progestogen by silastic implants containing up to 25
mg of norgestomet. However, large follicles developed
in the ovaries during d 12 to 20 and embryos transferred
on d 7 failed to survive. Therefore high dosages of in-
jected progesterone or flurogestone acetate were used
in subsequent studies in which embryo survival was
increased (Butcher et al., 1992). Kastelic et al. (1991)
concluded that luteal regression preceded death of the
embryo in losses that occurred before d 25 of gestation.
Even short periods of deprivation of progesterone can
decrease embryo survival during the maternal recogni-
tion period. Lulai et al. (1994b) studied the effects of
initiation of luteal regression on d 15, either 24 or 36
h before beginning replacement therapy with norgesto-
met. Embryo survival was 84% in control heifers and

cows, but was reduced to 45 or 13%, respectively, when
replacement therapy was delayed for 24 or 36 h.

Evidence for association of embryonic loss with exces-
sive secretion of estrogen during maternal recognition
of pregnancy in beef cows was obtained by Pritchard et
al. (1994). They sampled concentrations of progesterone
and estradiol in peripheral blood during d 14 to 17 after
breeding in over 100 lactating beef cows. Cows were
divided into three groups according to concentrations
of estradiol-17β, the lower quarter, middle half, and
upper quarter, which averaged 1.6, 2.1, and 3.1 pg/
mL of estradiol, respectively, during the 4-d sampling
period. Conception rate to first service by artificial in-
semination declined as concentration of estradiol in-
creased. Mean conception rates were 77, 60, and 42%,
respectively. Numerous studies have been done in
which GnRH or hCG have been used to ovulate or lu-
teinize large follicles during this stage after breeding,
with considerable variation in response. Based on the
review by Lewis et al. (1990), one cannot conclude that
these treatments are routinely valuable.

Given the above information, workers in the NE -
161 regional research project proposed that secretion
of estrogen from a large follicle during d 14 through
17 (or beyond) after breeding can compromise embryo
survival, either directly or through interference with
mechanisms of maternal recognition of pregnancy/lu-
teal maintenance. Further, they proposed that cows
with two waves of follicular development during the
equivalent of an estrous cycle after breeding would have
such a follicle. Ahmad et al. (1997) found that fewer
animals conceived among those that had two (70%)
rather than three (96%; P < 0.05) waves of follicular
development during the equivalent of one estrous cycle
after insemination. Surprisingly, however, concentra-
tions of estrogen in peripheral blood were not greater
on d 14 after estrus and insemination in animals with
two waves than in those with three waves.

It is clear that there is an association of pregnancy
loss during maternal recognition with higher circulat-
ing estrogen in some cases. However, neither the exact
timing of an estrogen effect nor the mechanism by which
estrogen may interfere with the developing embryo
have been established.

Late Embryonic/Early Fetal Mortality:
A Significant Factor in Lactating Dairy Cows
During the Peri-Attachment Period

With the recognition that duration of follicular devel-
opment was a significant factor in determining preg-
nancy rate at synchronized estrus (reviewed by In-
skeep, 2002), numerous protocols to regulate follicular
development have been devised. With such protocols,
it has been possible to program the time of AI, without
detection of estrus and with greater initial rates of preg-
nancy than previous systems (Burke et al., 1996;
Thatcher et al., 1996; Stevenson et al., 1996; Pursley
et al., 1997a,b). However, researchers have noted high
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frequencies of late embryonic and early fetal losses in
several studies, both before (Van Cleeff et al., 1991)
and after d 25 of gestation (Schallenberger et al., 1989;
Kastelic et al., 1991; Van Cleeff et al., 1991; Wolff, 1992;
Smith and Stevenson, 1995). Based on return intervals
exceeding 27 d after breeding, Thatcher et al. (1994)
estimated that late embryonic death rate was 10.6% in
heifers bred at estrus after synchronization with two
injections of PGF2α 11 d apart.

Attachment of the embryo in the uterus is initiated
around d 30 in the cow, with marked development of
the placentomes between d 30 and 40 (Melton et al.,
1951; King et al., 1982). In cows with viable embryos,
imaged ultrasonographically at 25 to 32 d after timed
AI, pregnancy losses until subsequent diagnosis at 50
to 98 d ranged from 14 to 40% (Vasconcelos et al., 1999;
Cartmill et al., 2001; Moreira et al., 2001). Vasconcelos
et al. (1997) found that 10.5% of lactating dairy cows
that were pregnant at 28 d after timed breeding had
lost the pregnancy by d 42 and another 9.7% were lost
by d 98.

Drost et al. (1999) used embryo transfer from super-
ovulated donors to attempt to overcome effects of heat
stress in lactating dairy cows in summer in Florida.
They estimated late embryonic mortality from the dif-
ference in pregnant cows at d 42 and cows with high
progesterone on d 22, which was 65% in cows insemi-
nated artificially and 41% in cows with transferred
embryos.

There are limited data on embryonic death in beef
cows after fixed-time insemination. Bridges et al. (1999)
found that only 1 of 71 cows pregnant at d 39 failed to
calve. They had used timed breeding after progesterone,
PGF2α, and estradiol benzoate. The observations by
Perry et al. (2003) allow consideration of the possibility
that follicle size in cows that underwent timed insemi-
nation after GnRH might affect late embryonic losses,
but the data are tenuous. Thirteen of 43 timed-insemi-
nation cows with small follicles were pregnant at d 27,
but 5 of the 13 (38.5%) lost pregnancy by d 68, leaving
a net pregnancy rate of 19%, whereas no late losses
occurred in 57 pregnant cows with larger follicles (over-
all loss, 6.7%). In the cows inseminated at estrus, 3 of
127 (2.4%) lost pregnancies from first to second diagno-
sis, but their follicle sizes were 12, 14, and ≥16 mm.
These data illustrate that very large numbers of cows
must be sampled to elucidate causes of late embry-
onic mortality.

Four studies have been done in animals that were
inseminated 12 h after detection of estrus. In Brahman
crossbred heifers, fertilization rate was 93% of intact
ova, 78% had intact embryos and 10% had degenerating
embryos on d 16, and 72% were pregnant on d 35 (Smith
et al., 1982). Beal et al. (1992) diagnosed pregnancy by
ultrasonography at 25, 45, and 65 d in 205 beef cows
that initially had 138 viable embryos. Losses were 6.5%
from d 25 to 45 and another 1.5% to d 65. Lamb et al.
(2002) measured embryo mortality in Bos taurus heifers
on three ranches with 169 to 439 heifers per ranch.

These heifers had been inseminated 12 h after they
were first detected to be in estrus in response to an
injection of PGF2α 17 d after withdrawal of MGA, which
had been fed at 0.5 mg/d for 14 d. Conception rates
as determined by ultrasonography at 29 to 33 d after
insemination ranged from 44 to 67%. Of 525 pregnant
heifers, 4.2% did not have viable embryos at palpation
60 to 90 d after the end of the breeding season. Dunne
et al. (2000) measured embryo survival at slaughter on
d 14 as 68%. By ultrasonography at d 30, their estimate
was 76% pregnant, whereas at full term, 71.8% calved,
so that the late embryonic and fetal loss was 4.2 percent-
age points. Thus, they concluded that most losses oc-
curred before d 14 and that losses after d 30 were ap-
proximately 5.5%.

Because initial reports of high rates of late embryonic
and early fetal mortality were in dairy cows insemi-
nated at predetermined times, without detection of es-
trus, it seemed important to determine amounts of preg-
nancy loss in dairy animals that were inseminated in
relation to observed estrus. Starbuck et al. (2004) stud-
ied lactating dairy cows and heifers, including Holstein
and Ayrshire breeds, on two farms on which animals
were inseminated approximately 12 h after observed
onset of estrus or bred naturally. Eleven percent of 211
animals that were pregnant at ultrasonography during
the fifth week after breeding (d 28 to 36) lost the preg-
nancy by wk 9, with 65% of those losses having occurred
by wk 7. No losses were seen in 22 heifers in that study;
after data from three more groups of heifers were added
(M. J. Starbuck, unpublished data, WV Agric. For. Exp.
Stn.), only 2 of 97 heifers lost pregnancy during d 30
to 60. In a larger study of 862 Holstein heifers pregnant
at d 30 after breeding at estrus synchronized by PGF2α,
Alexander et al. (1995) found an average of 5.3% lost
pregnancy by d 60, with no effect of rectal palpation on
pregnancy retention. Rivera et al. (2003a,b) reported 7
to 10% losses from 30 to 65 or 75 d in smaller groups
of Holstein heifers. Finally, in a study of lactating Hol-
stein cows in California, Cerri et al. (2003) found no
difference in loss rates from 30 to 58 d of gestation
between timed-insemination cows (11%) and those in-
seminated at detection of estrus (12.4%). When all of
these studies are considered together, the problem ap-
pears to be most prevalent or of greater magnitude in
lactating dairy cows.

In seven of eight heifers in which embryonic death
occurred between d 25 and 40 postbreeding, Kastelic
et al. (1991) found that the onset of luteal regression,
as detected by ultrasonography, began at least 3 d after
embryonic death, as indicated by loss of heartbeat. In
another study utilizing 70 cows pregnant at d 35 after
breeding, seven pregnancies were lost by d 42. Embry-
onic death in each of the seven cows preceded luteal
regression, detected by ultrasonography and by declin-
ing concentrations of progesterone in milk (Wolff, 1992).
Although late embryonic loss preceded luteolysis, the
possibility that luteal function was compromised before
embryos were lost was not ruled out. Schallenberger et
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Figure 3. Summary of current knowledge of endocrine
factors in late embryonic and early fetal loss in the cow.

al. (1989) observed increased secretion of PGF2α be-
tween d 30 and 36 in pregnant heifers, one of which
had extremely high values and lost the pregnancy. The
placenta may be the source of increased PGF2α because
Eley et al. (1979) found higher total PGF2α in allantoic
fluid on d 33 than on d 27, 30, 40, 50, 60, or 70.

Lulai et al. (1994a) induced a new corpus luteum
(CL) on d 36 to 40 of pregnancy, during progestogen
treatment and after induced regression of the original
CL. When the induced CL was on the ovary adjacent
to the pregnant uterine horn, it was maintained after
progestogen withdrawal and supported the pregnancy.
When the induced CL was on the contralateral ovary,
pregnancy was lost in four of five animals. In later
work, maintenance of pregnancy was examined after
induction of a new CL between d 27 and 54 after breed-
ing (Bridges et al., 2000) in cows in which original CL
had either regressed or been removed earlier and preg-
nancy had been maintained with an exogenous proges-
togen. After induction of new CL, progestogen was with-
drawn gradually. Pregnancy was maintained only if
the new CL was induced on the ovary adjacent to the
embryo. When the new CL was induced later than d
36 after mating, 21 of 21 pregnancies were maintained.
However, when the CL was induced on or before d 36
after mating, only 15 of 30 pregnancies were main-
tained.

In one study, Bridges et al. (2000) removed the origi-
nal CL on d 26 of pregnancy, induced a new CL between
d 28 and 31, and examined patterns of secretion of
PGF2α, progesterone, and estradiol-17β during d 31
through 35. Surprisingly, in cows with greater concen-
trations of PGF2α, an induced CL secreted more proges-
terone and maintenance of pregnancy tended to be
higher. In addition, there was a tendency for more preg-
nancies to continue when concentrations of estradiol
were lower (Figure 3).

The role of prostaglandins in embryonic attachment
has not been elucidated in ruminants, but PGF2α is

important in the comparable process of implantation
in rodents. In the rat, implantation is initiated on d 5
of pregnancy and uterine PGF2α and PGE were in-
creased at that time (Novaro et al., 1996). Treatment
with indomethacin on d 5 of pregnancy in the rat de-
creased the weight of implantation sites and extended
the length of pregnancy (Kennedy, 1977); thus, it was
suggested that treatment with indomethacin delayed
the process of implantation. Similar effects of indometh-
acin were seen in mice and hamsters (Rankin et al.,
1979; Evans and Kennedy, 1978). The effects of prosta-
glandins seem to be due, in part, to changes in endome-
trial capillary permeability, because inhibition of pros-
taglandin secretion reduced uterine uptake of dye in
the rat and the hamster (Kennedy, 1977; Evans and
Kennedy, 1978).

Because lowered concentrations of progesterone and
greater concentrations of estradiol appeared to limit
successful maintenance of pregnancy by a replacement
CL (Bridges et al., 2000), concentrations of progesterone
and estradiol were studied as predictors of pregnancy
maintenance in dairy cows (Starbuck et al., 2004). Se-
rum was assayed for progesterone to determine if the
CL was functional at the time nearest to detection of
embryonic mortality. In most cases in which cows lost
pregnancy, the CL was functional at the last collection
before embryonic or fetal death was detected, so it was
suggested that the embryo died before the CL regressed,
in agreement with Kastelic et al. (1991) and Wolff
(1992). However, pregnancy loss before d 45 (20%) was
greater in cows with the lowest 25% of serum concentra-
tions of progesterone at 28 to 37 d of gestation than in
cows in the middle 50% (3.8 to 5.9 ng/mL) or upper
25%, each of which had only 8% loss. Logistic regression
analysis confirmed this relationship. Pregnancy loss
after d 45 was not related to concentrations of progester-
one on either d 28 to 37 or d 45 to 51.

Based on classification of concentrations of estradiol
into the upper 25, middle 50, and lower 25% of observed
values, and analysis by χ2, retention of pregnancy to
wk 7 of gestation increased with increasing concentra-
tions of estradiol at wk 5 (Starbuck et al., 2004). Reten-
tion of pregnancy to wk 9 was not associated with con-
centrations of estradiol at wk 5 or 7. When evaluated
by logistic regression, retention of pregnancy was not
associated with concentrations of estradiol at either wk
5 or 7. These data are in contrast to the relationship
reported by Bridges et al. (2000) in cows with replace-
ment corpora lutea.

Thus, embryonic mortality after maternal recogni-
tion of pregnancy and during placentation is a signifi-
cant problem in the dairy cow. It is associated with
lower progesterone during d 28 to 37 (Figure 3). Lower
progesterone could be due to reduced secretion of pro-
gesterone by the CL, or to greater metabolism of proges-
terone, as pointed out earlier.

Conclusions

Embryonic mortality is a factor that significantly lim-
its the success of establishment and maintenance of
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pregnancy in cattle. Some causes and mechanisms in-
volved in loss of embryos have been elucidated and
much of success or failure appears to depend on circulat-
ing concentrations of progesterone at specific time
points and changes in other hormones as a consequence
of patterns of progesterone. These factors are expressed
in the luteal phase immediately before estrus, during
d 4 through 8 after estrus, during maternal recognition
of pregnancy on d 14 through 17 after estrus, and during
the late embryonic/early fetal period, between d 28 and
42 to 50. Early embryonic, late embryonic, and early
fetal losses appear to be greater in lactating dairy cows
than in beef cattle and dairy heifers.

Implications

Both producers and researchers must be aware that
the management required to maximize fertility in the
cow is not simple. Very high fertility was observed in
all animals in studies that involved frequent ultrasono-
graphic scanning, careful observation of the cows, and
breeding in relation to observed estrus. Based on these
data, the continuing value of close observation for es-
trus in an artificial insemination program should be
emphasized in educational programs. Treatments for
synchronization of estrus must provide high progester-
one, keep luteinizing hormone and estradiol low during
treatment, and lead to development of a highly func-
tional corpus luteum after mating. The reduction of
luteolytic influences—such as excesses of prostaglandin
F2α or estradiol-17β early after mating, during maternal
recognition of pregnancy, and during the late embryonic
period—is important. Management systems designed
to limit the metabolism of progesterone are needed dur-
ing the estrous cycle before breeding as well as in
these periods.
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