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ABSTRACT

INDUCTION OF FERTILE ESTRUS DURING SEASONAL ANESTRUS IN
EWES AND FALL BORN EWE LAMBS

Marlon Knights

The quantity of progesterone (P4) delivered by a new P, releasing
intravaginal insert (polycapralactone [PCL] insert), was inadequate to increase
serum concentrations of P, to that observed in cycling ewes during the luteal
phase. Percentage of ewes in estrus was greater in P, treated than in control
ewes. Estrous response was greater after treatment with P4 for 5 than for 12 d.
Progesterone increased the percentage of ewes lambing to both service periods
by 20 percentage points. Prolificacy to the first service period in ewes treated
with FSH was greater than the prolificacy in control and all ewes lambing to the
second service period. Treatment with P4 for 5 d was as effective as for 12 d to
induce fertile estrus in FSH-treated anestrous ewes.

In the second experiment, a 5 d pre-treatment with P, prior to ram
introduction induced estrus in anestrous ewes. The estrous response varied
guadratically with time after ram introduction, and the conception rate varied
quadratically with the time of observation of onset of estrus. Progesterone
treatment increased the percentage of ewes lambing and the number of lambs
born per ewe exposed over that observed in ewes introduced to rams alone.
Prolificacy to the first service tended to be greater in FSH treated ewes than in
ewes receiving P4 alone and all ewes lambing to the second service period.

In the third experiment, ram introduction by itself but not P, pre-treatment
alone induced an increase in LH secretion, follicular development, an LH surge
and ovulation in fall-born ewe lambs. Progesterone delayed the RI LH surge, an
effect that was prevented by the administration of estrogen 24h after P4
withdrawal. Progesterone pre-treatment for 5 days prior to ram introduction
resulted in the expression of estrous behavior in a small percentage of fall-born
ewe lambs. Estrogen increased the percentage of P4 pre-treated ewes displaying
estrus. Poor reproductive performance of fall-born ewe lambs treated with P4
and exposed to rams during anestrus is not due to the inability of rams to induce
ovulation but may be related to a reduced secretion of or sensitivity of behavioral
centers to estrogen.
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REVIEW OF LITERATURE

Characterization and regulation of seasonal anestrus in the ewe.

The ewe is a seasonally polyestrous animal. Seasonality of reproduction
is geared towards the synchronization of reproductive functions with annual
changes in the environment. Synchronization of these events is, therefore,
important to the survival of the species. In the case of the sheep, the time of
breeding activity and conception complement the gestation period such that
parturition occurs in the spring - a time when environmental conditions are most
favorable to the survival of the dam and the newborn.

Seasonality of reproduction in the ewe is characterized by both changes in
the occurrence of estrous activity and in the ovulation rate. The percentage of
ewes displaying estrus is higher during the late summer, fall and early winter
months (McKenzie and Terrill, 1947; Hafez, 1952; Dermody et al.,, 1970;
Mallampati et al., 1971). For example, nearly all Targhee ewes display estrus
during September through February. The percentage of ewes displaying estrus
then declines from March through June when only 10% of ewes display estrus
followed by a gradual increase as the breeding season approaches (Mallampati
et al.,, 1971). The ovulation rate follows a similar pattern, being highest during
the breeding season (September and October) and lower during transition
periods with the lowest values occurring during anestrus (Dermody et al., 1970;

Mallampati et al., 1971; Hulet et al., 1974; Hall et al., 1986).



At the hypothalamic-pituitary axis, seasonal changes in reproductive
activity are paralleled by and are a consequence of changes in the secretion of
GnRH (Barrel et al., 1992) and LH (Yuthasastrakosol et al., 1975; Scaramuzzi
and Baird, 1977; Goodman et al., 1982). A slowing down in the secretion of LH
during anestrus is thought to be primarily due to an increase in the sensitivity to
the negative feedback effect of estradiol (Legan et al., 1977; Legan and Karsch,
1980), although a minor steroid independent mechanism may also exist
(Goodman et al., 1982). The mechanism by which the increased sensitivity to
estradiol is achieved and the sites of its actions have not been elucidated.
However, the activation of inhibitory a-adrenergic and dopaminergic neurons
may be involved (Goodman and Meyer, 1984; Meyer and Goodman, 1985;
Havern et al., 1994; Lehman et al., 1996).

Daylength sets both the timing and the duration of the breeding season
(Karsch et al., 1984). Marshall (1937) observed that when ewes were transferred
across the equator the annual reproductive cycle shifted in accordance with the
seasonal swings in photoperiod and other environmental variables in the new
location. Atrtificially reversing the photoperiod such that ewes are exposed to
results in an accompanying reversal in the annual reproductive cycle (Yeates,
1949; Thwaites, 1965; Wodzicka-Tomaszewska et al., 1967). These findings
also demonstrated that light is the cue that caused this response and that
decreasing and increasing daylength is associated with reproductive induction

and arrest, respectively.



The mechanism by which daylength is perceived have been reviewed
previously (Karsch et al., 1984; Goodman, 1994). A retinohypothalamic tract that
projects from photoreceptors in the retina to the suprachiasmatic nuclei (SCN)
has been identified (Legan and Winans, 1981). The pathway from the SCN
includes the paraventricular nucleus (PVN) and superior cervical ganglion (SCG)
which in turn innervates the pineal gland. The pineal gland does not send
projections to other parts of the central nervous system but responds to darkness
and light with increases and decreases in melatonin secretion (Goodman, 1994).
The involvement of components of this system in the annual reproductive cycle in
sheep has been demonstrated in experiments involving orbital enucleation and
pinealectomy. In both cases the timing and synchrony of reproductive cycles
were disrupted (Legan and Karsch, 1983; Bittman et al., 1983; reviewed in
Karsch et al., 1984; Goodman, 1994). Administration of melatonin that mimics
the seasonal changes in secretion could effectively time and synchronize the
occurrence of reproductive cycles in pinealectomized ewes (Karsch et al., 1984).
The exact mechanism through which melatonin acts to regulate the

hypothalamic-pituitary axis is unknown.

Factors that Influence the Occurrence of Reproductive Cycles in the Ewe
Whisnant and Inskeep (1992) reviewed the factors influencing the duration
of the breeding season and seasonal fluctuations in ovulation rate. This review

will merely highlight some of these factors.



Breed/type and place of origin

In general breeds originating from the tropics and Mediterranean region
and those with a large percentage of Merino blood have longer breeding seasons
than breeds from temperate latitudes (Whisnant and Inskeep, 1992). However
notable exceptions to this generalization occur as in the case of the Dorset
(Hafez, 1952) and Finn sheep (Wheeler and Land, 1977). Further, as noted by
Whisnant and Inskeep (1992), large variations within breeds and among
locations and years exist. These variations may be related to other factors that
impact on the duration of the breeding season including latitude of the study,
age, nutrition and lactation status, and presence of rams. Variations among
breeds with respect to the duration of the breeding season have been exploited
to improve the fertility of ewes bred out-of-season. Duration of seasonal
anestrus was reduced from over 3 to less than 1 month with more than 83% of
ewes exhibiting estrus in May, June and July in a subset of ewes comprising ¥2
Dorset, ¥4 Rambouillet and ¥ Finn sheep (Al-Shorey and Notter, 1997; Vincent et

al., 2000).

Nutrition and lactational status

Fertility is low when ewes are bred during lactation particularly if the
lactation period is coincident with the anestrous period (Cognie et al., 1975).
More than 70% of ewes lambing in the fall re-breed by 44 days postpartum. In

comparison only 23% of spring lambing ewes re-breed, with a mean interval to



first estrus of 66 days postpartum (Whiteman et al., 1972). The authors also
observed that more non-lactating (50%) than lactating ewes (23%) conceive
during the spring, however an effect of lactation status was not observed on
postpartum re-breeding in the fall. Rhind et al. (1980) studied ewes lambing in
the fall or late winter that were synchronized such that mating occurred during
March or December. The authors observed that more than 88% of ewes from
which lambs had been weaned before mating, lambed to the induced estrus
regardless of month of mating. In contrast, lactating ewes had a lower lambing
rate (49%), which was exacerbated in March when only 33% of lactating ewes
lambed to the induced estrus. In another study the authors observed that 55% of
weaned ewes lambed to the induced estrus in July compared to only 34% of

lactating ewes.

Age

Ewe lambs have a shorter breeding season than mature ewes (Cole and
Miller, 1935; reviewed by Berardinelli, 1979). Dyrmundson (1973) suggested that
the first breeding season of ewe lambs is centered within two weeks of the
shortest day of the year. Regardless of date of introduction of rams, spring born
ewe lambs were first mated late October to early November (Dyrmundson and
Lees, 1972; Al-Mauly et al., 1991). Therefore, the first breeding season of ewe
lambs is shorter because of a later start and an earlier conclusion. Further, while
genetic selection may extend the breeding season of ewes, these improvements

are not observed in ewe lambs or yearlings (Notter, 1992).



Methods that Alter the Occurrence of Reproductive Cycles in the Ewe

The different approaches to out-of-season breeding have been extensively
researched and documented and include the ram-effect (Signoret, 1990; Oldham
and Fisher, 1992), melatonin treatments (Stellflug, 1992), progestogen pre-
treatments and ram introduction (Kiesler et al., 1992; Wheaton et al., 1992; 1993)
and photoperiod manipulation (Kennaway et al., 1987; Ortavant et al., 1988).
This review will focus primarily on the use of ram introduction - the ‘ram-effect’
with or without progestogen pre-treatments in breeding ewes out-of-season. The
special case of fall born ewe lamb and maiden yearlings will be considered

separately.

The ram-effect

Early reports by Underwood et al. (1944) indicated that the anestrous
period in Merino ewes could be broken by introduction of rams. Schinckel (1954)
later demonstrated that the abrupt introduction of rams to ewes could induce

ovulation.

The endocrine response A pivotal step in the induction of ovulation is the
sustained increase in tonic LH secretion that stimulates the final stages of

follicular maturation, and increases secretion of estrogen needed to trigger the



LH surge (McNeilly et al., 1982; Goodman, 1994). Release of LH from the
anterior pituitary is in turn under the control of GnRH, released from the
hypothalamus. Thus, GnRH release from the hypothalamus is synchronous with
and causes the release of LH (Clarke and Cummins, 1982; Levine et al., 1982).
In the anestrous ewe GnRH/LH pulses are released very infrequently
(Scaramuzzi and Baird, 1977; Goodman et al., 1982; Barrel et al., 1992) due to
the increased sensitivity of the hypothalamus to the negative feedback effects of
estrogen (Legan et al., 1977; Legan and Karsch, 1980; reviewed by Karsch et al.,
1980a).

Although it was originally suggested that ram introduction might directly
trigger the preovulatory surge of LH (Knight et al., 1978; Oldham et al., 1978/79),
it is now apparent that it results in increased tonic LH secretion, which probably
induces events of a typical follicular phase (Martin et al., 1983). Introduction of
novel rams results in a rapid increase in tonic LH secretion (Martin et al., 1980ab;
1983; Atkinson and Williamson, 1985), presumably as a result of increased GnRH
secretion, which in turn may drive follicular development (Atkinson and
Williamson, 1985). It is hypothesized that the increase in LH pulse frequency
and increase follicular development induces a rise in the concentration of estradiol
sufficient to trigger the LH surge (Goodman, 1994). This hypothesis is supported
by the observation that the ram-induced increases in LH pulse frequency require
the presence of the ovaries (Martin et al.,, 1983). The delay between the
introduction of rams and the onset of the LH surge is generally 24-30h, but this

timing has varied from 12-40 h among experiments (reviewed in Martin et al.,



1986). Although estradiol can induce an LH surge within 6-8 h in anestrous ewes
(Goding et al., 1969), it is possible that the earliest surges induced by introduction
of rams are not the result of the positive feedback system, as insufficient time is
available for the increase in estrogen. Added to this, is the seemingly lower
responsiveness of follicles to gonadotropin stimulation (Legan et al., 1985; Noél et
al., 1999), which might limit the synthesis of estradiol to ram-induced increases in
secretion of gonadotropins. Martin et al. (1986) also noted that the period of
follicular growth following ram introduction (the period from ram introduction to the
LH surge, 36 h) is far shorter than the follicular phase of normally cycling animals
(60 to 70 h; Chamley et al., 1972). Martin et al. (1980b) advanced the possibility
that these early surges are a result of excessive stimulation of tonic LH secretion
by the rams. Speculation about whether the ram-induced LH surge in anestrous
ewes is a result of the typical estrogen feedback system probably exist due to lack
of a direct measurement of the estrogen profile (Martin et al., 1986). Further, the
increase in basal concentration of LH and LH pulse frequency that drives follicular
development may be short-lived, as values return to pre-ram introduction
concentrations by 24-40 h (Atkinson and Williamson, 1985). Therefore, it is also
possible that an increase in the sensitivity of LH surge system to estradiol rather
than an increase in circulating estrogen may be responsible for triggering the LH
surge (Oldham et al., 1978/79).

The exact mechanism by which ram introduction results in increased LH
secretion in anestrous ewes is not known. Disruption of the estradiol negative

feedback system seems likely (Martin et al., 1983; Goodman, 1994), as the ram-



induced increase in LH pulse frequency is observed in estradiol-treated but not in
untreated ovariectomized ewes (Martin et al., 1983). Inhibitory catecholaminergic
neurons probably mediate the negative feedback effects of estrogen in anestrous
ewes (Havern et al.,, 1994; reviewed by Lehman et al.,, 1997). Thus, the
suppression of the inhibitory catecholaminergic neuronal systems is a possible
mechanism by which the ram effect may induce increase LH secretion (Goodman,
1994). Therefore, the ram effect induces a follicular phase (Martin and
scaramuzzi, 1983) by blunting the actions of inhibitory photoperiod, allowing ewes

to temporarily revert to the breeding season condition.

Follicular development and ovulation. Little data exist on follicular
development during the ram-induced follicular phase. Atkinson and Williamson
(1985), reported an increase in the number of small, large and total follicles and a
decrease in the number of medium sized follicles during the first 40h after ram
introduction. Increased follicular development was also observed during the first
20 days after ram introduction.

The interval from the onset of the LH surge to ovulation is 22-26 h
(Cumming et al., 1973). This interval may be shortened by the presence of the
ram (Martin et al., 1986). Most ewes ovulate within 50h of ram introduction
(Oldham et al., 1978/79; Atkinson and Williamson, 1985; Martin et al., 1986),
unless the LH surge is delayed, as occurs with progesterone pre-treatment
(Martin et al., 1981; Pearce et al., 1985). The ovulation rate of seasonally

anovulatory ewes responding to the ram effect is higher than that of flock mates
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spontaneously ovulating during the same time of the year (Pearce et al., 1984,
Martin et al., 1986). The reported ovulation rate responses to ram introduction
are inconsistent probably due to other factors such as nutritional status that also
impact on ovulation rate (Martin et al., 1986). Further, comparisons are difficult
to make because of several studies that used animals that were pre-selected, or
where the ovulation rate was measured at ovulations subsequent to the first ram-
induced ovulation.

Corpora lutea from the ram-induced ovulation either persist for the length
of a normal luteal phase or regress prematurely. Ewes with a normal luteal
phase subsequently display estrus with ovulation about 18-19 days after initial
ram introduction. Corpora lutea with a short-lifespan regress 5-6 days after
ovulation. This is followed by another silent ovulation in most ewes. The interval
between the first and the second LH surges in these animals is approximately 5.1
+ .9 days (Pearce et al., 1985). The length of the resultant luteal phase is normal
with ovulation and accompanying estrus occurring for the first time about 24 days

after initial ram introduction (Oldham and Fisher, 1992).

The male cue. Watson and Radford (1960) suggested that scent from the male
was the most important sensory cue. In support, Knight and Lynch (1980)
demonstrated that fleece and ante-orbital wax from rams was sufficient to induce
ovulation in anestrous ewes. Two olfactory systems, the main and accessory
(vomeronasal) systems are capable of conducting sensory inputs to the central

nervous system. Vomeronasal cauterization and vomeronasal nerve section
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operations that spared the main olfactory system failed to inhibit the increased
LH response of ewes to the odor of the male (Cohen-Tannoudji et al., 1989).
Therefore, in the ewe the main olfactory system is sufficient for conducting the
smell/pheremonal stimuli to the central nervous system. Induction of LH
secretion by the fleece (Knight and Lynch, 1980), ethanol or methylene extracts
of the fleece of intact rams (Signoret, 1990) and the hair of male goats (Over et
al., 1990) supports the concept that visual and physical components of
perception of the ram are not essential. However, some data exist implicating
the involvement of these senses in generating the response. For example,
olfactory bulbectomy which destroys the main and accessory systems failed to
prevent the increase in luteinizing hormone (LH) release in response to
introduction of intact males but did inhibit LH secretion in response to ram’s
fleece stimulation in anestrous lle-de-France ewes (Cohen-Tannoudji et al.,
1986).

The neurons of the main olfactory bulbs project to the olfactory cortex.
From the olfactory cortex, efferent fibers innervate the hypothalamus via the
amygdalae and the fornix (Martin et al., 1986). Thus, a pathway exist through
which pheromones detected by the olfactory mucosa can be transduced to the

hypothalamus and stimulate the secretion of GnRH.

Factors affecting the response of anestrous ewes to ram introduction. The
factors affecting the response of anestrous ewes to ram introduction have been

reviewed (Matrtin et al., 1990; Tilbrook and Cameron, 1990; Oldham and Fisher,
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1992). Isolation of ewes from the rams for at least one month prior to
introduction is the generally accepted practice, although precise requirements of
this isolation period have not been determined (Oldham and Fisher, 1992).
Pearce and Oldham (1988) noted that separation of rams with a clear fence line
was sufficient to prevented ovulation in ewes from which lambs were recently
weaned but not in long-term (= 2 months) open ewes. Oldham and Fisher (1992)
suggested that a process of habituation occurs, where rams loose their ability to
stimulate increased secretion of LH from ewes after joining. If habituation occurs
after the first induced estrus, then ewes become anovular again before ever
displaying estrus (Oldham and Cognié, 1980; Philips et al. 1984). Introduction of
a novel ram induces ovulation in some previously un-stimulated and some
habituated ewes (Pearce and Oldham, 1988).

The post-partum interval might be important. Only 4% of ewes 12 + 6
weeks postpartum had ovulated 4 days after ram-introduction compared to 89-
95% of ewes tested 65 days later (Pearce and Oldham, 1988). Further,
Geytenbeek et al. (1984) observed a near linear increase in the percentage of
ewes ovulating in response to ram-introduction between 0 and 50 days
postpartum.

The stage of anestrous, as reflected by the percentage of spontaneously
ovulating ewes in the flock, also influences the response of a flock to ram
introduction (Lindsay and Signoret, 1980; Oldham and fisher, 1992). Lindsay
and Signoret (1980) showed that the percentage of ewes ovulating in response

to ram introduction was positively correlated with the proportion of the flock
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ovulating spontaneously. However, exceptions to this rule do occur. Pearce and
Oldham (1988) observed an ovulatory response to ram introduction in 98% of
ewes from flocks in which only 4% of the ewes were ovulating spontaneously.

Breed/strain differences of both the rams and ewes affect the ovulatory
response. Ram introduction can induce ovulation throughout the anestrous
period in Merino, but only near the end of the anestrous season in the lle de
France (Oldham, 1980) and Romney ewes (Edgar and Bilkey, 1963). Dorset
rams are more effective than Romney rams at stimulating Romney ewes to
ovulate upon introduction (Tervit et al., 1977). Dorset rams have a lower
concentration of testosterone than Romney rams, therefore the ram effect is not
directly related to peripheral concentration of this steroid (Tervit et al., 1977,
Oldham and Fisher, 1992), although testosterone is needed for the production of
the pheromone that induces the ram-effect (Fulkerson et al., 1981; Signoret et
al., 1982).

Cohen-Tannouji et al. (1986) reported that ewes with surgically ablated
olfactory bulbs displayed similar LH responses to rams as intact controls. This
suggests that behavioral stimuli may be important in the ovulatory response to
ram introduction. Perkins and Fitzgerald (1994) identified rams with low and high
sexual performance based on the number of mounts and ejaculations achieved
over a 30-minute exposure to estrous synchronized ewes. The authors observed
that a greater percentage of anestrous ewes ovulated when exposed to high
performance (95%) than low performance (78%) rams. Rosa et al. (2000)

reported that rams pre-treated with melatonin had higher concentrations of
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testosterone, showed greater sexual activity and induced more ewes to ovulate
(56 %) than untreated rams (24%). Similarly, in goats, bucks exposed to a long
day photoperiod during late winter and then treated with melatonin showed
greater sexual activity than untreated bucks when introduced to does during the
anestrous period. Treated bucks stimulated ovulation and estrous behavior in all
females (40/40) within the first 11 days, while none of the females exposed to
untreated bucks displayed estrous behavior and only 2 of 34 ovulated (Flores et
al. 2000).

A complex interaction exists with respect to the effect of nutritional status
of the ewe on the ovulatory response to ram introduction. The percentage of
ewes responding to ram introduction with ovulation was greater in ewes on a
high than low plane of nutrition during autumn and early winter. However,
flushing with lupin grains significantly decreased the ovulatory response in ewes
on a long-term low plane of nutrition (Oldham and Fisher, 1992). Fogarty et al.
(1992) observed a decline in estrous response and an increase in the interval
from lambing to first estrus in flushed ewes of — 0.2 % and 1.3 days, respectively
per kg gain in live weight.

The capacity for the male to induce ovulation might be affected by the age
of the female. In general the response of ewe lambs and yearlings to
introduction of rams is variable and typically worse than that observed in ewes

(Oldham and Fisher, 1992).
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Progestogen Pre-treatment.

Dutt (1953) first used progesterone in combination with equine chorionic
gonadotropin (eCG) to induce estrus and ovulation in seasonally anestrous
ewes. Since then, several treatment combinations using different progestogens
and gonadotropins at varying dosages have been evaluated (Gordon, 1958;
1963bcde; Lindsay et al., 1967; Robinson et al., 1967b; Robinson and Smith,
1967;). The results from these studies have been less than satisfactory and
fertility of the ewe bred out-of-season continues to be lower than that observed
during the normal breeding season. Progesterone plays a multitude of roles in
reproduction. This review will focus on specific roles that progesterone plays in

the stimulation of fertile estrus in anestrous ewes.

Role of progestogens in the display of behavioral estrus. In anestrous ewes
the first ram-induced ovulation is not accompanied by estrus. However, if a
second ovulation is induced 16 days later, estrus is exhibited (Cole and Miller,
1933). Early studies indicated that progesterone blocks the inductive effect of
estrogen on estrus (Dutt and Casida, 1948). Since then, several authors have
demonstrated stimulatory roles of progesterone pre-treatment on sexual behavior
(Robinson, 1950; 1954abc; 1955; Scaramuzzi et al.,, 1971; Fabre-Nys and
Martin, 1991 and others). The occurrence of estrus with ovulation in response to

gonadotropin during anestrus is dependent on the presence and age of a CL in
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the ovary at the time of treatment (Hammond Jr., et al., 1942; Robinson, 1950).
Robinson (1954b) observed a greater estrous response in ewes pre-treated with
progesterone at all doses of estrogen used. Further, progesterone pre-treatment
reduced the minimal dose capable of stimulating an estrous response and
advanced the time to onset of estrous behavior. In another study using maiden
Romney Marsh ewes during seasonal anestrus, Robinson (1955), observed
estrous behavior in all progesterone pre-treated ewes receiving estrogen (25 ug)
or estrogen and eCG (1000 i.u.). Ewes receiving similar doses of estrogen or
estrogen and eCG but without progesterone pre-treatment did not show estrous
behavior. Fabre-Nys and Martin (1991) confirmed and extended the earlier
findings of Robinson (1954abc; 1955). The authors observed that progesterone
pre-treatment increased the proportion of ovariectomized ewes showing estrus,
decreased the time from estradiol treatment to the onset of estrus, increased the
duration of estrous behavior, and increased the intensity of the receptivity
displayed by ewes.

Repeated injections of estrogen reduce the proportion of ewes showing
estrous behavior (Robinson, 1954b; Scaramuzzi et al., 1972). The percentage of
ewes displaying estrous behavior after the second of two estrogen injections
administered 19 days apart was greater when ewes were treated with
progesterone between days 5 and 11 (Fabre-Nys and Martin, 1991), indicating
that progesterone treatment following estradiol administration and prior to a
subsequent administration prevents the estrogen-induced desensitization.

Apparently progesterone need not be present immediately prior to estradiol
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administration (Moore and Robinson, 1957), because ewes expressed estrus in
response to estrogen treatment even though they were last treated with

progesterone eight days before (Fabre-Nys and Martin, 1991).

Role of progestogens in the maintenance of the first CL induced in
anestrous ewes. The CL from the ram-induced ovulation (Oldham and Martin,
1978/79; Pearce et al., 1985; Martin et al., 1986; Oldham and Fisher, 1992) or
administration of GnRH (Crighton et al., 1975; Haresign et al., 1975; Mcleod et
al., 1982ab) or LH (McNeilly et al., 1982) to anestrous ewes regresses
prematurely in at least 50% of all ewes. Progesterone pre-treatment prior to
induction of ovulation prevents the early demise of the CL, irrespective of
whether the length of progesterone is administered for 10-14 days (Oldham et
al., 1980; Martin et al., 1981; McLeod et al. 1982a) or as a single i.m. injection
(Cognie et al., 1982; Oldham et al., 1985). The minimal effective dose and
duration of exposure to progesterone may be related (Martin et al., 1986). The
minimal duration of progestogen exposure prior to ram introduction that will
completely prevent short cycles is 24 h (Martin et al., 1986). A single injection of
progesterone (20 mg i.m.) at (Cognie et al., 1982; Oldham et al., 1985) or up to 5
days prior to ram introduction (Cognie et al., 1982; Oldham et al., 1985; Martin et
al., 1986) will prevent short cycles. This dosage of progesterone is capable of
elevating serum concentrations of progesterone to greater than 1 ng/ml for at
least 30 hours (Pearce et al., 1985), equivalent to the minimal duration of

progesterone needed.
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Several hypotheses were forwarded to account for this effect of
progesterone. Pearce et al. (1985) observed that progesterone treatment (20
mg) at ram introduction or 24 h prior to GnRH administration reduced the
occurrence of short-lived CL. Administration of progesterone was associated
with a delay in the LH surge leading the authors to speculate that progesterone
priming allowed the developing follicle longer exposure to gonadotropins, which
in turn increased the functional capacity of the CL. The duration (~ 34 h) from
ram introduction to the onset of the LH surge was similar in ewes treated with a
single injection of progesterone 3 or 5 days before ram introduction and in
untreated ewes. However, treatment with progestogens totally prevented the
occurrence of short-lived CL (Martin et al. 1986). Apparently, progesterone was
preventing the premature regression of the CL by some other mechanism apart
from delaying the LH surge.

In another study, Hunter et al. (1986) observed that follicles recovered
around the time of the initiation of the GnRH-induced LH surge from
progesterone pre-treated ewes showed a greater estradiol secretion and hCG
binding in vitro compared to follicles from ewes that were not pre-treated. The
authors suggested that inadequate luteal function in anestrous ewes induced to
ovulate might be due to a poor response to the LH surge probably due to
problems in the final maturational stages of the follicle.

Southee et al. (1988b) provided evidence for the role of the uterus in
short-lived CL from anestrous ewes. Progesterone pre-treatment increased the

percentage of anestrous ewes having normal CL lifespan form 40 to 100%,
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however all hysterectomized ewes irrespective of progesterone pre-treatment
had a CL that was maintained for at least 21 days. The authors suggested that
uterine derived PGF,,, was responsible for the premature regression of CL
induced in anestrous ewes without progesterone pre-treatment. Hu et al. (1991)
observed short luteal phases in unilaterally hysterectomized ewes in which
ovulation occurred exclusively on the ovary ipsilateral to the remaining uterine
horn, but not in ewes with at least one CL in the ovary contralateral to the
remaining horn. The CL ipsilateral to the remaining horn weighed less and
contained less progesterone than the contralateral CL. These findings thus
supported those of Southee et al. (1988) of a uterine involvement in the
regression of the induced CL. However the serum concentration of PGFM did
not differ among treatment groups.

Hunter et al. (1989) provided evidence for the direct involvement of PGFyq
in the premature demise of the induced CL in anestrous ewes. They observed
that ewes in which the progesterone profile remained elevated following GnRH-
induced ovulation (i.e. all progesterone pretreated and some untreated ewes)
had a lower concentration of PGFM between day 3 and 5 compared to ewes that
had a premature decline in progesterone secretion. Ewes treated with flunixin
meglumine, a PGF,, synthetase inhibitor, every 12 h from 3 to 6 days after ram
introduction showed decreased PGFM pulses, a reduced number of short cycles,
and had a single peak in estrous activity 15-16 d after ram introduction
(Lassoued et al., 1997). The authors concluded that premature release of PGF,q

was the cause of early luteal regression.
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While comparisons of concentration of PGF,, between progesterone pre-
treated and untreated ewes following induced ovulation has not been done,
studies in the cow suggest that progesterone prevents the occurrence of short-
lived CL by preventing the increase in uterine PGF,, associated with induced CL.
Cooper et al. (1991) observed that treatment of early post partum cows with the
progestogen, norgestomet, for 9 days prior to induction of ovulation with hCG
resulted in luteal life spans of normal length. Additionally, lower concentrations
of PGFyq4 in the posterior vena cava were observed between days 4 through 9 in
cows pre-treated with the progestogen compared to controls. In another
experiment, early postpartum cows that were treated with norgestomet the
authors observed a rise in PGF,, on d 3 to 5 after the commencement of
progestogen treatment but not in controls. They concluded that the post-partum
uterus increases secretion of PGF,q very early after first exposure to endogenous
or exogenous progestogen. Similarly, in the anestrous ewe progesterone pre-
treatment may cause an early rise in PGF,q prior to ovulation and/or before the

CL becomes susceptible to the luteolytic effects of PGFy,.

Effect of progestogen pre-treatment on the hypothalamic pituitary axis
during anestrous. Ovulation and estrus followed by at least one normal luteal
phase is observed in anestrous ewes pre-treated with progestogens prior to ram
introduction or administration of gonadotropins. The role(s), if any that
progesterone pre-treatment plays in the resumption of ovulatory activity

independent of the “ram-effect” has not been established. The critical step in the
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ovulatory process is the sustained increase in tonic GnRH secretion that drives
increases in tonic LH secretion, which in turn stimulates final follicular maturation
and the enhanced estradiol production that triggers the pre-ovulatory LH surge
(Baird and Scaramuzzi, 1976; Haugher et al., 1977; Karsch et al., 1980b;
Goodman, 1994). In the cyclic ewe this increase in GnRH/LH secretion is
initiated at progesterone withdrawal following luteolysis.

Progesterone is a potent negative feedback hormone on gonadotropin
secretion in the cyclic ewe (Baird and Scaramuzzi, 1976; Karsch et al., 1979;
1980b), and suppresses GnRH/LH pulse frequency (Karsch et al., 1980b), estrus
(Scaramuzzi et al., 1971) and ovulation (Dutt and Casida, 1948; Karsch et al.,
1980b). This inhibitory effect of progesterone on the hypothalamic-pituitary axis
is reflected in an increase in the interval from estrogen administration (Fabre-
Nys and Martin, 1991), or ram introduction (Pearce et al., 1985) to the LH surge.
The delay to the initiation of the LH surge in progesterone pre-treated ewes
resulted in a closer association of the LH surge with the display of estrous
behavior than in ewes treated with estrogen alone (Fabre-Nys and Martin, 1991).

Progesterone priming might have a stimulatory effect on GnRH/LH
secretion via at least two mechanisms. As indicated before, the seasonal decline
in reproductive activity in the ewe is believed to be due to an increase in the
sensitivity to the negative feedback effects of estradiol (Legan et al., 1977). |If
progesterone pre-treatment decreases the negative feedback effect of estradiol
on the hypothalamic-pituitary axis then an escape from the inhibitory effects of

estradiol may occur leading to increase GnRH/LH secretion. Barrel et al. (1992)
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provided evidence against this hypothesis. Administering progesterone implants
for 9 days induced an artificial luteal phase, but the authors did not observe
increases in GnRH or LH pulse frequencies following withdrawal of implants. A
major limitation in this study was the time at which blood samples were collected
(44-50 h after withdrawal). This period could theoretically be after any induced
changes in the GnRH/LH secretion patterns, thus precluding the detection of
increases in gonadotropin secretion.

Progesterone pre-treatment might also affect the GnRH/LH surge. Using
an artificial model of the follicular phase in ovariectomized ewes during the
anestrous season, Caraty and Skinner (1999), observed that progesterone pre-
treatment was necessary for the full expression of the estrogen-induced GnRH
surge. However, although a delay in the initiation of the LH surge was observed,
neither the amplitude nor the duration of the surge was affected, an observation
previously reported by (Fabre-Nys and Martin, 1991). The foregoing discussion
thus leads to the suggestion that progesterone pre-treatment delays the
occurrence of the LH surge in response to estrogen or ram introduction and may
amplify the estrogen-induced GnRH surge. Unlike the situation during the
breeding season, progesterone treatment and withdrawal alone, does not modify
the secretion of gonadotropins. However the latter needs further investigation as
previous measurements were conducted long after progesterone withdrawal and

possibly after the occurrence of an LH surge.
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Types of progestogens. Adoption of the use of progestogens for the control of
the estrous cycle of the ewe and induction of estrus in anestrous ewes required
simplification of the progesterone injection procedure, development of a sharp
end-point to progestogen treatment and an understanding of the factors that
affect fertility (Robinson, 1967). Development of intravaginal pessaries for the
application of progestogens, the first two objectives could be met. However
owing to the problems associated with the incorporation of adequate amounts of
progesterone in sponges a need existed for the development of progestogens
that were more active than progesterone but with similar physiological effects
including a short and predictable duration of activity (Robinson, 1967). In a
series of experiments Robinson and coworkers evaluated the effectiveness of
several such progestogens. Robinson et al. (1967a) evaluated the effectiveness
of five progestogens on the control of estrus and ovulation when used in
intravaginal sponges during spring. The authors reported that the most effective
were SC-9880 (fluorogestone acetate (FGA); 17 a-acetoxy-9a-fluoro-11[3-
hydroxypregn-4-ene-3, 20-dione; 10-40mg), which was 25 times more potent
than progesterone, MAP (17 a-acetoxy-6a-methylpregn-4-ene-3, 20-dione; 20-80
mg), and SC-9022 (17-B-hydroxy-21-methyl-21-methylene-19-nor-17a-pregn-4-
en-3-one; > 80 mg). These progestogens induced estrus in 85 % of ewes days
after sponge withdrawal, and 43 percent of ewes lambed to Al at the induced
estrus.

Lindsay et al. (1967) observed that treatment with daily progesterone

injections or feeding MAP were equally effective in blocking estrus during the
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treatment period (98%), but more ewes synchronized with progesterone
displayed estrus within 7 days (80.3%) than ewes synchronized with MAP
(58.3%). More MAP than progesterone-synchronized ewes ovulated without
displaying estrus during (6.3 and 1.3 %) and after (29.7 and 14.3 %) the
synchronization treatment. The estrous response was more synchronized, and
conception rate and lambing percentages were greater in progesterone than
MAP treated ewes. Ewes bred by Al and synchronized with MAP showed the
lowest conception rate and lambing percentages. No differences were observed
between a 14 day treatment with a progesterone releasing inserts (CIDR; 550
mg) or FGA sponges (40 mg) in their relative efficiency to synchronize estrus
during the breeding season (Ainsworth and Downey, 1986). The two treatments,
both resulted in a high estrous response (91 % within 72 h) and pregnancy rate
(67%). In a similar study, Rhodes and Nathanielsz (1988) observed no
difference in the estrous response in ewes treated with CIDR (366
mgprogesterone) and MAP sponges (60 mg) although the estrous response was
more synchronized in CIDR-treated ewes. MAP and FGA sponges were also
found to be equally effective in synchronizing estrus and ovulatory responses in
cyclic ewes (Boland et al.,, 1978/79). No difference was observed in the
effectiveness of FGA (Cronolone sponges; 30 mg) or progesterone (CIDR; 400
mg) in their ability to induce estrus in anestrous ewes (Hamra et al., 1989).

The progestogen, SC-21009, (Norgestomet; 17-hydroxy-11(-methyl-19-
norpregn-4-ene-3, 20-dione acetate) administered as an ear implant was

effective in synchronizing estrus in heifers (Burrell et al., 1972) and cows
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(Whitman et al.,, 1972). A 3-mg norgestomet ear implant used for 14 days
(Boland et al., 1978/79) or a 3-mg implant for 10 days plus 1.5 mg norgestomet
and 0.5 mg estradiol (Spitzer and Carpenter, 1979; 1981) was effective in
synchronizing estrus in ewes during the breeding season. The estrous response
and pregnancy rate to the first service was comparable to responses observed in
FGA-synchronized ewes (Spitzer and Carpenter, 1981). The effectiveness of
norgestomet implants to induce estrus in anestrous ewes has been evaluated
(Carpenter and Spitzer, 1981; Alifakiotis et al., 1982; Tritschler Il et al., 1991).
Carpenter and Spitzer (1981) reported that the estrous response and conception
rate were 79 and 51 %, respectively in anestrous ewes following treatment with
3-mg implant for 10 days plus 1.5 mg norgestomet and 0.5 mg estradiol. In a
comparison between ewes treated with MAP sponges (60 mg), FGA sponges (40
mg) or norgestomet implants (1.3 mg) for 14 days with eCG (500 — 1000 IU) at
progestogen withdrawal no differences in the estrous response and percentage
of ewes lambing to the first service (98 and 54 %, in norgestomet treated ewes
respectively) were observed among the treatment groups.

Melengestrol acetate (MGA; 17a-hydroxy-6-methyl-16-methylene-4,6-
pregnadiene-3,20-dione acetate) is one of the most potent orally active
progestagens in ruminants (Zimbelman, 1963). MGA is capable of synchronizing
estrus in cattle (O’Brien et al., 1968) and has been used to induce fertile estrus in
anestrous ewes (Safranski et al., 1992; Jabbar et al., 1994; Powell et al., 1996;
Keefe et al., 2000). Safranski et al. (1992) observed a 63% estrous response

and a 41% lambing percentage in anestrous ewes fed 0.125 mg MGA twice per
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day for 9 days. In another study in which ewes were similarly fed 80 % of ewes
displayed estrus by 84 h and 75 % lambed after a 21 d breeding period (Powell
et al.,, 1996). Treatment of anestrous ewes for 10 days with norgestomet ear
implants (SMB; 3mg) or MGA (0.3 mg/ewe/day) resulted in more SMB than
MGA-treated ewes mating within the first 5 days and conceiving to the first
service (Jabbar et al., 1994). However, the overall percentage of ewes mated
and lambing over the 30 day mating period did not differ between treatments.
There seems to be little difference in the efficacy of the various progestogens
(progesterone, FGA, SMB, MAP, MGA) to induce fertile estrous in anestrous
ewes. The use of a particular progestogen may therefore be more related to
other factors such as availability, ease of use, and approval by regulatory

agencies.

Methods of progestogen administration. Early approaches to simplify the
procedure for induction of estrus involved injections of microcrystalline
progesterone or the use of a single large dose. These approaches failed to
produce comparable results to that of daily progesterone injections over 5-6 days
(Gordon, 1958; 1963d).

Robinson (1965) first reported the use of progestogen-impregnated
sponges that could be applied intravaginally or subcutaneously. The use of
intravaginal sponges impregnated with several different progestogens were later
observed to be effective in blocking estrus and ovulation in cyclic ewes

(Robinson et al., 1967a) and induction of estrus in anestrous ewes (Moore and
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Holst, 1967; Robinson and Moore, 1967; Robinson and Smith, 1967). Intra-
vaginal pessaries were subsequently manufactured with FGA and MAP, and
utilized for the induction of estrus in anestrous ewes (Alifakiotis et al., 1982) and
the synchronization of estrus in cyclic ewes (Spitzer and Carpenter, 1981,
Rhodes and Nathanielsz, 1988).

Evans et al. (1962) and Hogue et al. (1962) successfully used oral
progestogens to synchronize estrus in cyclic sheep. Evans et al. (1962) fed
cyclic ewes 50, 60 or 90 mg MAP daily for 15 —18 days and observed estrus in
80 —100% of all ewes, and 63.2% of all ewes lambed to the first post treatment
service period. The estrous response was not different in ewes synchronized
with MAP (60 mg/daily for 20 days) and unsynchronized ewes. The conception
rates were also not different among control ewes bred naturally or with Al and
synchronized ewes bred naturally. However, synchronized ewes bred with Al
had a lower conception rate than all other groups (Hogue et al., 1962). Lindsay
et al. (1967) fed MAP to cyclic ewes for 16 days, almost 60 % of ewes exhibited
estrus within 7 days of completion of feeding. Safranski et al. (1992) and Powell
et al. (1996) evaluated the effectiveness of the orally active progestogen,
Melengesterol acetate (MGA), in the induction of fertile estrus in anestrous ewes.
Ewes were fed 0.125 mg MGA twice per day for 9 (Safranski et al.1992), 8 11 or
14 days (Powell et al., 1996). The mean estrous response, percentage of ewe
lambing, and lambing rate were 55 and 90, 41 and 75, and 71 and 100% for both

studies, respectively.
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The progestogen norgestomet in an ear implant was effective in
controlling estrus in the cycling ewe and resulted in pregnancy rates to the first
service that were equal to those of non-treated controls (Spitzer and Carpenter,
1979). Carpenter and Spitzer (1981) treated anestrous ewes in February
through June with a 3-mg norgestomet ear implant for 10 days with an additional
1.5 mg and 0.5 mg estradiol valerate i.m. at time of placement of the implant and
750 IU eCG at implant removal. The estrous response, conception and
pregnancy rates were 79, 40, 40%, respectively and were higher than that
observed in control ewes after a 16 day breeding period. The estrous response,
percentage of ewes lambing to the first service and overall was not different in
anestrous ewes treated with norgestomet ear implants (1.3 mg), FGA (40 mg) or
MAP (60 mg) sponges for 14 days (Alifakiotis et al., 1982).

Welch et al. (1984) first reported the use of controlled internal drug release
dispensers (CIDRs) for synchronization of estrous in ewes. These intravaginal
devices were constructed of a progesterone impregnated medical silicone
elastomer molded over a nylon core (Wheaton et al., 1992; 1993). CIDR devices
were developed as an alternative to intravaginal progestogen sponges. The
advantages of these devices included the ability to incorporate greater
concentrations of progesterone that proved to be difficult with sponges
(Robinson, 1965), elimination of foul-smelling mucus that discharges upon
removal of sponges and the incorporation of synthetic progesterone similar in
structure to the natural hormone (Wheaton et al., 1992; 1993). The use of the

natural hormone makes CIDR devices more attractive to licensing authorities
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such as the U.S. Food and Drug Administration. In a series of experiments
Wheaton and co-workers evaluated the effectiveness of CIDR devices. Carlson
et al. (1989) obtained an average serum concentration of progesterone of 1.9
ng/ml over a 13 day period in ovariectomized ewes treated with CIDR devices
containing 9 % (~ 366 mg) and 12% (~488 mg) of total weight which was higher
than ewes treated with progesterone sponges (400 mg; 1 ng/ml). As there were
no apparent differences in the 9 and 12% devices and because 12% devices
were more expensive to produce, the 9% devices were selected for commercial
production (Wheaton et al., 1992). CIDRs with 9% progesterone elevated the
serum concentrations of progesterone in ovariectomized ewes to 2.8 ng/ml by 3
days after which concentrations declined to 0.3 ng/ml by day 36. These devices
were able to block estrus and ovulation for 27 to 31 days (Carlson et al., 1989).
Treatment of cyclic ewes with CIDR devices resulted in an estrous response of
91% within 5 days after insert removal and ~ 68% of the 129 CIDR treated ewes
lambed within 6 days of each other (Carlson et al., 1989). CIDR devices were as
effective as FGA sponges (Ainsworth and Downey, 1986) or MAP sponges
(Rhodes and Nathanielsz (1988) in synchronizing estrus during the breeding
season.

Anestrous ewes treated with FGA sponges or CIDR devices and eCG at
progestogen withdrawal showed a similar estrous response (92 and 93%),
percentage of ewes lambing (~69%), and lambing rate (~104%, respectively;
Hamra et al., 1989). These findings support those of Crosby et al. (1991) and

Maxwell and Barnes (1986) who observed no differences in reproductive
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variables following treatment with CIDR devices or progestogen sponges. CIDR
devices therefore seems to be as effective as other delivery systems in the
induction of estrus in anestrous ewes and synchronization of estrus during the
breeding season, and offers advantages that may prove beneficial to its

acceptance by the U.S. Food and Drug administration and sheep producers.

Effect of Duration of progestogen treatment. Treatment with progesterone for
3 days, either 30 mg s.c. every 3 days (Dutt, 1953) or 12.5 mg 2 times per day
(Robinson, 1954ab;1955; Gordon, 1958;1963bcde) with eCG (Robinson, 1954;
Gordon, 1958ab;1963bcde) or estrogen (Robinson, 1955) after the last
progesterone injection induced estrus and ovulation in anestrous ewes.
Increasing the duration of treatment to six days (3 injections, 3 days apart)
increased the percentage of ewes displaying estrus, and the percentage of
fertilized ova, however increasing the period of progesterone pre-treatment up to
12 days did not improve estrous response or fertility further (Dutt, 1953). Gordon
(1958) also observed a high estrous response (80-90%) when progesterone was
administered for 5 or 6 days (12.5 mg at 12 h intervals or 25 mg 1 x day), while
the lowest response (31 -50 %) were observed in ewes treated for 3 days (12.5
mg at 12 h intervals). All ewes were treated with eCG 24 h after the final
progesterone injection. Ewes treated with single injections of 50 to 200 mg of
progesterone followed by eCG 3, 5 or 7 days later also showed a low estrous
response (9.7%; Robinson, 1955; 31.8%; Gordon, 1958). The duration of

progesterone pre-treatment may affect the sensitivity of the behavioral centers to
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estradiol, or the duration of progesterone treatment may affect the gonadotropin
effects on follicular development and estrogen production (Hunter and Southee,
1987; Hunter et al., 1988; Leyva et al., 1998; Noél et al., 1999). Robinson et al.,
(1956) reported that the median effective dose to induce estrus was reduced
from 16 to 12 pg by increasing the duration of progesterone treatment from 6 to
12 days. Further, Robinson (1955) found that administration of estrogen (15 pg)
to ewes pre-treated with progesterone for three days and injected with eCG 1
day after the last progesterone injection increased the percentage of ewes that
displayed estrus. When the duration of progesterone pre-treatment was
extended to six days all ewes displayed estrus and as such treatment with
estrogen was not required.

In estrous synchronization protocols the period of progestogen treatment
has been often equal to or greater than the luteal phase (14-17 days; Robinson,
1968; Gordon, 1972; 1977). This allows a synchronized decline in progestogen
with removal of the delivery device (Robinson, 1965; 1968). It is now generally
accepted that these long periods of progestogen treatment may contribute to the
decline in fertility observed with progestogen-synchronized estrus (Robinson,
1968; Gordon, 1972; 1977). Morgan et al. (1967) noted that 16% of the
progestogen (FGA) present in a sponge was absorbed each day so that the
duration of effective suppression of estrus and ovulation is dependent on the
initial concentration. Allison and Robinson (1970) also showed that beyond day
12 very little progestogen is released and or absorbed from FGA sponges

regardless of the initial dose, suggesting that the relationship observed by
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Morgan et al. (1967) may only be relevant for the first 12 days of treatment. The
interaction between initial dose and duration of treatment is therefore relevant. In
addition to the quadratic response to increasing dose and duration of treatment
on fertility, Morgan et al. (1967) observed a significant interaction between initial
dose and duration of treatment. Low dosages were as effective as high dosages
over a short (8 days) but less effective over a longer duration of treatment (16
days).

A similar relationship may not exist for the anestrous ewe. Increasing the
duration of treatment from 12 to 17-18 days did not affect estrous responses and
conception rates (ewes lambed of ewes mated; Moore and Holst, 1967,
Robinson and Smith, 1967). Anestrous ewes treated with FGA sponges (20 mg)
for 8 or 16 days and eCG (750 1U) 1 day after sponge withdrawal also showed
comparable estrous responses and conception rates (80 and 37%, and 89 and
37%, respectively; Christenson, 1976). More recently studies by Powell et al.
(1996) using MGA (0.25 mg/ewe/day) for 8, 11, or 14 d and Ungerfeld and
Rubianes (1999) using MAP sponges (60 mg) for 6, 9, or 13 days, or 6 and 12
days also failed to show an effect of duration of progestogen pre-treatment. In
the study by Ungerfeld and Rubianes (1999) ewes treated for 3 days had a
numerically lower estrous response and pregnancy rate (72 and 50%) compared
to ewes treated for 6 or 12 days (91 and 72%). Ewes treated for 1 or 2 days had
the poorest estrous response and pregnancy rate (29 and 16.5%), confirming the
earlier findings of Dutt (1953) and Gordon (1958). The data are suggestive of a

at least a 5-6 day progestogen pre-treatment requirement to allow for adequate
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sensitivity to be developed in the behavioral brain centers to the amounts of
estrogen secreted as a result of gonadotropin treatment and or ram introduction.
Prolongation of the progestogen pre-treatment of anestrous ewes, unlike the
situation during the breeding season, probably does not affect fertility.

Effect of Dosage of Progestogen. A variable and generally low fertility has
been associated with synchronization of estrous with progestogens (Dutt and
Casida, 1948; O’Mary et al., 1950; Robinson, et al., 1967a). Robinson (1968)
showed that the fertilization rate and percentage of ewes lambing falls from 86
and 80%, respectively in controls during the breeding season, to 62 and 56, and
54 and 41% for ewes treated with progestogens during the breeding season and
anestrous, respectively. Lamond (1964) suggested that high fertility at the time
of a controlled estrous period is associated with minimal dosage of progestogen
capable of blocking ovulation. Robinson et al. (1967a) and Robinson and Smith
(1967b) later refuted this hypothesis when they observed that fertility at the
induced estrus was greater in ewes synchronized with the higher dosages of
progestogen for 19—-21 days during the breeding season.

Conception rate was greater in ewes treated with a 6 than a 3 mg
norgestomet implant during the breeding season (Woody et al., 1983). Further,
treatment with the higher dosage of progestogen prevented the decline in fertility
observed when ewes were treated late in the cycle (d 12-13) with the low dose (3
mg) of norgestomet.

Robinson (1968) suggested that a dose of progestogen adequate to

suppress ovulation and increase the sensitivity to estrogen might not be
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adequate for maximal fertility. Gordon (1972) suggested that inadequacies in
intravaginal progestogen treatment might arise due an inadequate initial dose,
sub-optimal dispersion in the delivery device resulting in inadequate release,
using a long rather a short period of treatment or due to the inherent
characteristics of the progestogen.

Inadequate progestogen in the synchronization procedure may reduce
fertility in a number of ways. Quinlivan and Robinson (1967) reported that sperm
transport in the female reproductive tract following estrus was reduced in
progestogen treated compared to that observed in untreated ewes. Allison and
Robinson (1970) compared the effects of various dosages of progestogen and
observed a reduction in the number of spermatozoa and percentage of ova
fertilized when the lower dosage of progestogen (10 mg) was used to
synchronize estrus during the breeding season. Further, a positive relationship
between the number of spermatozoa in the fallopian tube and fertilization rate
was observed, confirming the earlier observations of Quinlivan and Robinson
(1967).

Alterations in the timing of events involved in the periovulatory cascade
have also been observed in ewes in which estrus is synchronized with
progestogens. Ewes treated with low doses of progestogen during the breeding
season show a high incidence of breakthrough ovulation during the progestogen
treatment period (Shelton and Robinson, 1967), and express estrus earlier after
progestogen withdrawal (Robinson et al., 1967b; Van Cleeff et al.,, 1998). In

ewes treated with a low dose of FGA (20 mg), estrus occurred earlier relative to
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the LH surge at the synchronized than at the subsequent follicular phase (Lewis
et al., 1974). The asynchrony between the time of mating/insemination and the
occurrence of ovulation in addition to reduced sperm transport may reduce
fertility at the progestogen-synchronized estrus.

Gordon (1972) noted that one consequence of inadequate progestogen
dosage is the failure to inhibit gonadotropin secretion from the pituitary. The
author suggested that the increase in gonadotropin secretion might stimulate a
rise in estradiol prior to progesterone withdrawal based on the occurrence of
estrus as early as 12 hours after progestogen withdrawal. Regression of the CL
on day 6 and replacement with exogenous progesterone allowed Johnson et al.
(1996) to study the effects of differing concentrations of progesterone. Ewes with
low serum concentrations of progesterone (< 1ng/ml) had a premature rise in
estrogen that was associated with a persistent ovulatory follicle. Further ewes in
the low progesterone treatment group and those with the highest concentration of
estradiol on the day prior to progesterone treatment had lower conception rates.
A variable and higher concentration of estradiol was also observed prior to
progesterone withdrawal in ewes treated with 1 vs 2 CIDR devices during the
breeding season. Elevated concentrations of estradiol for prolonged periods of
time may reduce fertility by affecting the quality of the ovulated oocyte and
implantation as observed in rats (Butcher, 1972).

The effect of varying dosages of progestogen on the induction of fertile
estrus in the anestrous ewe has not been investigated to the same extent as

during the breeding season. However, some evidence exist that the minimal
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dosage for a consistent estrous response and conception rate in anestrous ewes
may be lower than that for cyclic ewes. Robinson and Smith (1967) treated
anestrous ewes with 10 mg FGA sponges for 17-19 days followed by eCG (750
IU). The estrous response (95%) and the conception rate (ewes lambing to the
first service period; 41%) was not different from that observed when 30 mg
sponges were used prior to eCG injection (82 and 37 %, respectively; Moore and
Holst, 1967). Sponges with less than 30 mg FGA were shown to suppress
fertility in ewes during the breeding season (Quilivan and Robinson, 1967; Allison
and Robinson, 1970).

Rodriquez-lglesias et al. (1997) compared the response of anestrous
Corriedale ewes to increasing concentrations of MAP in intravaginal sponges.
The percentage of ewes marked was not different among dosages, and the
percentage of ‘non-returns’ to estrus and lambing rate tended to be higher in
ewes treated with the 15 than the 30, 45 or 60 mg sponges. Greyling et al.
(1994) also observed no difference in the conception rate (Mean, 68%) and
lambing rate (mean, 82%) in anestrous ewes treated with 30, 40 or 60 mg MAP
impregnated sponges and 300 IU eCG at sponge withdrawal.

Alifakiotis et al. (1982) noted that the pregnancy rate of anestrous ewes
treated with a 1.3 mg norgestomet implant (54%) was similar to that observed by
Carpenter and Spitzer (1981), (51%) using a total of 4.5 mg norgestomet (1.5 mg
at insertion and a 3 mg implant). However, the conception rate was consistently
lower with a 3 than a 6 mg norgestomet implant in ewes synchronized during the

breeding season (Woody et al., 1983).
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In contrast, when Ungerfeld and Rubianes (1999) treated anestrous ewes
for 6 days with previously used (6 or 11 days) or new CIDRs and eCG 1 day after
insert removal, no differences in the estrous response was observed. However,
ewes receiving CIDRs previously used for 11 days had lower conception and
pregnancy rates. The reason for the difference in this study is not apparent.
However plasma concentrations of progesterone in ovariectomized ewes treated
with CIDR devices decline to 0.3% of peak values by day 10 (Wheaton et al.,
1992). The changes in circulating progesterone induced by a 6 day treatment
with CIDRs previously used for 11 days while adequate to prime and so elicit
estrous behavior in response to eCG may be inadequate to prevent the formation
of short-lived CL (Cognie et al., 1982). Therefore, it is apparent that the
threshold dosage of progestogen beyond which fertility is compromised is lower
for induction of fertile estrus in anestrous ewes than synchronization of estrus
during the breeding season. Also the minimal dosage needed to induce estrus in
anestrous ewes must be presented long enough to adequately prime the brain
for the estrous response and be high enough to prevent the occurrence of short-

lived CL.

Progestogen and Gonadotropin Treatment.

Gonadotropin treatment as part of the estrous induction protocol in

anestrous ewes has two main goals, increase in the percentage of ewes bred
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and subsequently lambing and increase in the ovulation rate and number of

lambs born per ewe lambing.

Use of eCG

Cole and Miller (1933) first showed that ovulation could be induced in
anestrous ewes with a single injection of pregnant mare serum gonadotropin
(eCG), and estrus accompanying ovulation could be induced if two injections
were administered 16 days apart. Estrus and ovulation could be induced at the
first injection if estrogen alone or estrogen with eCG or eCG and pituitary extracts
were used (McKenzie and Terrill, 1937; Bell et al., 1941). Hammond Jr. et al.
(1942) noted that estrus and ovulation could be induced at the first injection of
gonadotropin if the ewe possessed a regressing CL. The authors suggested that
estrogenic substances induce ovulation by evoking secretion of gonadotropins
and gonadotropic hormones act by stimulating estrogen secretion.

Dutt (1953) first used progesterone pre-treatment and eCG to induce
synchronous estrus and ovulation. Ewes artificially inseminated at the
synchronized estrus subsequently lambed. Robinson (1954a) was able to
successfully induce estrus and ovulation with a treatment of 3 days of
progesterone followed by 1000 i.u. eCG but also noted that successful induction
of estrus and ovulation also occurred in the absence of eCG. Gordon (1958)
observed that the percentage of ewes exhibiting estrus and the number of
multiple of births was increased with higher dosages of gonadotropins.

Thereafter, the standard treatment for induction of estrus and ovulation involved
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progestogen pre-treatment with eCG at progestogen withdrawal (Gordon,
1963bcde; Robinson and Smith, 1967a; Gordon, 1971; Carpenter and Spitzer,
1981; Lunstra and Christenson, 1981; Alifakiotis et al., 1982; Ainsworth and
Downey, 1986; Hamra et al., 1986; Hamra et al., 1989; Tritschler Il et al., 1991;
Reviewed in Robinson, 1968; Gordon, 1977; Thimonier and Cognie, 1977,

Wheaton et al., 1992).

Dosages and timing of eCG application

Early studies that utilized progesterone injections frequently used eCG two
days after the final progesterone injection (Robinson, 1950; Gordon, 1958;
1963bcde). Gordon (1963b) administered eCG between 1 and 4 days after the
final injection of progesterone. Conception rate but not the estrous response was
depressed as time from final progesterone injection increased. Similarly Moore
and Holst (1967), observed no difference in the percentage of ewes displaying
estrus but the percentage of ewes lambing to the induced estrus was highest
(52.7 %) when eCG injection was given at sponge removal and lowest (17.2%)
when given 48 hours later. Subsequently, with the application of progestogens
via implants or intravaginal devices which resulted in a rapid removal of the
progestogen and the need to simplify the synchronization procedure, a single
injection of eCG was used at progestogen withdrawal (Robinson and Smith,
1967; Gordon, 1971; Carpenter and Spitzer, 1981; Hamra et al., 1989, and
others). Gordon (1958) observed an increase in the percentage of multiple

births as the dosage of eCG increased from 250 1U to 500 IU with no observable
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difference in 500 and 1000 IU. Gordon (1971) compared the effects of increasing
concentrations (0 —750 1U) of eCG on fertility in out-of-season bred ewes.
Among eCG-treated ewes, conception rate was lowest in ewes treated with 750
IU, while the highest percentage of ewes lambing was observed with in groups
injected with 500 IU. Since then, several researchers have used a dosage of
500-750 IU in progesterone-eCG protocols for induction of estrus in anestrous
ewes (Carpenter and Spitzer, 1981; Lunstra and Christenson, 1981; Alifakiotis et
al., 1982; Ainsworth and Downey, 1986; Hamra et al., 1986; Hamra et al., 1989;

Tritschler Il et al., 1991).

Estrous response to eCG

The majority of eCG-treated anestrous ewes (85-100%) display estrus
(Moore and Holst, 1967; Robinson and Smith, 1967; Gordon, 1971; Alifakiotis et
al., 1982; Hamra et al., 1989; Tritschler II, 1991) once adequate progestational
priming occurs and eCG is administered around the time of progestogen removal
(Robinson, 1950; Gordon, 1958; 1963bcd). Neither the age (Gordon, 1958;
1963) nor the lactation status (Gordon, 1958; Alifakiotis et al., 1982) seems to

affect the estrous response.

Progestogen Pre-treatment and Ram Introduction Without Gonadotropins.
Several authors have suggested that there is a need for gonadotropin
(eCG) application in order to induce a consistently high mating response (Gordon

and Keane, 1967; Foote, 1968; Gordon, 1971). These early reports were
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supported by the findings of Cunningham et al. (1980) and Hamra et al. (1989)
who observed a poor estrous response (2 of 19 and 1 of 25 in heat, respectively),
in progesterone pre-treated ewes not treated with eCG. However, reports also
exist that support the hypothesis that ram introduction coincident with
progesterone withdrawal may be sufficient to induce fertile estrus in anestrous
ewes. Treatment with progesterone for 12 days (30 mg once every 3 days; Dultt,
1953), or for 3 days (12.5 mg, twice per day; Robinson, 1955), resulted in
synchronous estrus and ovulation. Rams were either joined one-day after
progesterone pretreatment (Robinson, 1955) or introduced daily for the detection
of estrus (Dutt, 1953). Gordon (1971) induced fertile estrus in anestrous ewes
pre-treated with progestogen for 12 days and introduced to rams only. However,
the author observed higher percentages of ewes bred, conception and prolificacy
rates when eCG was used. Robinson and Smith (1967) found no significant
differences between ewes treated with eCG at the end of progestogen pre-
treatment and progestogen pre-treated ewes only on the overall reproductive
performance. Wheaton et al. (1992) observed an estrous response of 91% and
lambing percentage of 73% in ewes (Columbia, 0.25Finn X 0.25Targhee X 0.5
Suffolk, and Polypay) treated with CIDR devices and abruptly exposed to rams at
insert removal. All ewes were weaned after a lactation period of 7 — 10 weeks
and had been isolated from rams. The percentage of ewes mated, lambing rate
and prolificacy was also not different in anestrous ewes treated with MGA for 8
days alone and ewes treated with MGA and PG-600 (Safranski et al. 1992). The

two divergent views on the requirement for gonadotropins may be related to
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timing of ram introduction. Abrupt ram introduction to previously isolated
anestrous ewes increases LH pulse frequency and induces an LH surge (Knight
et al., 1978; Oldham et al., 1978/79; Martin et al., 1983), thus providing an
endogenous source of gonadotropin. Ewes that were not previously isolated will
not show the ram effect following progesterone pre-treatment; further, ewes may
become refractory to the ram after an initial response (Oldham and Cognie,
1980; Philips et al., 1984; Oldham and Fisher, 1992). The elimination of the ram
induced increase in gonadotropin secretion, or the separation of the sensitizing
effect of progesterone pre-treatment and the ram induced gonadotropin secretion
that drives follicular development and estrogen secretion will reduce the estrous
and ovulation responses. In support of this hypothesis, Hamra et al. (1989),
observed only 1 of 25 ewes in heat when rams were joined 2 days after
progesterone (CIDR-S) removal, the same group, Wheaton et al. (1992) treated
ewes at a comparable time in spring and observed an estrous response of 91%
when rams were joined at insert removal. Similarly, analysis of the data
presented by Cunningham et al. (1980) in which rams were introduced 5 days
prior to progesterone removal indicates that less than 10% of progesterone
treated ewes showed a gonadotropin surge or exhibited estrus, while 95% of
ewes also treated with eCG at progesterone removal showed an LH surge and
estrous response. Boland et al. (1981) showed that the estrous response and
lambing percentage in ewes joined with rams was higher in eCG-treated than
non-treated ewes when rams were introduced 48 h after progesterone removal.

However, when rams were joined at progesterone removal similar values for all
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reproductive variables were observed for ewes treated with and without eCG.
Therefore, introduction of rams at progesterone withdrawal may be adequate to
induce a consistent fertile estrous response if conditions are appropriate to allow

a “ram effect” response.

Factors that Modify the Ovulation Rate and Prolificacy of Ewes Bred Out-of-
Season

The ovulation rate during the anestrous period is lower than at the rest of
the year (McKenzie and Terrill, 1937; Dermody et al., 1970; Mallampati et al.,
1971; Land et al., 1973; Hulet et al., 1974; Hall et al., 1986). These changes are
in general independent of changes in nutrition or live weight as they were still
observed in studies in which animals were on a constant diet (Radford, 1959;
Dunn et al., 1960). Other factors may affect the seasonal response, for example
changes in ovulation rate are not observed in maiden ewes (Fletcher et al., 1970)
or in adult ewes with low live weights (Fletcher, 1971). For this reason attempts
to breed ewes out of season has focused on both increasing the percentage of
ewes bred as well as increasing prolificacy. Factors affecting ovulation rate
include genetic variation, nutrition, age and parity and season (reviewed in
Scaramuzzi and Radford, 1983; Cahill, 1984; Signoret, 1990). Approaches to
increasing ovulation rate have been previously reviewed (Scaramuzzi and
Radford, 1983; Cabhill, 1984; Boland and Crosby, 1993; Findlay et al., 1993) and
include breeding and selection, nutritional, immunological and hormonal

manipulation. This review will briefly address some of the approaches used to
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increase ovulation rate and possible explanations for the reduced ovulation rate

during seasonal anestrous.

Factors involved in the reduced ovulation rate during seasonal anestrous.

Although some reports suggest there is little change in the secretion of
FSH between the estrous and anestrous seasons (Walton et al. 1977; Bister and
Paquay, 1983; Bartlewski et al., 1998; 2000), others have observed lower
concentrations of FSH in the ewe (Findlay and Cumming, 1976; Legan and
Karsch, 1980) and at a time equivalent to anestrous in the ram (Lincoln et al.,
1977; 1982). Oussaid et al. (1993) observed a higher concentration of FSH
during early than mid-anestrous and suggested that the contrasting results
obtained in comparisons between seasons may be a result of the time (early vs
mid vs late) within anestrous when samples were taken. Suppression of LH
pulse frequency that is needed to drive final stages of follicular maturation and
lower concentrations of FSH may reduce the number of ovulatory follicles during
seasonal anestrous.

Legan et al. (1985) suggested that a decline in ovarian follicular sensitivity
to gonadotropins might occur at the onset of anestrous in ewes, and Bartlewski
et al. (2000) suggested that individual ewes or breeds that enter anestrous earlier
may have a higher threshold for LH or a greater reduction in ovarian
responsiveness to gonadotropins compared to ewes that continue to cycle later.

Similarly, a reduction in the responsiveness to gonadotropins might explain the
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lower ovulation rate in anestrous ewes. In support of this hypothesis Gherardi
and Lindsay (1980) showed that the ovulation rate response in Merinos to eCG
was lowest in spring and highest in autumn mimicking seasonal variation in the
number of large follicles reported by Kammerlade et al. (1952). Further, the
differences in ovulation rate between different genotypes after hCG induced
ovulation were maintained during anestrous and was lower compared to that
observed during the breeding season (Boulton et al. 1995). Basal and LH/FSH
induced estradiol secretion was lower in follicles (4-5.5 mm) collected at the end
of the breeding season and during anestrus than during the follicular phase at the
beginning or middle of the breeding season (Bister et al., 1999; Noél et al.,
1999). Long-term GnRH administration maintained cyclic activity during
anestrous in Romney ewes (McNatty et al., 1982) but LH alone failed to do so
beyond two consecutive cycles (McNatty et al., 1984b). A decrease in the
responsiveness to LH also occurs from early to middle anestrus (Oussaid et al.
1993). During early anestrus repeated LH administration alone (10 ug i.v. every
2 h for 48 h) was sufficient to evoke an immediate rise in estradiol secretion, an
LH surge, and ovulation. However, during mid-anestrus treatment with FSH (50
Mg i.v. every 2 h for the first 24 h) was also necessary to induce ovulation in
response to LH administration (Oussaid et al., 1993). The authors thus
suggested that an increase in estradiol negative feedback on FSH occurs
gradually during anestrus and this is associated with a gradual decline in
responsiveness to LH. FSH and estradiol are needed to ensure that the

developing follicle has a full compliment of LH receptors (Kessel et al., 1995).
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The greater ovulation rate and responsiveness to FSH and hCG have been
associated with the higher concentration of LH and FSH receptors in Romanov
than lle-de-France ewes (Abdennebi et al., 1999) . The lower ovulation in
anestrous ewes may be due to lower ovarian follicular sensitivity to
gonadotropins as a result of lower concentrations of gonadotropin receptors.

However confirmation of this hypothesis is needed.

Approaches to increasing ovulation rate and prolificacy.

Breed and genetic selection: Most domestic sheep have ovulation rates of
between 1 and 2 (Scaramuzzi and Radford, 1983; Cahill, 1984). However 5
breeds of sheep are known to have ovulation rates that approach 3. These
prolific breeds, which have ovulation rates as high as 5-6, include the Booroola
Merino, Dahman, Finn, Hu Yang, and Romanov (Scaramuzzi and Radford, 1983;
Cahill, 1984). Mahieum et al. (1989) has suggested that the “Creole ewe” of the
West Indies should be considered prolific based on the high repeatable ovulation
rates observed (27% have ovulation rates of at least 5). The increase in
ovulation rate is associated with increase variability in the number of ovulations
(Scaramuzzi and Radford, 1983; Cabhill, 1984; Mahieum et al. 1989). Based on
the high degree of genetic variation and the estimates of heritability (Hanrahan,
1980), it may be possible to increase ovulation rates by cross breeding

(Scaramuzzi and Radford, 1983).
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Nutritional manipulation. Marshall (1903) was one of the first researchers to
document the increase in prolificacy associated with an enhanced plane of
nutrition prior to mating. Knight et al. (1975) observed feeding lupin grains could
result in a 30% increase in twin ovulations within 1 week. This short-term
nutritional response, ‘flushing’ is rapid, reversible and independent of season
(Radford et al., 1982). Oldham (1980) fed Lupin supplement (750 g/ewe/day) to
unsynchronized ewes for 14 days and determined ovulation rate in ewes that
came into estrus 1 week later. The author observed an increase in ovulation rate
of about 30% in ewes fed for 6 days, with no further increase when feeding was
continued beyond 6 days. Further, the increase in ovulation rate was not
associated with changes in live weight, suggestive of a direct response to
nutrient supply (Lindsay, 1976). Protein intakes of 200g/day produced a maximal
ovulation rate response (Smith, 1981). Ewes in a good body condition or on a
good quality basal ration will not respond to additional feeding (Scaramuzzi and
Radford, 1983). The association between nutrition and ovulation rate is further
complicated by relationships between increase in body weight and ovulation rate
(Coop, 1966). For example, Morely et al. (1978) reported a 2-2.5% increase in
ovulation rate per kg increase in body live weight. Additionally, ovulation rate
has been associated with body weight changes occurring months earlier (Cabhill,
1981). Nonetheless, short-term flushing perhaps during the period of
progestogen pre-treatment is one possible mechanism of increasing ovulation

rate in anestrous ewes.
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Immunological approaches. Immunological approaches to increasing ovulation
rate have focused on passive or active immunization against estrogens and
androgens (reviewed by Boland and Crosby, 1993) or inhibin (reviewed by
Findlay et al., 1993). Ewes passively immunized against oestradiol over the last 5
days of the estrous cycle doubled their ovulation rate (Scaramuzzi, 1976). Active
immunization against most sex steroids have reportedly increased ovulation rate;
testosterone, estrone, estradiol-173 (Scaramuzzi et al., 1980ab, 1981),
progesterone (Hoskinson et al., 1982), and androstenidione (Scaramuzzi et al.,
1977). The latter has been the basis for the commercial preparation, Fecundin®.
While it was initially thought that the immunological approaches act to increase
ovulation rate by reducing the negative feedback effect on gonadotropins, most
reports have shown no increase in serum concentrations of gonadotropins
(Findlay et al., 1993; Boland and Croshby, 1993). Additionally, Philipon et al.,
1989) observed a suppression of FSH in response to immunization against
androstenedione. A correlation between ovulation rate and circulating
concentrations of gonadotropins was not observed in prolific and non-prolific
breeds (Scaramuzzi and Radford, 1983). This has led to the suggestion that
mechanisms operating locally at the level of the ovary play an important role in

regulating ovulation rate (Signoret, 1990).

Hormonal approaches. Ovulation rate can be increased by administration of
gonadotropins such as eCG (Robinson, 1951; Gherardi and Lindsay, 1980), FSH

(Laster, 1973; Wright et al., 1981), hCG (Radford et al. 1984) and gonadotropin
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preparations such as PG 600 (Keisler, 1992). In general the use of
gonadotropins for increasing prolificacy has been hampered by the great
variability in the ovulatory response (Cahill et al., 1984; Lopez-Sebastian et al.
1993). Cahill (1984) suggested therefore that gonadotropins are more useful in
super-ovulating ewes rather than increasing twin ovulations. With respect to
increasing ovulation rate and prolificacy during the seasonal anestrous, the
response to a given dose of gonadotropins may be lower and more variable due
to a decreased and variable sensitivity of the ovarian follicles (Oussaid et al.,
1993; Noél et al.,, 1999). An ovulation rate of between 2.3-3 (1-5 range)
ovulations per ewe in progestogen-eCG treated ewes has been reported
(Gordon, 1958; Moore and Holst, 1967).

The wide variability in responses reported among studies or flocks within
studies is probably associated with differences in breed, age, lactation and
nutritional status as well as other prevailing environmental conditions. Another
source of variation may be related to the mating management practice,
specifically whether rams or Al were used, and if rams were used whether they
are introduced at the time of eCG injection/progestogen withdrawal or prior to
this. The ovulation rate of anestrous ewes at the ram-induced ovulation is 0.27
and 0.48 ovulations above that observed in spontaneous ovulating flock mates
without or with progestogen pre-treatment prior to ram introduction, respectively
(Cognie et al., 1980; Pearce and Oldham, 1984). Therefore, when ram
introduction and eCG occur at progestogen withdrawal the resultant ovulation

rates are not independent of either effect. Whether the effects of ram introduction
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and eCG on ovulation rates are additive and whether the degree of stimulation
affects ovulation rate as it affects the percentage of ewes ovulating has not been
determined, but differences in the use of rams and timing of ram introductions
may determine if significant increases due to eCG are observed. Nonetheless,
prolificacy values reported for progestogen-eCG treated anestrous ewes are
lower than that observed in cyclic ewes treated with (Gordon, 1958; 1963b; 1977;
Hulet, 1977; Thimonier and Cognie, 1977) or without (Gordon, 1958; 1963b) eCG
at progesterone withdrawal.

While use of eCG at dosages 500-750 IU administered at progesterone
withdrawal may increase the estrous response and ovulation rate to that
commonly observed in the cyclic untreated ewe, several factors limit its adoption.
First, increases in ovulation rate do not always translate to increases in
prolificacy. Gordon (1958) examined ovulation rate and embryo numbers in 48
anestrous ewes treated with progesterone for 5 days and injected with 700-750
IU eCG. The author observed an ovulation rate of 1.83 but the embryonic rate
was only 1.02 on day 20-22 after mating. Prolificacy rates of 1.3 (range 1-1.83;
Gordon 1958), 1.59 (range 1.39-1.72; Gordon, 1963b), 1.01 (Moore and Holst,
1967), 1.52, 1.35, and 1.2 for three flocks (Robinson and Smith, 1967) were
observed. Gordon (1977), and Wheaton (1992) also reported similar values.
These rates are lower than that observed in the untreated ewe during the
breeding season. Second, as pointed out earlier a wide variability in the
response may be observed at dosages required to achieve improvements. Third,

repeated use of eCG may induce antibodies that may render the gonadotropin
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ineffective as has been observed in goats (Cognie, 1990). Fourth, eCG is no
longer approved for use in sheep production, nor has its application for approval
been pursued due to questionable return-on-investments (Wheaton, 1992).
Alternative gonadotropins and treatment regimen is therefore needed in order to
enhance reproductive performance of anestrous ewes.

Other gonadotropins and gonadotropin preparations have been used in
out-of-season breeding. The gonadotropin preparation PG-600 administered
after an 8-day treatment with MGA resulted in a higher ovulation rate (2.32) than
controls (1.79) and ewes treated with MGA only (1.83) and increased the
percentage of ewes ovulating (99.1%; Safranski et al., 1992). Ahmad et al.
(1996) reported that in anestrous ewes treated with 25 mg progesterone and
joined with rams a single injection of FSH-P (8 mg i.m.) in propylene glycol
increased ovulation rates when injected 12 h before induction of luteolysis with
20 mg prostaglandin Foq on d 14. However treatment regimen using FSH where
progesterone pre-treatment is used to induce synchronous estrus with the initial

ram induce ovulation has not been determined.

Effect of Season on the Occurrence of Reproductive Cycles in the Fall Born

Ewe Lamb and Approaches to Induce Fertile Estrus During Seasonal

Anestrus.

Age of puberty in fall born ewe lambs.
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Ewes which lamb at one year of age produce 20 percent more lambs and
14 percent more kilograms of lamb than their flock mates bred first as yearlings
(Spencer, 1942; Hohenboken et al., 1977). Notter (1992) suggested that ‘it may
be very difficult to get fall-born ewe lambs to lamb at 12 months of age’, and
indicated that no satisfactory system exist for introducing ewe lambs to an out-of-
season production system. Ewe lambs born in fall experience a period of
seasonal anestrus prior to them achieving puberty. The fall born ewe lamb
reaches a breed specific weight and age at puberty of their spring born flock
mates during the seasonal anoestrous period. As a result, puberty in fall born
ewe lambs is delayed until their first fall (Vesely and Swiersta, 1987; Forcada et
al., 1991). Similarly, ewe lambs that were nutritionally restricted from June to
February did not initiate reproductive cycles until the next breeding season
although they had attained an appropriate weight by April (Foster et al., 1988).
However, nutritionally restricted lambs that were fed ad libitum beginning in the
middle of the breeding season attained puberty during their first breeding season.
The inhibitory photoperiod that fall born ewe lambs are exposed to during
seasonal anestrous is thought to repress the attainment of puberty due to the
retardation of sexual development (Foster, 1981), or, through the inhibition of the

expression of already achieved sexual competence (Land, 1978; Foster, 1981).

Photoperiodic requirements for the attainment of puberty in fall born ewe

lambs.
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Ewe lambs that are born in the fall do not attain puberty before the
following autumn at nearly one year of age. In contrast spring born lambs attain
puberty in the fall of the same year. Exposure of spring born ewe lambs to a
continuous long or short photoperiod delayed the first normal luteal cycle beyond
1 year. However, exposure of ewe lambs 12 weeks or older (but not before) to
long days (15L: 9D) for as little as 5 weeks followed by exposure to short days
(9L: 15D) was effective in inducing normal cycles (Yellon and Foster, 1985;
Ebling and Foster, 1988). Additionally, treatment of spring born ewe lambs with
melatonin beginning in July but not before, advances the onset of puberty
(Nowak and Rodway, 1985). These findings have lead to the suggestion that, a
decline in photoperiod after exposure to the long days was necessary for the
attainment of puberty in spring born ewe lambs. In contrast, continuous
exposure of anestrous ewes to LD only from spring resulted in the resumption of
reproductive activity synchronously at the expected time in fall (Ebling and
Foster, 1988). This suggests that the photoperiodic requirements for induction of
puberty in spring born ewe lambs probably differs from those for the onset of the
adult breeding season (Ebling and Foster, 1988).

Photoperiodic manipulations (long day followed by short days) have also
been used to induce puberty during the anoestrous period in fall born ewe lambs
(Foster and Ryan, 1981; Ainsworth and Shrestha, 1987; Ainsworth et al., 1991).
Such treatments reduce the age of puberty to that observed in spring born lambs.
However, under natural photoperiod fall born lambs initiate reproductive cycles

early in the breeding season and before significant decline in day length (Lopez-
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Sebastian, 1985ab; Forcada et al., 1991). This suggest, that the breeding
season of fall-born ewe lamb may be initiated by a short period of small
decreases in day length, or that lambs may become refractory to inhibitory long

day photoperiod like the adult ewe.

Induction of fertile estrus during seasonal anestrus in fall born ewe lambs.
In order for the age at first lambing in fall and spring lambing systems to
be comparable, fall born ewe lambs must be bred during the period of seasonal
anestrous. Treatment with long days (from 5 to 20 weeks) followed by a period
of short days (20-32 weeks) with progestogen-eCG treatments commencing
towards the end of the short day photoperiod induced fertile estrus in fall born
lambs during seasonal anestrous (Ainsworth and Shrestha, 1987; Ainsworth et
al., 1991). The percentage of ewe lambs lambing and the litter size to two
service periods after synchronization treatments were 58% and 1.6, respectively.
Although photoperiod treatments induced puberty in 60% of ewe lambs prior to
progestogen-eCG administration, the pubertal state did not affect fertility.
Burfening and Van Horn (1970) treated 11-12 month old ewe lambs with
progestogen (6-chloro-6-dehydro-17a acetoxyprogesterone; CAP) for 13 days
with or without estradiol (1mg) prior to progestogen treatment and eCG (800 [U)
1-4 days following progesterone withdrawal. A total of 84 % of ewe lambs
treated with eCG displayed estrus and 67 % conceived to the induced estrus.
Injection with estradiol prior to progestogen treatment increased the percentage

of ewe lambs in heat and conceiving by 30 and 15%, respectively. Ewe lambs
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that were not treated with eCG did not display estrus. Robinson and Smith
(1967) reported similar estrous responses for Dorset Horn maiden yearlings
treated in late anestrous with progestogen-eCG. Although the response in
yearlings not treated with eCG was better than that observed by Burfening and
Van Horn (1970), both the estrous response (92 and 60%) and the percentage of
ewes lambing (58 and 20%) were better in yearlings treated with eCG than those
that were untreated. In contrast, Suffolk crossbred and Romney Marsh yearling
ewe lambs treated during the early anestrous period with progesterone for 3 days
with or without eCG ovulated but the estrus response was poor (8%; Robinson,
1955). This was probably related to the inability of the short-term treatment with
progesterone to adequately sensitize the brain to the ram and or eCG-induced
increases in estradiol (Robinson, 1955; Gordon, 1958). Administration of
estradiol (25 pg) with or without eCG induced an estrous response in all yearling
ewes although the occurrence of ovulation with the induced estrous was
reduced.

The lack of response of ewe lambs and maiden yearlings (Robinson,
1955; Burfening and Van Horn, 1970) pre-treated with progestogens without
gonadotropins may be due to the inability of rams to stimulate increases in LH
secretion in these females. Spring born Suffolk cross ewe lambs did not show an
increase in LH pulse frequency until September at a mean age and weight of 136
+ 1.2 days and 32.7 kg, respectively, and ram introduction did not induce
ovulation until October (166 + 1.2 days and 35.6 kg; Al-Mauly et al., 1991). While

this data set is suggestive of an increased response to ram introduction as the
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breeding season progresses, clear interpretation is difficult since age and time of
year is confounded. Lopez-Sebastian et al. (1985b) examined the
responsiveness of fall born ewe lambs to the ram effect in relation to the start of
the breeding season. Rams were introduced to fall born ewe lambs born in late
October-early November, (= 6 months of age) at the end of May (5/26), and at
the beginning (7/4) and end of July (7/26). Increases in the concentration of LH
and an LH surge were only detected after rams were introduced in late July
approximately 1 month prior to the period in which control lambs were observed
to initiate puberty. The authors thus suggested that the ram effect only occurs as
the ewe lambs approaches puberty. While this experiment does not eliminate
the confounding of age and season, the ewe lambs at the beginning of the
experiment (5/26) were older than the spring born ewe lambs of (Al-Mauly et al.,
1991) or as old as those of (Dyrmundsson and Lees (1972) in which the ram
effect was observed. The findings of this study may also explain why Robinson
and Smith (1967) were able to induce fertile estrus in yearlings during late
anestrous when they did not use eCG. Therefore the lower response to estrous
induction procedures in ewe lambs and yearlings especially in the absence of
gonadotropin treatment may be related to the failure of these females to respond
to ram introduction with increases in LH pulse frequency, and LH surge and

ovulation.
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STATEMENT OF THE PROBLEM

The survival and development of the sheep industry depends on the
development of markets for the products, increases in the production efficiency
and reduction in cost of production. The seasonal nature of reproduction of
sheep under temperate conditions as characterized by periods of low estrous
response and ovulation rates limits the development of the industry and the
efficiency at which it operates. Although the gestation period of sheep is only 5
months the normal production cycle is annual but could be shortened if lambings
occurs twice per year or even 3 times in two years. Additionally, production and
marketing activities are concentrated to specific times of the year as reflected by
the large non-random price and supply swings. The development of a market is
no doubt dependent on products that are of a high quality and that could be
supplied in adequate quantities consistently throughout the year. If the sheep
industry is to achieve these objectives it would entail shifting the breeding season
to periods associated with low reproductive activity, additionally the relative
reproductive efficiency must not be unduly compromised by this shift.

Attempts to breed ewes out-of-season has relied on ram introduction only
and or progestogen (MAP, FGA, Norgestomet) and the gonadotropin eCG. As
pointed out in the literature review, the response to ram introduction is low and
variable, further there is a positive correlation between the amount of
progestogen used in synchronizing estrus and subsequent fertility. Synthetic

progesterone analogues are advantageous, because they are more potent than
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the natural hormone and could be more readily incorporated in delivery systems
because of the smaller quantities needed. Approval for use of these compounds
in the sheep industry would be difficult due to the requirement for additional
efficacy and safety data. The development of a new intravaginal insert made
with polycapralactone (PCL) that incorporates twice the amount of progesterone
as previous devices may be as effective as those devices using synthetic
analogues and may increase the percentage of ewes breeding out-of-season to
ram introduction alone. Follicle stimulating hormone, a gonadotropin, is currently
approved for use in super-ovulation of cattle. While approaches for super-
ovulation in cattle and sheep have been determined, treatment regimens that
would increase the ovulation rate of sheep by only 1 or 2 ovulations during
seasonal anestrous has not been demonstrated. The objectives of the first
experiment were to determine whether these new PCL inserts would induce
fertile estrus, if the duration of progestogen treatment modified the response and
if FSH applied one day before insert removal would increase prolificacy in
anestrous ewes.

Because the delivery of progesterone by the PCL insert was not better
than previous devices (CIDRs) and because delivery and uptake of progesterone
declines overtime the second experiment was designed to determine if a 5-d
treatment with a CIDR-G device would induce fertile estrus and whether FSH
before insert removal would increase ovulation rate and prolificacy in anestrous

ewes.



59

Puberty in fall-born lambs is not observed before 10-12 months of age and
at the beginning of the next breeding season. This is 3-5 months later than their
spring born flock mates. This delay represents a potential decrease in production
efficiency in fall lambing systems as more time and expenses are invested before
the first lamb crop is marketed and through a decline in the lifetime productivity of
the ewe. Attempts to breed ewe lambs and maiden yearlings during seasonal
anestrous especially in the absence of gonadotropin treatments have not been
as successful as in mature ewes. The third experiment was aimed at
determining if ram introduction would induce an LH surge and ovulation in fall
born ewe lambs and if estrogen would improve the estrous response in

progesterone pre-treated fall born ewe lambs.
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EFFECTIVENESS OF INTRAVAGINAL PROGESTERONE INSERTS AND FSH

FOR INDUCING SYNCHRONIZED ESTRUS AND INCREASING LAMBING

RATE IN ANESTROUS EWES
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INTRODUCTION

Progesterone was first used to synchronize estrus five decades ago (Dutt
and Casida, 1948; O’'Mary et al., 1950), and fertile estrus was induced in
anestrous ewes by progesterone and gonadotropin (Dutt, 1953) shortly
thereafter. Despite advances, an effective method to enhance the response of
anestrous ewes to the introduction of rams (Underwood, 1944) is not available to
shepherds in the United States

Fertility at estrus induced in anestrous ewes by progestogens with
gonadotropin (Dutt, 1953; Hogue et al., 1962; Robinson and Smith, 1967), or
progestogens alone (e.g., Wheaton et al., 1990; Safranski et al., 1992), was
lower than in cycling ewes (Crosby et al., 1991). Increased fertility with higher
concentrations of progestogen (Robinson et al., 1968) probably resulted from
more appropriate: follicular development (Johnson et al., 1996), synchrony of
estrus and the LH surge (Lewis et al., 1974; Van Cleeff et al., 1998), and sperm
transport (Quinlivan and Robinson, 1967; Hawk and Conley, 1971).

Ovulation rate is low during anestrus (Mallampati et al., 1971; Hulet et al.,
1974; Hall et al., 1986). Prolificacy was increased by eCG (Hackett 1982;
Ainsworth and Shrestha, 1985; Hamra et al., 1989) or by FSH (Ahmad et al.,
1996) at progestogen withdrawal in anestrous ewes.

Controlled internal drug-releasing devices (CIDR; Welch et al., 1984) have
been used in anestrous ewes (e.g., Hamra et al., 1989). Delivery of

progesterone from CIDRs declines over time. However, treatment for only 5 d in
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anestrous cows (Smith et al., 1983) and 6 d in anestrous ewes (Rodriguez-
Iglesias, 1996) has been effective.

A polycapralactone CIDR device contains more progesterone (0.82 g;
PCL insert) than the original CIDR (< 0.4 g progesterone in silicone elastomer).
The primary objectives were to determine whether PCL inserts would induce
fertile estrus and whether FSH, in combination with the inserts, would increase
prolificacy in anestrous ewes introduced to rams. Effects of progesterone for 5
vs 12 d in FSH-treated ewes changes in follicular growth and ovulatory follicles

also were examined.

MATERIALS AND METHODS

General

The study was conducted from May to July, 1998 on six farms in West
Virginia, one university farm in Hardy county and five private farms in Hardy,
Lewis, Pendleton and Preston Counties. A total of 382 non-lactating ewes of
mixed breeding were available for the study. Ewes varied in relative proportions
of black-faced (mainly Suffolk) and white-faced (mainly Dorset) breeding, and on
two farms, some ewes were 50 to 100% North Country Cheviot. Ewes were
managed on native grass and white clover pastures, but brought into barns or
holding lots to initiate treatment and during the synchronized estrus. In general,
animals were managed in a manner typical of eastern commercial farm flocks.
Ewes (n = 84) with serum concentrations of progesterone > 0.6 ng/mL in either of

two samples collected 3 d apart were not considered anestrous and were not



63

assigned to the study. Three ewes were not used due to poor body condition or
health.

The remaining 295 ewes were assigned to randomized treatments within
face color (white, black, or mottled) in each flock, to one of four treatment groups.
Ewes served as controls (ram introduction only; C, n = 73), or were assigned to
one of three progesterone-treated groups. Ewes in the first treatment group
received the PCL insert for 12 d (P12, n = 73). To determine whether FSH given
24 h before insert removal would increase ovulation rate or prolificacy, another
group received the PCL insert for 12 d and a single injection of FSH (Folltropin,
55 mg NIH-FSH-P1 dissolved in saline/propylene glycol 1:4, vol:vol; 2 mL was
injected i.m.; Lopez-Sebastian et al., 1993) 24 h before insert removal (P12F, n =
71). To test whether a short-term treatment was as effective as a 12-d treatment,
a fourth group of ewes received the PCL insert for 5 d plus FSH 24 h before
insert removal (P5F, n = 77). Raddled, intact rams that had passed a breeding
soundness examination, were introduced to all ewes at insert removal. Ewes on
each farm were run together initially with all rams, at a ewe:ram ratio not
exceeding 15:1; on one farm, one ram larger than the others was isolated with 15
ewes.

Ewes were observed for raddle marks (estrus) every 12 h from 24 h after
ram introduction and insert removal (d 0) until d 5. As ewes were marked or
observed being mated, they were separated from unmated ewes into another lot;
rams were then rotated among lots, so that the ewe:ram ratio was maintained at

less than 15:1 throughout the synchronized breeding period (d 5). After each
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observation for estrus, briskets of rams were repainted to ensure that mounted
ewes were clearly detectable. After synchronized breeding, ewe:ram ratio was
increased to no more than 25:1, and rams remained with ewes for 26 to 30 d, to
allow a second service period.

All ewes marked by rams during d 1 through 5 were examined for
pregnancy on d 26 to 30 using transrectal ultrasonography (Schrick and Inskeep,
1993). Ovaries of all pregnant ewes were scanned and numbers of corpora lutea
(CL) were recorded. At pregnancy diagnosis, all rams were removed. All ewes
that were not diagnosed pregnant on d 26 to 30 were reexamined 20 to 25 d later
(d 46 to 51 after insert removal) to detect pregnancies from matings subsequent
to d 5 (second service period).

Lambing dates and numbers of lambs born were recorded. Two ewes in
the control group (C), and one each in groups P12F and P5F died before the
lambing period. Pregnancy retention was determined by expressing ewes
lambing as a percentage of ewes diagnosed pregnant and alive at lambing time.

To evaluate release of progesterone from the PCL insert, blood samples
(5 ml) from a subset of five ewes per group in each replicate were collected by
jugular venipuncture at 2-d intervals from d -12 through d 0. Samples were
stored in glass tubes at 4°C and allowed to clot. Serum samples were collected
within 12 h and frozen (-20°C) until assayed for progesterone as described by
Sheffel et al. (1982). The limit of detection was 0.1 ng/ml, and the intra and inter-

assay coefficients of variation were 7.1 and 18%, respectively.
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Follicular growth and ovulation in the same subset of ewes were
monitored during the periestrous period using transrectal ultrasonography
(Schrick et al., 1993). Ewes were examined on d 0, and at 36, 48, 72, and 96 h
after insert removal. On d O, all follicles greater than 3 mm in diameter were
recorded and the subsequent growth and atresia or disappearance of these
follicles were monitored. The largest, second largest, and third largest follicles
on both ovaries on d O were referred to as the F1, F2, and F3 follicles,
respectively. Follicles of the same size were assigned randomly to the higher or
lower rank. Follicles = 4 mm were judged to have ovulated if they were not
present on the ovary at the subsequent examination (Schrick et al., 1993).
Growth rate of an ovulatory follicle was determined retrospectively as the daily
change in diameter from d O or the time at which the ovulatory follicle was first

recorded, to the time when the follicle was last seen.

Statistics

Analysis of variance was conducted using the GLM procedures of SAS
(SAS Inst. Inc., Cary, NC), using farms as blocks to evaluate the fixed effects of
treatments. Orthogonal contrasts tested were control vs treated with
progesterone, FSH vs no FSH, and 12 vs 5 d of progesterone with FSH.
Response variables included proportion of ewes exhibiting estrus, conception
and pregnancy rates at diagnosis, proportion of ewes lambing to the first and
second service periods, interval from ram introduction to lambing, lambing rate

for all ewes treated, prolificacy for ewes lambing, and pregnancy retention. For
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prolificacy, additional comparisons were made between the first service period
for FSH-treated ewes and the second service period for control ewes and all
ewes. Conception and pregnancy rates to the first service period were defined
as ewes pregnant as a percentage of ewes exhibiting estrus on d 0 through 5
and ewes pregnant as a percentage of all ewes treated, respectively. The effects
of interval from insert removal to estrus (< 24, 25 to 36, 37 to 48, > 49 h) and
interactions of that interval with treatment contrasts on conception rate also were
assessed in the progesterone-treated ewes. Effect of treatment on
concentrations of progesterone was examined by analysis of variance for a split-
plot with treatment as the main plot and time as the sub-plot (Gill and Hafs,

1971).

RESULTS AND DISCUSSION

Progesterone profiles

Highest concentrations of progesterone were observed on d -10 (1.2
ng/mL), d -8 (1.4 ng/mL) and d -4 (1.1 ng/mL) for P12, P12F, and P5F ewes,
respectively, (Figure 1). Concentrations of progesterone at insert removal were
highest in ewes treated for 5d (P<0.05;0.1+£0.1,04+0.1,05+0.1,and 0.9 =
0.2 ng/mL for ewes in C, P12, P12F, and P5F groups, respectively. Greater
peak values of 2.8 to 3.4 ng/mL have been reported 3 to 4 d after treatment of
ovariectomized ewes with CIDRs containing 550 mg progesterone (Ainsworth
and Downey, 1986; Carlson et al.,1989; Wheaton et al.,1993), or with 470 and

620 mg progesterone (Hamra et al., 1986) impregnated in a silicone elastomer.
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Concentrations of progesterone in serum throughout the treatment period
averaged 0.2 + 0.1, 0.8 + 0.1, 0.7 + 0.1, and 0.9 + 0.2 ng/mL for C, P12, P12F,
and P5F, respectively, and did not differ among locations. Concentrations of
serum progesterone at insert removal were similar to the 0.4 ng/mL on d 11 of
treatment reported by Barnes (1987), but lower than the 1.7 ng/mL in ewes
treated with CIDRs for 14 d (Ainsworth and Downey, 1986). The PCL insert used
in this study did not release sufficient progesterone to elevate serum
concentrations to within the range observed during the luteal phase of the

estrous cycle (Hauger et al., 1977; Van Cleeff et al., 1998).

Estrous response

Treatment with progesterone increased (P< 0.01) the percentage of ewes
marked by rams during the first 5 d after ram introduction (Table 1). In FSH-
treated ewes, more ewes (P < 0.05) were marked after 5 than after 12 d of
progesterone treatment. This result is consistent with the elevated
concentrations of progesterone at insert removal (Figure 1) in ewes treated for 5
d and the results of Shelton et al. (1967). Treatments for 6 d with 6 a-methyl-
17a-acetoxy-progesterone (MAP; Rodriguez Iglesias et al., 1996) or for 8 d with
melengesterol acetate (MGA; Powell et al., 1996) have induced fertile estrus in
anestrous ewes. The number of ewes showing estrus (marked by raddled rams)
in this study was similar to the number observed by Carpenter and Spitzer (1981)
and slightly lower than the number reported in other studies using CIDRs

(Maxwell and Barnes, 1986; Hamra et al., 1989), MGA (Safranski et al., 1992;
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Figure 1. Mean concentrations of progesterone prior to ram introduction for
control ewes (C, =8 ), ewes pre-treated with PCL inserts for 12 d without

A ) and ewes

(P12, A ) or with FSH 24 h before insert removal (P12F,
treated with PCL inserts for 5 d with FSH 24 h before insert removal (P5F,——").

Treatment X Time (P < 0.05)
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Figure 2. Distribution of estrus over the first 2.5 d after insert removal for control
ewes (C, O ), ewes pre-treated with PCL inserts for 12 d without (P12, O ), or
with FSH 24 h before insert removal (P12F, B ), and ewes treated with PCL

inserts for 5 d with FSH 24 h before insert removal (P5F, B ).
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Jabbar et al., 1994), flurogestone acetate (Gordon, 1971; Hamra et al., 1989;
Wheaton et al., 1993), or norgestomet (Carpenter and Spitzer, 1981; Alifakiotis et
al., 1982) for 12 to 14 d with eCG.

The time from ram introduction and insert removal to estrus averaged 42 +
5 h and did not differ among groups of progesterone-treated ewes (Figure 2).
Maxwell and Barnes (1986) observed a similar pattern; 50% of CIDR-treated
ewes that exhibited estrus did so by 36 h, and the remainder exhibited estrus by
48 h after insert removal. In the present study, in which all ewes were joined with
rams abruptly at insert removal, no differences were observed in occurrence of
estrus between ewes treated with inserts only or inserts and FSH. Foote (1968)
reported that frequencies of estrus, ovulation, and pregnancy were greater in
anestrous ewes treated with progestogen and eCG than in ewes treated with
only progestogen. Ram introduction alone at progestogen withdrawal was as
effective as gonadotropins in stimulating estrus (Boland et al., 1981; Welch et al.,
1984; Wheaton et al., 1992). Gonadotropins may be required when rams are
joined before (Cunningham et al., 1980) or after (Boland et al., 1981; Hamra et
al., 1989) progestogen withdrawal, or in artificial insemination protocols if rams

are not joined with ewes (Langford et al., 1983; Husein et al., 1998).
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Table 1. Reproductive performance of anestrous ewes in response to ram introduction

(C), or ram introduction + 12-d progesterone pre-treatment (P12), 12-d progesterone

pre-treatment + FSH (P12F) or 5-d progesterone pre-treatment +FSH (P5F).

Variable Treatment
C P12 P12F P5F

Number of ewes 73 73 71 77
Number of ewes marked by rams (%)° 9 (12)* 56 (77) 47 (66)° 61 (79)
Ram introduction to raddle marks, h 56+0.6° 42+0.2 40+0.2 43+0.2
Ewes pregnant to first service (%) 1(2)* 35 (48) 30 (42) 36 (47)
Ewes conceived to first service (%)*° 1/10 (10)* 35/56 (63) 30/47 (64) 36/64 (56)
Pregnancy rate 2" service period (%)’ 36/72 (50) 24/38 (63) 23/41 (56) 25/41 (61)
Ovulation rate® - 19+01 22+02 22+0.2
Number of ewes lambing®:

(a) From 1% service period (%) 0/71 (0)* 33/73 (45) 27/70 (39) 32/76 (42)

(b) Both service periods, %

29/71(41)* 48/73 (66) 45/70 (64) 48/76 (63)

Lambing rate", mean + SE:
(a) Lambing to 1% service period -

0.74+09 0.72+1.0 0.75%x1.1

(b) Both service periods 06+0.1%° 10+01 11+01 1.1%01
Prolificacy', mean + SE:

(a) Lambing to 1% service period - 16+01 19+01 18+0.1

(b) Lambing to both service periods 15+01 15+01 16+01 18+01
Ram Introduction to lambing, d 165+2° 152 + 1 153 + 1 153 + 1

% Progesterone vs control, P < 0.01, ®P12F vs P5F, P < 0.05.

“ Three ewes in P5F and one in the C treatment groups that were detected pregnant at
the first PD were not detected in heat. Two ewes in C and one each in P12F and P5F
were removed because of death or lost ear tags before lambing.

4Number of ewes diagnosed pregnant on d 26 to 31 as a percentage of all ewes in a
treatment group.

¢ Number of ewes diagnosed pregnant on d 26 to 31 as a percentage of ewes marked by
rams.

"Number of ewes pregnant on d 46 to 51 expressed as a percentage of ewes not
pregnant on d 26 to 31.

9Number of CL observed in ewes diagnosed pregnant on d 26 to 31.

f‘ Lambs born per ewe exposed.

' Lambs born per ewe lambing.
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Progesterone priming is necessary for expression of estrus, due to
increased sensitivity to estrogen (Robinson, 1954; Fabre-Nys and Martin, 1991),
and to maximize the ability of estrogen to trigger the preovulatory surge of GnRH
(Caraty and Skinner, 1999). Introduction of rams to anestrous ewes increases
the frequency of pulses of LH (Oldham et al., 1978/1979; Matrtin et al., 1980,
Signoret, 1990), which in turn drives increases in estradiol-173 (Signoret, 1990).
Separation of progestogen withdrawal and introduction of rams may preclude
maximal secretion of LH, reducing the occurrence of estrus and ovulation. The
present results support those of Welch et al. (1984) that abrupt ram introduction
at insert removal stimulated fertile estrus in progesterone-treated, anestrous

ewes.

Follicular Dynamics and Ovulation

Diameters of the largest follicles (F1, F2 and F3) at d O were greater in
progesterone-treated ewes than in controls (P < 0.05; Table 2), however, no
differences in follicular diameter were detected among groups treated with
progesterone. The proportion of F1 follicles that ovulated did not differ in control
and progesterone-treated ewes, or due to FSH. However, within FSH-treated
ewes, those receiving progesterone for 5 d ovulated more F1 follicles (100%)
than those receiving progesterone for 12 d (63%; P< 0.05). Progesterone
treatment increased the proportion of F2 follicles ovulated (69%) compared with

control ewes (17%; P< 0.01).
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Diameters of the ovulatory follicles at d 0 and when last observed were 4.6 and
5.6 mm, respectively (Table 2), and did not differ among treatments. The
ovulatory follicles tended to grow more slowly in progesterone-treated (0.5 £ 0.1
mm/d) than in control ewes (0.8 £ 0.2 mm/d; P = 0.09) and in FSH-treated ewes
receiving progesterone for 5 d (0.3 £ 0.1 mm/d) than for 12 d (0.5 £ 0.1 mm/d; P
= 0.07). Ovulatory follicles observed in the present study were similar in diameter
to those observed in anestrous ewes by Leyva et al. (1998). However, ovulatory
follicles were smaller than in cyclic ewes with normal (6.9 + 0.2 mm) or low (7.8 £
0.3 mm) luteal phase concentrations of progesterone (Johnson et al.,, 1996).
Concentrations of progesterone achieved using the PCL inserts over 12 or 5 d,
although insufficient to mimic the luteal phase during the breeding season (Van
Cleeff et al.,1998), prevented development of persistent follicles in anestrous
ewes.

Ovulation rate as determined by the number of CL present in ewes
diagnosed pregnant (Table 1), did not differ among treatment groups. However,
in ewes that were subjected to frequent ultrasonography, number of follicles > 3
mm (Figure 3) was increased (P < 0.01) by pre-treatment with progesterone
compared with introduction of rams only. The number of follicles > 3 mm also
was greater in FSH-treated ewes than in ewes receiving progesterone only, and
greater in FSH-treated ewes receiving progesterone for 5 rather than for 12 d (P
< 0.05; Figure 3). More follicles disappeared and apparently ovulated in

progesterone-treated than in control ewes (P < 0.05; Table 2). Treatment with
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Table 2. Characteristics of the ovarian follicular population during the periestrous
period in control ewes (C), ewes pre-treated with progesterone inserts for 12 d
without (P12), or with FSH 24 h before insert removal (P12F) and ewes treated

with progesterone inserts for 5 d with FSH 24 h before insert removal (P5F).

Characteristic Treatment

Control P12 P12F PSF SE

N 15 15 16 13
Ewes observed to ovulate, %  33.3 73.3 68.8 46.2 10

Follicle population:

Diameter F1 atd O 482 5.6 55 5.4 0.2
Diameter F2 atd O 3.72 4.4 4.9 45 0.2
Diameter F3 atd O 3.02 3.6 4.0 3.9 0.3

Ovulatory follicles:

Diameter at d 0, mm 4.4 4.6 4.6 4.8 0.4
Diameter at ovulation®, mm 5.9 5.7 5.4 5.4 0.2
Growth rate, mm/day 0.8 0.6 0.5 0.3 0.2
Time of disappearance ©, h 55.2 64.8 55.2 65 11
Number disappeared/ewe 1.3% 2.6 2.2 3.3 0.6

& Progesterone vs control, P < 0.05.
b \When follicle was last observed.
“ Hours after insert removal.
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Figure 3. Population of follicles (>3 mm) during the periestrous period for control
ewes (C, —8__ ), ewes pre-treated with PCL inserts for 12 d without

(P12, B _A

) or with FSH 24 h before insert removal (P12F, ) and ewes
treated with PCL inserts for 5 d with FSH 24 h before insert removal (P5F, ——).
Number of follicles > 3 mm was greater in progesterone-treated than in control
ewes (P < 0.01), in FSH-treated ewes than in ewes receiving progesterone only

and in FSH-treated ewes receiving progesterone for 5 than for 12d (P < 0.05)
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FSH did not increase ovulation rate, but ovulation rate tended to be greater (P =
0.09) in FSH-treated ewes treated with progesterone for 5 d (3.3 £ 0.6) as
opposed to 12 d (2.2 £ 0.4; Table 2). The numerically smaller proportion (46%,
Table 2) of PSF ewes that were observed to have ovulated from ultrasonographic
scanning does not fit with the high proportion of ewes in estrus and pregnant in
that group. The discrepancy may indicate that the scanned ewes were not a
random sample or that the larger number of follicles > 3 mm in these ewes
(Figure 3) reduced the accuracy of observation of disappearance of follicles.
Greater concentrations of progesterone in ewes treated for 5 rather than
for 12 d before treatment with FSH may explain in part the trend for greater
ovulation rate in ewes treated for 5 d. This explanation is consistent with the
observation of greater ovulation rates in response to eCG in ewes pre-treated
with MAP (Leyva et al., 1998) and the increased binding of hCG to granulosal
cells in progesterone pre-treated anestrous ewes (Hunter and Southee, 1987).
Unilaterally ovulating ewes showed greater follicular development on the ovary
that contained the CL (Dufour et al., 1972). Similarly, intraovarian progesterone
increased ovulation rate in ewes treated with eCG (Rexroad and Casida, 1977).
More small follicles grew beyond 3 mm after than before the first ovulation of the
breeding season (Bartlewski et al., 1999b), and pre-treatment with progesterone
increased secretion of testosterone, estradiol, and IGF-I from follicles collected
from anestrous ewes in response to a GnRH challenge (Khalid et al., 1997). All
of these observations support the conclusion that elevated concentrations of

progesterone may enhance responsiveness of follicles to supplemental
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gonadotropins (Walton et al., 1977; Leyva et al., 1998; Bartlewski et al.,

1999a,b).

Conception and Pregnancy rates

Conception and pregnancy rates (Table 1) were greater in progesterone-
treated than in control ewes (P< 0.01) but did not differ among progesterone-
treated ewes. Similar results have been obtained in anestrous ewes inseminated
artificially at estrus following treatment with CIDR + eCG (Maxwell and Barnes,
1986) and in ewes treated with progestogens + eCG (Gordon, 1971; Carpenter
and Spitzer, 1981; Tritschler et al., 1991). In the present study, pregnancy rates
in progesterone-treated ewes were similar to those observed in cyclic ewes
treated with MAP or CIDRs (Rhodes and Nathanielsz, 1988), but lower than
those observed in control ewes during the natural breeding season (Inskeep et
al., 1983; Carlson et al., 1989). Observed conception rates fit with the inability of
new PCL inserts to deliver adequate progesterone to mimic a normal luteal
phase. It has been shown that ewes receiving lower dosages of progestogen
have higher concentrations of estrogen (Hunter and Southee, 1987; Johnson et
al., 1996; Van Cleeff et al., 1998), come into estrus earlier (Lewis et al., 1974;
Van Cleeff et al., 1998), have a shorter interval from progestogen withdrawal to
LH peak (Lewis et al., 1974; McLeod et al., 1982; Van Cleeff et al., 1998), and
ovulate older follicles and are less fertile than ewes on higher dosages of
progestogen (Johnson et al., 1996). Elevated estrogen may indicate a failure to

inhibit progression of follicular development (Van Cleeff et al., 1998), and may
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interfere with sperm transport (Quinlivan and Robinson, 1967) and fertilization
(Allison and Robinson, 1970).

Percentages of ewes lambing from the first or to both service periods were
greater (P < 0.01) in progesterone-treated than in control ewes but did not differ
among progesterone-treated groups (Table 1). Overall, treatment with
progesterone increased ewes lambing by 23 % (P< 0.01). In contrast, Jabbar et
al. (1994) and Wheaton et al. (1992) found no difference in the percentage of
ewes lambing between ewes pre-treated with progestogen and control ewes
during the anestrous period. Wheaton et al. (1992) used lower ewe to ram ratios,
and smaller group sizes, which resulted in greater contact among control ewes,
rams, and treated ewes in estrus. These added stimuli might have enhanced
reproductive activity in control ewes (Martin et al., 1986; Nugent and Notter,
1990). In contrast, Waller et al. (1988) observed a poorer response in a study
with a ram:ewe ratio of 1:50 anestrous ewes. Breed differences and selection for
or use of out-of-season breeding also may explain variation in observed
responses.

In ewes treated with FSH, no differences were observed due to treatment
with progesterone for 5 or 12 d in the number of ewes lambing (Table 1). The
effects of short intervals of progestogen treatment have been reported previously
(Dutt, 1953; Christenson, 1976; Powell et al., 1996; Rodriguez-Iglesias, 1996).
Dutt (1953) injected progesterone at 3-d intervals to anestrous ewes for periods
of 3 to 15 d and found no difference in the percentage of ova fertilized at estrus

after periods of 6 through 15 d. A 2-d progesterone treatment (McLeod and
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Haresign, 1984) or a single injection of 20 mg of progesterone at ram introduction
(Cognie et al., 1982) were adequate to stimulate normal luteal function following
ovulation in response to rams, but estrus did not occur in association with first
ovulation. The percentages of anestrous ewes exhibiting estrus and lambing in
response to treatment with MGA for 8, 11 or 14 d were not different (Powell et al.,
1996). Based on the present and previous studies, 5 d of elevated progesterone
before ram introduction is adequate to prevent the occurrence of short-lived CL
following ovulation, and to induce an immediate fertile estrus in anestrous ewes.
Conception rates for ewes detected in estrus at 24, 36, 48, and after 48 h
from insert removal were 58 + 8, 70 £ 9, 62 + 9, and 25 + 19 %, respectively, with
a lower conception rate after 48 h (P < 0.05). The decline in conception rate at
this time may be associated with increasing asynchrony between time of estrus
and time of ovulation. Ewes bred on the second day after progestogen
withdrawal had greater conception rates than ewes bred later in the service
period (Gordon, 1975). Ovulation and conception rates declined as the interval
from administration of eCG and progesterone withdrawal to estrus increased
(Lunstra and Christenson, 1981a). A decrease in ram fertility may be a possible
explanation. Fertility of rams is greater during fall than during spring (Fitzgerald
and Stellflug, 1991). The number of services per ram decreased during the first
few days of intense breeding (Hulet et al., 1962; Bryant and Tomkins, 1975). In
rams under conditions of continual mating, number of sperm per ejaculate
(Jennings and McWeeney, 1976; Synnott et al., 1981) and number of ejaculates

per 24 h (Synnott et al., 1981) decreased over time. Lower ram fertility in the
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ewes mated later in the service period could be exacerbated by the reduced
sperm transport (Allison and Robinson, 1970; Hawk and Conley, 1971), and
asynchrony of onset of estrus and release of LH (Lewis et al., 1974) in ewes

treated with low dosages of progestogens.

Pregnancy retention

Only one ewe in the C group was diagnosed pregnant to the first service
period. Therefore, comparisons of pregnancy retention for ewes conceiving to
the first service period, were made only among progesterone-treated groups.
Percentages of ewes diagnosed pregnant to the first service period that lambed
were not different (Figure 4; 94 £ 5, 90.5 £ 4, and 89 + 5 % for ewes in treatment
groups P12, P12F, and P5F, respectively). Pregnancy retention rate for ewes
conceiving at the second service period did not differ among treatment groups
and these rates were 76.3 £ 7 and 70.4 £ 4.3 for ewes in C and progesterone-
treated groups, respectively (Figure 4). To compare pregnancy retention at first
versus second service periods, data for all groups were pooled. Ewes
conceiving to the first service period had a greater (P < 0.01) pregnancy retention
rate (90.9 + 3.7) than ewes conceiving at the second service period (72.5 = 4.3).
Embryonic mortality rate in sheep was suggested to be approximately 30%
regardless of whether fertilization rate was considered (Bolet, 1986). However,
Lunstra and Christenson (1981b) estimated that losses of fertilized ova to first
and second service were 15 and 40%, respectively, in ewes synchronized out-of-

season, and 35 and 38%, respectively, in ewes synchronized in season,
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compared with 16% in non-synchronized ewes bred in season. In their study,
fertilization rate was lower out-of-season. In sheep mated during the early
breeding season, maximal loss of embryos immediately preceded d 18 of
pregnancy (Hulet et al., 1956), accounting for almost 50% of total embryonic
mortality (Quinlivan et al., 1966; Bolet, 1986). Embryonic losses were estimated
to be 9.3% after d 18 (Hulet et al., 1956) and 1.3 and 5.3% after d 30 in parous
and non-parous ewes, respectively (Quinlivan et al., 1966). Elevated
temperatures affecting rams before mating (Mieusset et al., 1992) or ewes during
pregnancy (Bell et al., 1987;1989; Vatnick et al., 1991) may be responsible for

high embryonic mortality.

Lambing rate and prolificacy

Overall lambing rate per ewe treated was greater in progesterone-treated
than in control ewes (P < 0.01), primarily due to the failure of control ewes to
lamb from the first service period (Table 1). Prolificacy to the first (1.6, 1.9, and
1.8 + 0.1 for P12, P12F and P5F, respectively) or to both service periods (1.5,
1.5, 1.6, and 1.8 £ 0.1 for C, P12, P12F, and P5F, respectively) did not differ
among individual treatment groups (Table 1). Ovulation and lambing rates during
the anestrus period have been improved by stimulation with eCG (Robinson and
Smith, 1967; Gordon, 1971) or FSH (Ahmad et al., 1996). Ahmad et al. (1996)
reported that a single injection of 8 mg of FSH-P in propylene glycol 12 h before

injection of 20 mg of prostaglandin F,, i.m.,on d 14 after ram introduction
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increased ovulation rates in anestrous ewes treated with 25 mg of progesterone

and joined with rams.



Figure 4. Pregnancy retention rate: Percentages of ewes lambing as a
percentage of ewes diagnosed pregnant as a result of matings at the first (),
second (l ), or both () service periods after ram introduction, for control ewes
(C), ewes pre-treated with PCL inserts for 12 d without (P12), or with FSH 24 h
before insert removal (P12F), and ewes treated with PCL inserts for 5 d with FSH

24 h before insert removal (P5F).
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In the present study, we anticipated a more rapid decline in peripheral
progesterone after insert removal and used a similar dosage of FSH 24 h before
removal of PCL inserts. The effect of FSH on prolificacy was assessed in three
ways. First, groups P12F and P5F were compared with group P12 at the first
service period, a completely contemporary comparison. Second, groups P12F
and P5F at the first service period were compared with control ewes at the
second service period (which was actually the first estrus for most control ewes),
a chronologically contemporary comparison. Finally, groups P12F and P5F at
the first service period were compared with all ewes at the second service period,
during which no FSH were given in any group. The means for prolificacy of ewes
lambing to the first service period, that were treated with (P12 F and P5F) or
without FSH (P12) were 1.85 and 1.64 * 0.1, respectively, and for control ewes
and all ewes lambing to the second service period were 1.5 and 1.4 + 0.1,
respectively. Ewes treated with FSH did not have a higher prolificacy or overall
lambing rate to the first service than ewes treated with progesterone only.
However, prolificacy of ewes conceiving to the first service was greater in FSH-
treated ewes than in control ewes (P< 0.05) or in all ewes lambing to the second
service period (P< 0.01).

In other studies, approaches to increasing prolificacy in anestrous ewes
have been effective only when control values were less than the genetic potential
for the breed. Lopez-Sebastian and Inskeep (1991) observed breed differences
in response to melatonin; maximal responses occurred in a breed with an

ovulation rate of 1.2 in control ewes. Treatment of anestrous ewes with melatonin
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for 4 to 5 wk increased prolificacy to estrus synchronized with ram introduction
and prostaglandin F,4 in flocks in which prolificacy of control ewes was less than
1.6 (E. K. Inskeep, A. Lopez-Sebastian, P. S. Blackwood, and P. E. Lewis,
unpublished data). Prolificacy was not improved by the gonadotropin preparation
PG-600 in anestrous ewes, in which prolificacy was 1.9 in ewes receiving
progestogen alone or 1.82 in control ewes (Safranski et al., 1992). Prolificacy to
the first service period in the FSH-treated, anestrous ewes in the present study
was similar to that in anestrous ewes in which eCG was used (Hamra et al.,
1989; Tritschler et al., 1991; Safranski, et al., 1992). Further, prolificacy in the
present study was comparable to (Ainsworth and Downey, 1986; Carlson et al.,
1989) or higher than (Greyling and Brink, 1987) that obtained in cyclic ewes

synchronized with CIDRs.

Lambing pattern

The mean interval from ram introduction to lambing was shorter by 12 to
13 d (P < 0.05; Table 1) in progesterone-treated ewes than in the control group.
The majority of progesterone-treated ewes that lambed did so during the first 8 d
(60 to 70 %) of the lambing period with a secondary peak in lambing between d
16 and 25 (30%; Figure 5). Carlson et al. (1989) reported a similar pattern of
lambing; in their study, 74% of progesterone-treated ewes lambed within 6 d,
with a second period of lambing an average of 16 d later. Ram introduction
without pre-treatment with progestogen leads to two peaks of estrous activity in

anestrous ewes (Oldham and Martin, 1978/1979; Oldham et al., 1978/1979)
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because of the development of some normal and some short-lived corpora lutea
(Oldham and Martin, 1978/1979; Oldham et al., 1985). This phenomenon
explains the more scattered pattern of lambing in control ewes lambing from the
second service period (Figure 5). The existence of a second lambing peak in
progesterone-treated ewes in the present study indicates that the combination of
PCL inserts and ram introduction stimulated occurrence of at least 2 consecutive
fertile estrous periods during the anestrous season.

In conclusion, the intravaginal inserts studied did not deliver adequate
progesterone to mimic luteal phase peripheral concentrations during the breeding
season. However, amounts delivered were able to induce fertile estrus when
combined with ram introduction and increased proportions of ewes lambing to the
first service and overall, compared with ram introduction alone. Treatment for 5
d was as effective as 12 d and may be more practical under field conditions.
Treatment with FSH 24 h before insert removal at the dosage and timing used
did not increase prolificacy to the first service over that observed in ewes treated
with progesterone only. The FSH-treated ewes had more lambs from matings at
the first service period than either control ewes or all ewes lambing to the second
service period. Therefore, FSH may ensure that lambing rates of ewes bred

during anestrus towards that seen during the breeding season.
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Figure 5. Cumulative percentages of ewes lambing in control ewes (C, —'—),
ewes pre-treated with PCL inserts for 12 d without ( P12, -B), or with FSH
24 h before insert removal (P12F, —A__) and ewes treated with PCL inserts for

5 d with FSH 24 h before insert removal (P5F, _ _ ).
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SHORT-TERM TREATMENT WITH A CONTROLLED INTERNAL DRUG
RELEASING (CIDR) DEVICE AND FSH TO INDUCE FERTILE ESTRUS AND

INCREASE PROLIFICACY IN ANESTROUS EWES
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INTRODUCTION

Breeding ewes during the anestrous period has relied on two general
approaches, use of the "ram-effect” (Underwood, 1944; Schinckel, 1954) and
progestogen-based therapies (Dutt, 1953; Boland et al., 1981; Wheaton, 1990).
The efficacy of the ram effect alone in inducing out-of-season breeding is
variable (Oldham and Cognie, 1980; Oldham and Fisher, 1992). More ewes lamb
when the ram effect is combined with progesterone (Knights et al., 2000).
Progestogens either alone (Wheaton, 1990; Jabbar et al., 1994; Knights et al.,
2000) or with gonadotropin at the end of progestogen pretreatment (Dutt, 1953;
Powell et al., 1996; Knights et al., 2000) have been used to induce fertile estrus
in anestrous ewes. However, pregnancy rates of progestogen-synchronized
ewes were lower during anestrus than during the breeding season (Crosby et al.,
1991). Fertility was related positively to concentrations of progesterone during
treatment (Robinson and Smith, 1967; Robinson et al., 1968; Pearce et al., 1985;
Johnson et al., 1996), probably as a result of increased sperm transport (Hawk
and Conley, 1971), more appropriate patterns of follicular development (Johnson
et al., 1996), and timing of the LH surge in relation to the onset of estrus (Lewis
et al., 1974; Van Cleeff et al., 1998). Release of progestogen from delivery
devices declines over time (Morgan et al., 1967; Allison and Robinson, 1970).
Therefore, a short-term treatment provides exposure to higher average
concentrations of progestogen during the treatment period. Such treatments (5

to 8 d) have been effective in anestrous ewes (Christenson, 1976; Rodriguez-
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iglesias, 1997). Because ovulation rate and prolificacy (litter size) are lowest
during the spring/summer period (Mallampati et al. 1971; Hall et al., 1986),
gonadotropin treatment at the end of progestogen treatment has been used to
increase prolificacy of ewes bred out-of-season (Hacket et al., 1982; Hamra et
al., 1989; Safranski et al., 1992).

Recently, Knights et al. (2000) reported that a 5-d treatment with a
redesigned intravaginal progesterone insert (0.8 g progesterone in
polycapralactone) with FSH at insert removal, stimulated fertile estrus as
effectively as a 12-d treatment with FSH, and resulted in prolificacy comparable
to that observed during the normal breeding season. In that study, no
comparison was made to a 5-d treatment without FSH. Because release of
progesterone was less with the newer prototype (Knights et al. 2000) than with
the original CIDR-G device (0.3 g progesterone in silicone; Ainsworth et al.,
1986; Carlson et al.,, 1989), the newer prototype was abandoned. The
effectiveness of a short-term treatment using the original CIDR-G had not been
evaluated. Therefore, the objectives of this study were to determine whether a
5-d treatment with progesterone, delivered by a CIDR-G device, induces fertile
estrus and whether FSH in combination with the insert increases ovulation rate

and prolificacy in anestrous ewes.
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MATERIALS AND METHODS

General

The study was conducted during the period May to early August 1999.
Ewes of mixed breeding, mostly involving Suffolk and Dorset, on 7 farms were
available for the study (n = 729). Ewes were managed on mixed grass pastures,
and were brought into barns or holding lots during treatment and the first service
period. Ewes with serum concentrations of progesterone > 0.6 ng/mL in a
sample collected 3 d before the start of the experiment were considered not to be
in anestrus and were not assigned to the study (n = 71). Five ewes were
excluded due to poor body condition or health.

The remaining 653 ewes were assigned at random within face color (white,
black or mottled) to one of three treatment groups. Ewes served as controls (C,
n = 125), or were assigned to one of two progesterone-treated groups. Each
ewe in one progesterone-treated group received a CIDR-G® device (Interag,
Hamilton, New Zealand) for 5 d (P5, n = 257). Ewes in the second group
received the CIDR-G and a single dose of FSH (Folltropin®; Vetrepharm,
Ottawa, Canada) im, 24 h before insert removal (P5F, n = 271). The dosage of
FSH was equivalent to 55 mg NIH-FSH-P1 and was dissolved in
saline/propylene glycol 1:4, v:v, the dosage used previously by Knights et al.
(2000). Raddled rams that had been tested for breeding soundness (Kimberling
and Marsh, 1991) were introduced to all ewes at insert removal (IR). Ewes on
each farm were run together initially with all rams, at a ewe:ram ratio not

exceeding 15:1 throughout the synchronized breeding period (Days 0 through 3).
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Ewes were observed for estrus every 24 h on Days 1 through 3. After each
observation for estrus, briskets of rams were repainted to ensure that mounted
ewes were clearly marked. After the synchronized breeding period, the ewe:ram
ratio was increased to not more than 25:1, and rams remained with ewes for 26
to 30 d. Ewes were expected to have two peaks of breeding activity, a first
service period (Days 1 through 3) during which progesterone-treated ewes would
show estrus and a second service period (Days 16 through 24) during which
control ewes and progesterone-treated ewes that did not conceive to the first
service period would be mated.

Progesterone-treated ewes marked by rams during days 1 through 3 were
examined by transrectal ultrasonography on Days 10 to 14 to determine
ovulation rate (Schrick et al., 1993), and on Days 26 to 31 for pregnancy
determination (Schrick and Inskeep, 1993). At pregnancy diagnosis, all rams
were removed. All ewes were reexamined 20 to 25 days later (Days 46 to 51
after IR) to detect pregnancies from the second service period and any
pregnancy losses that had occurred after the initial pregnancy diagnosis.

Lambing dates and numbers of lambs born were recorded. Pregnancy
retention was determined by expressing ewes lambing as a percentage of ewes

diagnosed pregnant on either Days 26 to 31 or 46 to 51.

Statistics
Analysis of variance was conducted using GLM procedures of SAS, with

farms as blocks, to evaluate the fixed effects of treatments. Orthogonal contrasts
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tested were (a) treated with progesterone vs control, and (b) FSH vs no FSH.
Response variables for the first service period included proportion of ewes
marked by rams (estrous response), ewes diagnosed pregnant of ewes marked
(conception rate) and of ewes treated (pregnancy rate), ewes lambing of ewes
diagnosed pregnant (pregnancy retention rate), lambs born per ewe treated
(lambing rate) and lambs born per ewe lambing (prolificacy). For the second
service period, pregnancy rate, lambing rate, pregnancy retention rate and
prolificacy were compared. For prolificacy, additional comparisons were made
between the first service period for FSH-treated ewes and the second service
period for C ewes and all ewes. The pattern of estrous response relative to time
after ram introduction and the effect of time of onset of estrus on conception rate
and interactions of time with treatment were assessed in progesterone-treated

ewes using orthogonal polynomial comparisons.
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RESULTS

Retention of Progesterone Inserts

The retention rate for the CIDR devices was 97.3%. Eight of the 14 ewes in
which CIDR devices were not found were marked by rams. Data for these ewes
were included in all analyses to assess the overall effectiveness of the CIDR

device.

Estrous Response and Distribution

The percentage of ewes marked by rams was higher in
progesterone-treated (77 £ 1.5; P < 0.01) than in C ewes (20 * 3.6; Table 3), but
did not differ due to FSH. The estrous response was quadratic relative to time
after ram introduction (P < 0.05), and the treatment x time interaction was not
significant (P > 0.10). The percentages of ewes treated with progesterone that
exhibited estrus at 24, 48 and 72 h after ram introduction were 9, 48 and 19%,

respectively.

Conception and Preghancy Rates

Conception and pregnancy rates to the first service period in
progesterone-treated ewes (66-70 and 52-53%, respectively) were significantly
higher (P < 0.01) than those in control ewes (0 and 0%, respectively).
Conception and pregnancy rates to the first service period did not differ between

ewes treated with progesterone alone (70 and 53%, respectively) and ewes
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receiving progesterone and FSH (66 and 52%, respectively). Conception rate
varied quadratically (P < 0.05) with time from ram introduction to onset of estrus.
Mean conception rates were 58.5 + 6.1, 70.9 £ 2.9, and 61.7 + 5.1 for ewes
detected in estrus 24, 48 and 72 h after ram introduction, respectively. Mean
pregnancy rate to the second service period was 52.6 £ 1.2 and did not differ

among treatment groups.

Percentage of Ewes Lambing
The percentages of ewes lambing to the first and both service periods

were higher (P < 0.01) in progesterone-treated ewes than in control ewes but did
not differ between progesterone-treated groups (Table 3). Within
progesterone-treated groups, more ewes conceived and lambed during the
second service period if they had expressed estrus but did not conceive at the
first service period (62.5 + 4.3 and 54.2 £ 4.3%; P < 0.01), than if they did not
exhibit estrus at the first service period (37.7 £ 4.4 and 27 + 4.1%, respectively).
Ovulation Rate, Lambing Rate and Prolificacy

Ovulation rate (1.95 = 0.04; Table 3) did not differ between ewes receiving
progesterone alone and ewes receiving both progesterone and FSH. None of
the control ewes lambed from mating during the first service period, so lambing
rate and prolificacy to the first service period were compared only among
progesterone-treated groups. The lambing rate to the first service period (0.72 £
0.04) did not differ between progesterone-treated groups. The overall lambing

rate was higher in progesterone-treated (P < 0.05) than in control ewes, and
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tended to be higher (P = 0.07) in ewes treated with FSH and progesterone than
in ewes treated with progesterone alone (Table 3). Prolificacy in ewes lambing to
the first service period tended to be higher in FSH-treated ewes (1.67 £ 0.06)
than in ewes receiving only progesterone (1.50 £ 0.05; P = 0.06). The
FSH-treated ewes lambing to the first service period tended to have higher
prolificacy than all ewes lambing to the second service period (1.48 + 0.04; P =
0.06; Table 3). Neither prolificacy to the second service period (1.48 + 0.04) nor

overall prolificacy (1.54 + 0.03) differed significantly among treatment groups.
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Table 3. Summary of reproductive performance of anestrous ewes in response to ram

introduction (C), or ram introduction + 5-d CIDR pre-treatment without (P5) or with FSH

(P5F).
Variable/Treatment C P5 P5F
Total number of ewes 125 257 271
Ewes in estrus®, % 20 75° 79°
Ovulation rate - 195+0.1 1.96+0.1
Conception rate?, % 0 702 662
Pregnancy rate, %
First service period® 0 532 522
Second service period* 57 45 54
Percent ewes lambing, %
First service period 0 46° 46°
Both service periods 45 63°% 67%
Lambing rate®, (mean + SE)
First service period 0.68+0.1 0.77+0.1
Both service periods 0.70 £ 0.1 0.96 + 0.1° 1.07 +0.1°
Prolificacy®, (mean + SE)
First service period - 150+0.1 1.67+0.1
Second service period 1.52+0.1 1.47+0.1 147+0.1
Overall 1.52+0.1 1.49+0.1 1.60+0.1

2 (P < 0.01),” (P < 0.05) progesterone vs control.

"Number of ewes marked by raddled rams as a percentage of all ewes treated.

“Number of ewes diagnosed pregnant on Days 26 to 31 as a percentage of ewes exhibiting estrus.

®Number of ewes diagnosed pregnant on Days 26 to 31 as a percentage of all ewes treated.

*Number of ewes pregnant on Days 46 to 51 expressed as a percentage of ewes not pregnant on

Days 26 to 31.
®Lambs born per ewe exposed to rams.

®Lambs born per ewe lambing. First service period P5 vs P5F ; P = 0.06.
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Figure 6. Pregnancy retention rate: Ewes lambing as a percentage of ewes
diagnosed pregnant as a result of matings at the first, second, or both service
periods after ram introduction, for control ewes (C), and ewes pre-treated with

CIDR devices for 5 d without (P5), or with FSH 24 h before insert removal (P5F).
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Retention of Pregnancy

Pregnancy retention rates are shown in Figure 6. The pregnancy retention
rate averaged 84.6 £ 1.7% for both service periods and tended to be higher in
ewes conceiving at the first service period (87.6 £ 2.0%) than at the second
service period (80.4 = 2.8%; P = 0.07). Of the ewes diagnosed pregnant to the
first service period on Days 26 to 31, 93.8 = 1.0% were still pregnant when

examined on Days 46 to 51.
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DISCUSSION

Treatment of anestrous ewes with progesterone for 5 days before ram
introduction was adequate to induce fertile estrus, confirming our earlier results
(Knights et al. 2000). Similarly, anestrous ewes that received progesterone
injections for 3 to 6 d (25 to 30 mg/d; Dutt; 1953; Robinson, 1955),
medroxy-progesterone-acetate (MAP) sponges for 6 d (10 or 60 mg; 37) or feed
containing melengesterol acetate for 8 d (0.25 mg/d; 30) showed estrus after ram
introduction.  Pretreatment with progesterone increased the sensitivity of
behavioral centers in the brain to estradiol (Robinson, 1955; Fabre-Nys and
Martin, 1991) and prevented the formation of short-lived corpora lutea (CL) after
ram introduction (Cognie et al., 1982; McLeod and Haresign, 1984; Pearce et al.,
1985). The minimum time of progesterone exposure needed to increase the
behavioral response of ewes to estrogen is probably 3 to 5 days (Dutt, 1953;
Robinson, 1955; Knights et al., 2000, present study). Increasing the duration of
progesterone pretreatment probably offers little advantage in terms of estrous
response (Dutt, 1953; Robinson, 1955; Christenson, 1976; Powell et al., 1996;
Knights et al., 2000). The estrous response did not differ in ewes exposed to
different dosages of MAP incorporated in sponges (15 to 60 mg for 9 d); near
maximal estrous response was observed at the lowest dosage (Rodriguez-
Iglesias, 1997).

Improved fertility in ewes synchronized with higher dosages of progestogen
is probably due to improved sperm transport (Hawk and Conley, 1971),
synchrony of onset of estrus and LH surge (Lewis et al., 1974; Van Cleeff et al.,

1998), or patterns of follicular development (Johnson et al., 1992). More ewes
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were marked between 24 and 48 h after ram introduction than any other period.
This is consistent with a mean time from ram introduction to estrus of 40 to 50 h
(Robinson and Smith, 1967; Robinson et al., 1968) and with peak estrous
response on Day 2 after withdrawal of progestogen and ram introduction
(Gordon, 1971). However, higher dosages of progestogen may increase the
interval from ram introduction to estrus (Lewis et al., 1974; Rodriguez-lglesias,
1997).

The conception rate in progesterone-treated ewes was comparable to that
observed during the breeding season (Ainsworth and Downey, 1986; Greyling
and Brink, 1987; Rhodes and Nathanielsz, 1988). The conception rate
responded quadratically in relation to time of estrus after ram introduction and
was highest in ewes detected in estrus at 48 h. Gordon (1971) also reported the
highest conception rates on the second day after ram introduction. The higher
conception rates in ewes detected in estrus at 48 h may be due to a greater
synchrony of time of ovulation and mating. The majority of anestrous ewes
ovulate between 36 and 62 h after ram introduction (Oldham et al., 1978/79),
which coincides with the time when the most ewes are in estrus.

Among progesterone-treated ewes, ewes expressing estrus but failing to
conceive at the first service period were twice as likely to become pregnant and
to lamb from the second service period as ewes that were not detected in heat at
the first service period. Introduction of rams to anestrous ewes increases LH
pulse frequency, which in turn drives increases in estrogen (Oldham and Fisher,

1992). Increasing concentrations of estrogen stimulate the progesterone-primed
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brain, inducing estrus (Robinson, 1954; Fabre-Nys and Martin, 1991) and
triggering the LH surge and ovulation (Martin et al.,, 1986; Signoret, 1990;
Oldham and Fisher, 1992). Ewes that failed to ovulate at the first service period
lacked progesterone, which could preclude them from expressing estrus at the
second service period. Ewes that fail to show estrus may not be secreting
adequate amounts of estrogen to stimulate both estrus and ovulation. In a
previous study (Knights et al.,, 2000), measurement of estradiol-173 in serum
samples that were collected at 12-h intervals during the first 48 h after ram
introduction in progesterone pre-treated ewes demonstrated that both the mean
and peak concentrations of estrogen were lower in ewes that did not express
estrus than in ewes that expressed estrus (4.0 £ 0.1 and 4.2 £ 0.3, vs 4.7 = .1
and 5.1 + 0.3 pg/mL , respectively; M. Knights, unpublished observations).

The overall percentage of ewes lambing was 20 points higher in
progesterone-treated than in control ewes. Abrupt introduction of rams to
anestrous ewes induces one or two ovulations without estrus before an ovulation
associated with estrus (Schinckel, 1954; Oldham et al., 1978/79; Martin et al.,
1986). Reversion to an anestrous state usually follows the second induced
ovulatory activity and estrus, however some ewes may never re-ovulate or
exhibit estrus (Oldham and Fisher, 1992). The higher percentage of ewes
lambing in treated groups probably reflects the ability of progesterone
pretreatment and ram introduction to stimulate potentially fertile (ovulatory) estrus

at least twice before reversion to an anestrous/anovulatory state.



109

The pregnancy retention rate tended to be higher in ewes conceiving at the
first (88%) than at the second service period (80%). In our previous study
(Knights et al. 2000), the pregnancy retention rate was 91% to the first service
period and 73% to the second service period. In the ewes diagnosed pregnant to
the first service period, approximately half (6.2 percentage points) of the
pregnancy losses occurred between Days 26 to 31 and 46 to 51 with the other
half occurring after this period. The overall pregnancy loss observed in ewes
bred out-of-season in the two studies (15%) was higher than that reported for
parous and non-parous ewes bred during the natural breeding season (1.3 and
5.3% after Day 30, respectively; Quinlivan et al., 1966). Decreased placental
supply of nutrients, elevated temperatures during pregnancy (Bell et al., 1987,
Vatnick et al., 1991) and elevated scrotal temperatures of rams (Mieusset, 1992)
have been associated with late embryonic mortality. Progressively higher
ambient temperatures during the spring/summer months may explain pregnancy
losses overall as well as the greater loss to the second service period. Further
studies to determine the time of pregnancy loss in ewes bred out-of-season and
its relationship to ambient conditions are warranted.

Lambing rates were higher in progesterone-treated than in control ewes.
This was due primarily to a higher percentage of ewes lambing, as overall
prolificacy did not differ between progesterone-treated and control ewes. Ewes
treated with FSH and lambing to the first service period tended to have higher
prolificacy than ewes treated with only progesterone and lambing to the first

service period and all ewes lambing to the second service period. The
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pregnancy loss observed may only partially reflect overall embryonic and fetal
mortality. In ewes carrying multiple embryos or fetuses, high ambient
temperatures and decreased nutrient supply to the fetus may cause the selective
loss of some embryos (Bell et al.,, 1987; Vatnick et al.,, 1991). Losses of
individual embryos without total loss of pregnancy have been documented during
the breeding season (Schrick and Inskeep, 1993). Such an occurrence will limit
potential benefits of FSH-treatments.

It can be concluded that a 5-d treatment with progesterone before ram
introduction is sufficient to induce fertile estrus in anestrous ewes. The FSH
administered 24 h before withdrawal of progesterone tended to increase lambing

rates and prolificacy.
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ABILITY OF RAM INTRODUCTION TO INDUCE LH SECRETION, ESTRUS

AND OVULATION IN FALL-BORN EWE LAMBS DURING ANESTRUS.
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INTRODUCTION

The sheep industry benefits from fall lambing by being able to provide
annually a consistent supply of fresh product to the consumer. A source of
inefficiency in fall lambing systems is the later age at first lambing for fall-born
ewe lambs relative to spring-born lambs. Ewes bred as lambs produce more
lambs and more kilograms of lamb than their flock mates bred first as yearlings
(Spencer, 1942; Hohenboken et al., 1977). A critical photoperiod required for
the normal timing of puberty is the exposure to long days followed by short days
(Yellon and Foster, 1985). Fall-born ewe lambs are first exposed to this
photoperiodic regimen during late summer and early fall. Therefore the
attainment of puberty in fall-born lambs is delayed until they are between 10 and
12 months of age (Vesely and Swiersta, 1987; Forcada et al., 1991). Ewe lambs
born in fall reach the age and weight that are associated with the commencement
of puberty in their spring-born counterparts during the anestrous period. In order
for the ages at first lambing in fall and spring lambing systems to be comparable,
fall-born ewe lambs must therefore be bred during the period of seasonal
anestrous. Some success has been achieved in breeding fall-born ewe lambs
during the anestrous period using equine eCG after progestogen priming alone
(Burfening and Van Horn, 1970) and in combination with manipulation of
photoperiod (Ainsworth and Shrestha, 1987; Ainsworth et al., 1991). However,
attempts to induce fertile mating during anestrus in fall-born ewe lambs with ram

introduction alone (Lopez-Sebastian et al. 1985) or with progestogen pre-
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treatment independent of exogenous gonadotropins (Burfening and Van Horn,
1970) have not been successful. Only 11 percent of fall-born ewe lambs were
bred when exposed to rams during spring/early summer (Al-Shorepy and Notter,
1996). Notter (1992) suggested that it may be very difficult to get fall-born ewe
lambs to lamb at 12 months of age (an industry goal), and indicated that no
satisfactory system exists for introducing fall born ewe lambs into an out-of-
season production system.

Ram introduction increased LH pulse frequency in anestrous ewes
(Atkinson and Williamson, 1985; Martin et al., 1986; Goodman, 1994). Increases
in LH pulse frequency probably promote follicular development (Atkinson and
Williams, 1985) and increase estrogen secretion, which in turn triggers an LH
surge and ovulation (Oldham et al., 1978/79). Anestrous ewes pre-treated with
progestogens expressed estrus at the ram-induced ovulation (Knights et al.,
2000). Secretion of LH increases and becomes more variable 1-5 weeks before
the first pubertal rise in progesterone (Foster and Ryan, 1979; Keisler et al.,
1983; 1985; Huffman et al., 1987). Increases in both the basal concentration of
LH and LH pulse frequency are presumably required to stimulate increases in
estrogen secretion and to trigger the LH surge and ovulation (Foster and Ryan,
1981; Keisler, 1983). Ewe lambs born in March (spring) did not show an
increase in LH pulse frequency until September or ovulate until October in
response to ram introduction (Al-Mauly et al., 1991). Further, Lopez-Sebastian et
al. (1985) did not observe increases in the concentration of LH or an LH surge in

response to ram introduction before the transition from anestrus to the breeding
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season (i.e. August/September) in ewe lambs born in November (fall).
Therefore, the lower response to estrous induction procedures in ewe lambs and
yearlings in the absence of gonadotropin treatment may be related to the failure
of ram introduction to induce increases in LH pulse frequency, and ovulation.
The aim of the present study was to determine if ram introduction could induce
increases in LH pulse frequency, follicular development, an LH surge and
ovulation in fall-born ewe lambs. A second objective was to determine if
progesterone pre-treatment with or without estrogen could induce estrous
behavior and ovulation in fall-born ewe lambs introduced to rams during seasonal

anestrus.

MATERIALS AND METHODS:

Animals and Treatments

The study was conducted in early July 2000, using crossbred ewe lambs
of mixed breeding that were not exposed to rams prior to the study. Ewe lambs
were born the previous November and averaged 251 d of age and 41.8 + 0.6 kg
body weight, respectively.

Lambs were assigned randomly to receive no treatment (C, n = 7), to be
introduced to rams (R, n=7), to be pre-treated with progesterone for five days (P,
n = 5), treated with progesterone and introduced to rams (PR, n = 11) to receive

the latter treatment plus an injection of estradiol benzoate (25 pg, i.m.) one day
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(d1) after ram introduction/progesterone withdrawal (PER, n = 11). Progesterone
was provided with CIDR devices previously used for five days in mature ewes.
Used CIDR devices ( six days) were shown to be effective in inducing fertile
estrus in anestrous ewes (Ungerfeld and Rubianes, 1999). To ensure that ewe
lambs were stimulated properly by ram introduction, rams were joined
continuously with them, at a ram to ewe lamb ratio of 1.7, and while confined

inside a holding lot (74 m?).

Blood Collection

Blood samples for the determination of LH pulse frequency were collected
via jugular venipuncture every 15 minutes for 8 h from 12 through 20 h after ram
introduction (T = 0) from lambs in C and R treatment groups. Blood samples
were collected every 4 h for 60 h beginning at ram introduction/progesterone
withdrawal for determination of the mean concentration of LH and the LH surge

profile in all lambs.

Follicular Development, Estrus and Ovulation

Follicular development was monitored utilizing transrectal ultrasonography
(Schrick et al., 1993) at 0, 36 and 60 h after ram introduction/progesterone
withdrawal. All follicles greater than 3 mm in diameter were recorded and the
subsequent growth, atresia or disappearance of these follicles were monitored.
Follicles = 4 mm were judged to have ovulated if they were not present at the

subsequent examination (Schrick et al., 1993). Growth rate of the largest follicle
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was determined retrospectively as the change in diameter between 0 and 36 h.

Lambs were observed for raddle marks (estrus) every 4 h from 0 to 60 h.

LH Determination

Concentration of LH was measured in 100 to 200 pul aliquots of serum by
RIA as previously described by (Whisnant and Goodman, 1988) using anti-ovine
LH (oLH) serum CSU204 (Estienne et al., 1989). The average minimal
detectable dose was 0.1 ng/tube (NIH-S24). The interassay and average

intraassay coefficients of variation were 13.6 and 13 %, respectively.

Analysis

LH pulses were detected by PC Pulsar analysis (Gitzen and Ramirez,
1986). The onset of the LH surge was defined as the time of the first sample in
which the concentration of LH exceeded the base line (mean of first three
samples) by two standard deviations and remained elevated for at least two
consecutive samples. The amplitude of the surge was defined as the highest
value minus the baseline. The duration of the surge was defined as the period
when concentration of LH remained elevated over the baseline by two standard
deviations. The characteristics of the LH surge profile (initiation, amplitude,
duration, area under the curve (AUC) and the relationship of these characteristics
to patterns of follicular development were analyzed by ANOVA using the GLM
procedure of SAS. The proportion of ewes showing an LH surge, ovulating or

displaying estrus was analyzed by the CATMOD procedure of SAS. Differences



117

in the LH pulse frequency (pulses/8h) of lambs in treatment groups R and C were

analyzed using the Student’s t-test.

RESULTS

Follicular Development

No differences were detected in the diameter of the largest follicle before
ram introduction (mean, 3.2 + 0.2 mm) and at 60 h after ram introduction (4.3 +
0.6 mm) among treatment groups. At 36 h the diameter of the largest follicle was
greater (P < 0.05) in R or PR than in C or P groups, and in R than PER treatment
groups (P < 0.05; Table 4). The growth rate of the largest follicle between 0 and
36 h did not differ among groups exposed to rams but was greater (P < 0.05;
Table 4) in all ram-exposed ewe lambs than in C lambs and in lambs exposed to
rams alone (R) than in lambs treated with progesterone only (P).

The number of follicles 23 mm was not different among treatment groups
at 0 h. At 36 h, the number of follicles >3 mm was greater in lambs in group R
than in group C (P < 0.05). At 60 h the number of follicles 23 mm was greater in

group C than in all groups introduced to rams (P < 0.05; Table 4).

LH Pulse Frequency and Profile of the LH Surge
During the 8 h sampling period between 12 and 20 h after ram
introduction, ewe lambs introduced to rams had a higher mean concentration of

LH (P <0.01; Table 5) than lambs in the control group. LH pulse
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Table 4. Follicular development and ovulatory and estrous responses in control (C), ram-exposed

(R), progesterone-pre treated (P) and ram-exposed, progesterone-pre treated lambs without (PR)

or with estrogen (PER).

Treatment

Variable C R P PR PER
N*“ 7 7 5 11 11
Diameter of the largest
follicle (mm):

a. Oh 3.3+0.2 3.3+£0.2 3.2+0.2 3.1+£0.3 3+x0.0

b. 36h 33+0.9° 56+02° 38+04° 51+05° 43+04"

c. 60h 44+04 4.8+0.8 33+13 40x1.0 4.0+0.6

d. Estrus - - - 58+0.2 5.0 £0.5
Growth rate (mm/d)? 0.0+0.6° 1.5+02° 04%02® 13+03* 09+03°
No. follicles =3 mm

a Ooh 1.3+0.2 1.6+0.3 1+0.0 1.7+0.4 2404

b. 36h 0.8+0.4> 1.9+03° 1+00% 1603 1.320.2°

c. 60h 1.7+04° 07+02* 1+03® 06+02° 03+0.2°
No. follicles = 4 mm (at
onset of estrus) ND* - ND 1.2+0.2 1.1+0.3
Lambs in estrus (%) ND 0’ ND 45.5% 81.8°
Lambs ovulating (%) 0° 85.7° 0° 333" 71.4 %

" Number of lambs per treatment group

% Follicular development and ovulation were monitored in 9 lambs in treatment group PR and 7

lambs in treatment group PER and in all lambs in the other groups

® Growth rate of the largest follicle measured between 0 and 36 h

* ND = not determined

a, b, c

Means in the same row with different superscripts differ significantly (P < 0.05).
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frequency increased (P < 0.05) from 2.7 £ 0.8 (range 1-5) pulses/8h in control
lambs to 7.7 = 0.5 (range 4-10) pulses/8h in lambs introduced to rams (Table 5).

During the 60 h following ram introduction, the mean concentration of LH
was higher (P < 0.01; Table 6) in ewe lambs introduced to rams compared to
control lambs and lambs pre-treated with progesterone alone. Among groups
introduced to rams mean concentration of LH was higher (P < 0.05) in lambs
receiving estrogen than in lambs pre-treated with progesterone and introduced to
rams only (Table 6).

The percentage of lambs in which a detectable LH surge was induced was
0, 0, 100, 72.7 and 100 %, for treatment groups C, P, R, PR and PER,
respectively (Table 6). As none of the lambs in groups C or P showed an LH
surge, characteristics of the LH surge profile were only analyzed in groups
introduced to rams.

Among ram-exposed groups there were no differences in the percentage
of ewe lambs in which an LH surge was induced. The time to initiation of the LH
surge was greater in ewe lambs pre-treated with progesterone and introduced to
rams than in lambs that also were treated with estrogen (P < 0.01) or those

introduced to rams alone (P < 0.05; Table 6).
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Table 5. Mean concentration of LH and LH pulse frequency and amplitude during
12 to 20 h after ram introduction in control (C) ewe lambs and ewe lambs

introduced to rams (R).

Variable Control (C) Ram-exposed (R)
Mean LH (ng/mL) 1.8 +0.18% 2.8+.14°
Pulse Frequency (Pulses/8 h) 27+0.8° 7.7 +0.59
Mean Pulse Amplitude (ng/mL) 43+1.0 4.8+0.3

Means with different superscripts in the same row differ significantly a, b (P < 0.05); c,d (P <

0.01).
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detectable LH surge and characteristics of the LH surge profile during the first 60

h after ram introduction for control (C), ram-exposed (R), progesterone-

pretreated (P), and ram-exposed progesterone-pretreated lambs without (PR) or

with estrogen (PER).

Treatment
Variable C R P PR PER
N* 7 7 5 11 11

Mean LH (ng/mL) 27+03" 142+28" 37+04* 97+18" 17.6 + 3.2"
Lambs with an LH surge (%) 02 100° 0 72.7° 100°
Start of LH surge (h) - 32.6 + 4.6™ - 435+ 3.8%° 33+1.2°
Duration of LH surge (h) - 13.7+0.38 - 125+1.2 11.6+0.8
AUC (ng)* - 176.3 % 24.2 - 156.3+46.1  223.9+28.3
Amplitude of LH surge (ng/mL) - 112.2 + 23.6% 89.6+19.3°  151.6+19.8°

* Number of lambs per treatment group

% Area under the curve, estimated as the sum of the concentration of all samples collected during

the LH surge

2" means in the same row with different superscript differ significantly (P< 0.01) ¢, d (P < 0.05).
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The mean amplitude of the LH surge was greater in estrogen-treated,
progesterone primed lambs (P < 0.05; 151.6 £ 19.8 ng/mL) than lambs primed
with progesterone and introduced to rams (89.6 £ 19.3 ng/mL), but did not differ
from that observed in lambs introduced to rams only (112.2 + 23.6 ng/mL; Table
6). Among lambs in the PR treatment group, 2 lambs showed an earlier start to
the LH surge (30 = 2 vs 48 + 3.3 h) and the amplitudes of their LH surges were
greater (161.4 £+ 3.31 vs 60.46 = 6.67 ng/ml; P < 0.05) than those of the other 5

lambs that had an LH surge.

Estrus and ovulation

Only progesterone-pretreated lambs expressed estrus (Table 4).
Estrogen increased the percentage of lambs that exhibited estrus (P < 0.05; 82
and 46% for lambs in PER and PR groups, respectively). Estrogen had no effect
on the mean time to onset of estrus (40 + 3.1 and 41.6 = 4.1 h for lambs in PER
and PR treatment groups, respectively. Neither the size of the largest follicle or
the number of follicles = 4 mm at estrus differed among treatment groups.
Ovulation was detected only in ewe lambs exposed to rams (Table 4). Among
groups joined with rams the percentage ovulating by 60 hours after ram
introduction was greater (P < 0.05) in lambs exposed to rams alone (86%) than
those also pre-treated with progesterone (33%). Although the percentage of
lambs ovulating in the PER group (71%) was more than twice that observed in

the PR, group the difference did not achieve statistical significance.
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DISCUSSION

Fall-born ewe lambs are not likely to breed during seasonal anestrus. For
example in a line selected for fall lambing, the fertility of ewe lambs bred out-of-
season was 11 compared to 59% for adults (Al-Shorepy and Notter, 1996).
Further, progestogen priming alone failed to stimulate estrus (Robinson, 1955;
Burfening and Van Horn, 1970) and conception (Burfening and Van Horn, 1970)
in fall-born ewe lambs. Induction of fertile estrus during seasonal anestrus in the
absence of gonadotropin treatments presumably depends on the ability of ram
introduction to stimulate a “follicular phase” (Martin et al., 1986). Introduction of
rams failed to increase LH secretion and ovulation in spring (Al-Mauly et al.,
1991) or fall-born ewe lambs (Sebastian et al., 1985) until just prior to the time
when un-exposed, control lambs attained puberty. These findings led to the
suggestion that fall-born ewe lambs may not be capable of responding to the ram
effect during seasonal anestrus.

In the present study introduction of rams to fall-born ewe lambs increased
the growth rate of the largest follicle between 0 and 36 h and resulted in a larger
follicle at 36 h.  Atkinson and Williams (1985) reported increased follicular
development during the first 40 h when anestrous ewes were joined with rams.
The number of follicles = 3 mm at 60 h was greater in control lambs than in all
ram-exposed groups. Depletion of the large follicle population via ovulation or
atresia probably explains the reduced number of follicles = 3mm in ram-exposed

compared to control lambs at 60 h.
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Introduction of rams to fall-born lambs in the present study increased the
mean concentration of LH and the LH pulse frequency. The increased pulsatile
secretion of LH in ram-exposed groups presumably stimulated follicular
development and increased estrogen secretion, triggering the observed LH surge
(Foster and Ryan, 1981; Goodman, 1994). In contrast, introduction of rams to
fall-born ewe lambs elevated concentrations of LH and induced ovulation in late
July, close to the time at which puberty occurred in control lambs, but a similar
response was not observed in late May or early July (Lopez-Sebastian et al.,
1985). The normal timing of puberty requires lambs to be exposed to a long day
photoperiod followed by short days (Foster and Ryan, 1981; Yellon and Foster,
1985). Prior to ram introduction, the lambs in this study were exposed to long
days and had a brief exposure to declining photoperiod. It is tempting to suggest
that either refractoriness to long days or a brief exposure to decreasing day
lengths may have conditioned an increased responsiveness to ram introduction
in early (present study) or late July (Lopez-Sebastian et al., 1985) compared to
that observed in May. The reason for the differences in the response to ram
introduction in early July in the two studies might be due to differences in breed.
In both studies lambs were born in late October and early November and were
older than the age at which ram-induced ovulations were observed in spring-born
lambs (Al-Mauly, 1991). The degree of stimulus affects the ovulatory response
of anestrous ewes to ram introduction (Nugent and Notter, 1990; Oldham and
Fisher, 1992; Rosa et al., 2000). In the present study, a low ewe to ram ratio

(7:1) was utilized, but the ewe to ram ratio was not stated in Lopez-Sebastian’s
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study. It has been suggested that during the anestrous period, puberty may be
repressed in ewe lambs due to the retardation of sexual development (Foster,
1981), or, the expression of already achieved sexual competence may be
inhibited by the prevailing photoperiod (Land, 1978; Foster, 1981). If the ability to
respond to abrupt ram introduction is an indicator of attainment of sexual
competence (Al-Mauly et al., 1991), then it appears that the expression rather
than the development of sexual competence is inhibited during seasonal
anestrus in fall-born ewe lambs.

Progesterone pre-treatment and removal without ram introduction did not
increase mean LH concentration or induce an LH surge. During the normal
breeding season, progesterone removal is thought to set into a motion a cascade
that includes increased GnRH/LH secretion, which stimulates a follicular phase
increase in estradiol that triggers the LH surge and ovulation (Barrell et al., 1992;
Goodman, 1994). In contrast, in anestrous ewes, no increases in GnRH or LH
secretion were observed following withdrawal of exogenous progesterone.
Therefore progesterone pretreatment, without ram introduction, of fall-born ewe
lambs during anestrous does not stimulate LH secretion or remove the effect of
inhibitory photoperiod.

The ram-induced LH surge was delayed by progesterone pretreatment. A
similar observation was made in anestrous ewes by Pearce et al. (1985). This
delay synchronized the initiation of estrous behavior and the LH surge. Estrogen
administered 24 h after removal of progesterone prevented the delay of the ram-

induced LH surge and increased the mean LH concentration, but did not affect
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the time to initiation of behavioral estrus. The LH surge in estrogen-treated
lambs occurred at 33 h after progesterone removal/ram introduction or 10 h after
estrogen administration, comparable to the 14 h observed in ovariectomized
ewes primed with progesterone for 7 days (Fabre-Nys and Martin, 1991).
Therefore, estrogen administration may need to be delayed until 34 to 36 h after
progesterone withdrawal to ensure similar timing of the start of the LH surge and
initiation of estrous behavior in progesterone pre-treated lambs.

Only lambs pre-treated with progesterone expressed estrus, consistent
with the requirement for a period of progesterone priming for the induction of
estrus at ram introduction (Knights et al., 2000). While estrogen administration
did not affect the time to onset of estrous behavior, administration increased the
percentage of ewes displaying estrus. The lower estrous response in
progesterone-primed lambs in the absence of estrogen may be due to the
inability of the ram-induced increases in LH secretion to stimulate adequate
secretion of estrogen in all lambs. This may explain the numerically lower
percentages of lambs that ovulated or in which an LH surge was induced. The
lower estrous response may also be related to a lower sensitivity to the increased
concentrations of estrogen. Robinson (1955) observed a poor estrous response
to equine chorionic gonadotropin in progesterone-primed yearlings during the
anestrous period unless estrogen was administered. However, in adult ewes a
similar requirement for estrogen was not observed.

Only lambs exposed to rams ovulated. Among ram-exposed groups the

ovulatory response was lower in progesterone pre-treated lambs if estrogen was
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not also administered. The reason for this suppression in the ovulatory response
is not clear. For example, follicles of progesterone pre-treated anestrous ewes
show an increase in steroidogenesis (Khalid et al., 1997; Noél et al., 1999), hCG
binding (Hunter and Southee, 1987) and, follicular development and ovulation
rates in response to gonadotropins (Leyva et al., 1998). The interval from the
onset of the LH surge to ovulation is 22-26 h in ewes (Cumming et al., 1973).
Therefore, the delay in the start of the LH surge (42 h) in progesterone-
pretreated, ram-exposed ewe lambs might have resulted in ovulation being
delayed beyond 60 h in some ewe lambs.

In conclusion, abrupt ram-introduction increased LH secretion, stimulated
follicular development, and induced an LH surge and ovulation in fall born ewe
lambs during seasonal anestrous. The poor response of fall-born ewe lambs to
estrous induction protocols during seasonal anestrous is, therefore, not a result
of failure of rams to induce the ram-effect response, but may be related to

inadequate estrogen production or a reduced sensitivity to estrogen.
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GENERAL DISCUSSION

The first two experiments in this series evaluated the ability of pre-
treatment with progesterone delivered by new (experiment 1; PCL, 0.8 g P,4) or
conventional (experiment 2; CIDR-G, 0.3 g P,) intravaginal releasing devices to
increase lambing rates in anestrous ewes beyond that in ewes introduced to
rams only. A second objective of these studies was to evaluate the ability of a
single injection of FSH to increase prolificacy in anestrous ewes. In experiment
one, the new PCL insert did not release sufficient progesterone to elevate serum
concentrations to within the range observed during the luteal phase of the
estrous cycle (Haugher et al., 1977; Van Cleeff et al., 1988) or to that observed
with CIDR devices in ovariectomized ewes (Carlson et al., 1989; Wheaton et al.,
1993). Despite the low serum concentrations of progesterone, fertility at estrus
was comparable to that observed when higher circulating concentrations of
progesterone were achieved (Wheaton et al., 1993) or was expected to be
achieved with the use of CIDR-G devices (experiment 2). In contrast, in cyclic
ewes, the fertility at estrus synchronized with progestogens is positively
correlated with the concentration of progestogen (Robinson et al., 1967; Allison
and Robinson, 1968; Johnson et al., 1996). The observations in this study are
consistent with those of other studies in which dosage of progestogen did not
affect fertility of ewes bred during anestrus (Greyling et al., 1994; Rodriguez-

Iglesias et al., 1997). It is suggested that the threshold dosage of progestogen
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below which fertility is compromised is lower for induction of estrus in anestrous
ewes than for synchronization of estrus during the breeding season.

In experiment 1, it was established that a 5 d pre-treatment with the PCL
insert was as effective as pre-treatment for 12 d for induction of fertile estrus in
anestrous ewes. The effectiveness of short-term progesterone pre-treatment
was confirmed in experiment 2 using CIDR devices. Increasing the duration of
progesterone treatment from 6 to 12 days reduced the median effective dose of
estrogen needed to induce estrus from 16 to 12 pg estradiol benzoate in
ovariectomized ewes (Robinson et al., 1956). Treatment of anestrous ewes with
progestogens for 3 days or less resulted in a lower estrous response and
conception rates (Dutt, 1953; Gordon, 1958; Ungerfeld and Rubianes, 1999). In
contrast, increasing the duration of progestogen treatment from 8 to 14 (Powell et
al., 1996), or 6 to 13 days (Ungerfeld and Rubianes, 1999) did not affect fertility.
Therefore, a short-term pre-treatment with progesterone is effective for induction
of fertile estrus in anestrous ewes.

In both experiments 1 and 2, progesterone pre-treatment resulted in 20
percent more ewes lambing than ram introduction alone. This is probably due to
the ability of progesterone pre-treated ewes to express estrus at the first ram-
induced ovulation. Some anestrous ewes that ovulate in response to ram
introduction loose their sensitivity to the ram stimulus prior to the end of the first
normal luteal phase (Oldham and Fisher, 1992). These ewes will not have a
ram-induced follicular phase with synchronous estrus and ovulation and as such

will not be bred. Progesterone pre-treatment of anestrous ewes allowed estrus
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to occur with the first ram-induced ovulation and therefore increased the
opportunity for mating and conception.

Follicle stimulating hormone tended to increase prolificacy to the first
service period compared to that observed in ewes pre-treated with progesterone
only, and increased (experiment 1) or tended to increase (experiment 2)
prolificacy over that observed in control ewes and all ewes conceiving to the
second service period. The follicles of anestrous ewes show a reduced
responsiveness to gonadotropins (Bister et al., 1999; Noel et al.,, 1999), but
responsiveness may be improved by progesterone pre-treatment (Hunter and
Southee, 1987; Khalid et al., 1997; Leyva et al., 1998). Further, the ovulation
rate at the first ram-induced ovulation was higher than that observed in ewes
spontaneously ovulating during the period of seasonal anestrous (Cognie et al.,
1980; Pearce and Oldham, 1984). These observations may explain the failure of
FSH to increase prolificacy significantly in progesterone-pre-treated ewes at the
first service period.

The fertility of fall-born ewe lambs during seasonal anestrous was lower
(11%) than that observed in second lambing ewes (45%) or for adults (59%; Al-
Shorepy and Notter, 1996). In the third experiment, it was observed that this
lower fertility was not due to failure of ram introduction to induce a “ram effect”
response in fall-born ewe lambs. Ram introduction induced increased follicular
development, increased LH pulse frequency, and induced an LH surge and
ovulation in fall-born ewe lambs in early July. Previous reports on fall- (Lopez-

Sebastian et al., 1985b) and spring- (Al-Mauly et al., 1991) born lambs
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suggested that the ability to respond to ram introduction was associated with the
attainment of puberty in control flock mates. In experiment 3, the ram effect was
observed in early July at least 2 months before expected commencement of
puberty in fall born ewe lambs (Lopez-Sebastian et al., 1985b; Vesely and
Swiersta, 1987; Forcada et al., 1991). If the ability to respond to ram introduction
is an indicator of attainment of sexual competence (Al-Mauly et al., 1991), then
the expression rather than the development of sexual competence is inhibited
during seasonal anestrus in fall-born ewe lambs.

Progesterone pre-treatment before ram introduction resulted in the
expression of estrus in only 45% of lambs. A small dosage of estrogen
significantly increased the estrous response by more than 40 percentage points.
A low estrous response was observed in progesterone primed-eCG treated
yearling ewes unless estrogen also was applied; however, in adult ewes
treatment with estrogen was not required. The lower estrous response in the
absence of exogenous administration of estrogen may be due to the inability of
the ram-induced increases in LH secretion to stimulate adequate secretion of
estrogen, or due to a lower sensitivity to the increased concentrations of

estrogen.
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