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Abstract:

The objective of this study was to determine the temporal relationship of ovarian follicles and corpora
lutea (CL) on the time to onset (TO) and duration (D) of behavioral estrus in PGF2a- treated ewes.
Forty normally cycling Western White-Faced ewes were randomly assigned to one of eight treatments
to be either sham-operated (SO) or ovariectomized (OVX) at 36, 44, 52 or 60 h after a PGF2a injection
given on day 12 of the estrous cycle. At thetime of injection (Oh) and every 4 h afterwards for 96 h,
each ewe was observed for estrus using a teaser ram.

At surgery, ovaries of each ewe were macroscopically examined for number and size (mm) of antral
follicles and CL. Ovaries of OVX ewes were prepared for histological evaluation. Actual size and
number of follicles and CL were determined by taking photographic slides of stained tissue sections
and projecting them onto a paper screen. Follicles were classified as atretic (A) or non atretic (NA), and
CL as normal or regressing.

Proportion of ewes in estrus was lower (P<.05) for OVX ewes (11 of 20; 55%) than for SO (20 of 20;
100%) and there was a time by treatment interaction (P<.05). Mean TO of estrus was 48.2+3.6 h for
OVX ewes which showed estrus and 52.2+2.4 h for SO ewes (P>.05); and the overall mean was
50.7+1.9 h. Duration of estrus was 25.6+.8 h for OVX ewes which showed estrus and 32.6+3.2 h for
SO ewes (P>.05); and the overall mean was 29.8+2.5 h. There were no treatment effects for either TO
or D of estrus (P>.05). At 44, 52 and 60 h the number of actual large NA (LNA) follicles was
negatively associated with TO of estrus (r=-.97, -.73, -.87, respectively) and positively associated with
D of estrus (r-.76, .70, .65). Actual CL volume was positively associated with D of estrus (r=.84, .58,
.68) and negatively associated with TO of estrus (r=-.93, -.36, -.39).

Total number of actual antral follicles did not change over time (P>.05), nor did number of follicles in
the small (1-3.9mm), medium (4.0-5.9mm) and large (>6.0mm) size groups (P>.05). There was a shift
in class of follicles such that number of medium NA follicles decreased and number of LNA follicles
increased from 36 to 52 h (PC.05). CL size was smaller at 60 h (P<.05), while CL volume remained
constant (P>.05).

These results indicated that there is a temporal relationship of the ovary for the TO and D of estrus in
that the ovary is required for at least 44 h, probably longer, for estrus to occur. However, once estrus
has been initiated the presence of the ovary is no longer required for the normal expression of estrus.
Individual variation in the TO and D of estrus may be related to differences in the number of LNA
follicles and (or) CL volume.
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ABSTRACT

The objective of this study was to determine the temporal
relationship of ovarian follicles and corpora lutea (CL) on the time
to onset (TO) and duration (D) of behavioral estrus in PGF,0- treated
ewes. .Forty normally cycling Western White-Faced ewes were randomly
assigned to one of eight treatments to be either sham-operated (SO) or
ovariectomized (OVX) at 36, 44, 52 or 60 h after a PGF,u injection
given on day 12 of the estrous cycle. At the time of injection (Oh)
and every 4 h afterwards for 96 h , each ewe was observed for estrus
using a teaser ram.

At surgery, ovaries of each ewe were macroscoplcally examined for
number and size (mm) of antral follicles and CL. Ovaries of OVX ewes
were prepared for histological evaluation. Actual size and number of
follicles and CL were determined by taking photographic slides of
~stained tissue sections and projecting them onto a paper screen.
Follicles were classified as atretic (A) or non atretic (NA), and CL
as normal or regressing. :

Proportion of ewes in estrus was lower (P<.05) for OVX ewes (11
of 20; 55%) than for SO (20 of 20; 100%) and there was a time by
treatment interaction (P<.05). Mean TO of estrus was 48.3+3.6 h for
OVX ewes which showed estrus and 52.2+2.4 h for SO ewes (P>.05); and
the overall mean was 50.#1.9 h. Duration of estrus was 25.6+4.8 h for
OVX ewes which showed estrus and 32.6+3.2 h for SO ewes (P>.05); and
the overall mean was 29.8+2.5 h. There were no treatment effects for
either TO or D of estrus (P>.05). At 44, 52 and 60 h the number of
actual large NA (INA) follicles was negatively associated with TO of
estrus (xr=-.97, -.73, -.87, respectively) and positively associated
with D of estrus (r=.76, .70, .65). Actual CL volume was positively
associated with D of estrus (r=.84, .58, .68) and negatively
associated with TO of estrus (r=-.93, -.36, -.39).

Total number of actual antral follicles did not change over time
(P>.05), nor did number of follicles in the small (1-3.9mm), medium
(4.0-5.9mm) and large (>6.0mm) size groups (P>.05). There was a shift
in class of follicles such that number of medium NA follicles
decreased and number of INA follicles increased from 36 to 52 h
(P<.05). CL size was smaller at 60 h (P< 05), while CL volume
remained constant (P>.05).

.These results indicated that there is a temporal relationship of
the ovary for the TO and D of estrus in that the ovary is required for
at least 44 h, probably longer, for estrus to occur. However, once
estrus has been initiated the presence of the ovary is no longer
required for the normal expression of estrus. Individual variation in
the TO and D of estrus may be related to differences in the number of
INA follicles and (or) CL volume.




1

LITERATURE REVIEW
Introduction

The estrous cycle of the ewe has been studied extensively during
the past 20 years. Oftgen the results of these studies have served as
a basic model for other domestic species in an effort to undérstand
the mechanisms involved in the reproductive cycle. Although much is
known regarding the dynamics of the estrous cycle, there are still
many unanswered questions concerning its regulation. A more complete
understanding of the interreiationships of factors which govern the
estrous cycle of the ewe would result in a more effective control and
interpretation of the estrous cycle of domestic ruminaﬁts.

The female reproductive process consists of a complex series of
hormonal and morphological events involving the ovary, anterior
pituitary gland, uterus, hypothalamus and higher. brain centers.
Physiological regulation of these components involves an interplay of
intricate feedback mechanisms of which the timing and responses must
be appropriate to ensure a normal estrous cyéle. This review
summarizes some of the known information concerning the aforementioned
relationships and deals specifically with the events occurring during

the preovulatory period which pertain directly to this study.
General Characteristics of the Estrous Cy’cle of the Ewe

Domestic ruminants exhibit a variety of contrasts when comparing

events of the estrous cycle. Differences are found in length of the
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breeding.season, length of the estrous cycle, and time sequence of
preovulatory events. One common aspect of the estrous cycle in
domestic ruminants is a period of overt sexual behavior (estrus)
displayed by the female and expressed as a willingness to be mated by
the male.

Breeding Patterns

Ewes are classified as seasonal bolyestrus breeders because' they
exhibit a distinct breeding season comprised of several estrous cycles
and a non-breeding (anestrus) season (Wiggins et al., 1970). 1In
contrast, the cow and éow'are considered polyestrus and do not exhibit
pronounced periods of anestrus (Cupps et al., 1969). The anestrus
period of the ewe occurs during days of increasing daylight, which in
the northern latitudes usually extends from March through August
(Lees, 1965; Shackell et al., 1977). BAnestrus is characterized by the
absence of behavioral estrus and suppreésion of endogenous
reproductive activity (Brinkley, 1981; Yuthasastrakospl et al., 1975).

Estrous Cycle Length and Duration of Estrus

In the ewe a great deal of variation has been reported in‘length
and duration of the estrous cycle within breeds'(Wigéins et al.,
1970), among breeds (Hanrahan and Quirke, 1974) and between sheep in
different geographical locations (Hafez, 1952). On the average, for
ewes in the northern hemisphere, the breeding season, or period of
maximum sexual activity, occurs during November through January
(Hafez, 1952). An average period of 15 to 17‘days elapses from the
onset of one behavioral estrus to the next and duration'of estrus

generally ranges from 36 to 48 h (Cupps et al., 1969).




Phases of the Estrous Cycle

The estrous cycle can be divided. into two distinct phases; luteal
and follicular phases. 1In the ewe, the luteal phase is approximately
12 to 13 days in duration and is dominated by the presence of the
~corpus luteum (CL) in the ovary and its hormonal secretory product,
progestefone. The follicular phase spans.3 to 4 days and is
characterized by a decline in progesterone and a rise in estrogen and
gdnadotropin secretion, rapid follicular grthh, a period of
behavioral estrus; a preovulatory gonadotropin surge and culminates

with ovulation (ILegan and Karsch , 1979).

Regulation of Cyclical Changes in Ovarian Morphology and Cytology of

the Ewe

During each estrous cycle the ovaries undergo a series of ..
structural and functional changes involving the growth .and
disappearance of CL and follicles. Structurally, the ovary consists
of an inner medullary -region containing blood vessels, lymphatics,
nervous tissue, and dense connective tissue which enter the ovary at
the hilus, or point of attachment to the suspensory ligament.
Connective tissue surrounds the surfacé of the ovary fbrming a capsule
or tunica albuginea. Under the caésule lies the cortex .in which are
located the CL and follicles (Johnson, 1982; Deane, 1952).

Follicular Growth and Development

Follicles exist in either a non-growing or growing phase; Those
follicles that are in the growth phase can be seen in.various stages

of development and in all size classes throughout the cyéle. In fact,
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the number of follicles in each size class tend to remain constant at
all times creating a balance between the number of follicles entering
the growth phase, growth into the various size classes, and those lost
to atresia (follicular death; Hay and Mooxr, 1975; Brand and Jong,
1973).

There are some subtle changes in the follicular population during
the preovulatory period. .In the ewe, the total number of follicles
remains the samé but tends to increase in size (Kammlade et al.,
1952), while in the cow it seems that the number of small follicles
decrease while the population of large follicles turn-over more
rapidly (Matton et al., 1981).

Kinetic studies of follicular development revealed‘thrée waves of
foll:',L,cular- growth and atres:ia per estrous cycle in the ewe (Smeaton
and ‘Robertson, 1971) as evidencéd by fluctuating levels of estrogen as
follicles grow and degenerate (Baird and McNeilly, 1981). Waves of
follicular growth occur during the early luteal phase (days 6 to 9)
and late luteal phase (days 13 to 15) with all of these folljcles
becomiﬁg atretic, and finally during the preovulatory period in which
a follicle or follicles eventually ovulate (Brand and Jong, 1973;
Hauger et al., 1977).

Stages of Follicular Development. Primordial follicles constitute

the smallest size class and are considered as the pool of non-growing
follicles from which gfowing follicles are selected. Primordial
follicles consist of an docyte surrounded by a single layer of
flattened epithelial cells, or granulosa cells (Rajakoski, 1960).

Stroma cells immediately surrounding the follicle will later become
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theca cells as the follicle develops (Deane, 1952; Johnson, 1982).
When primordial follicles enter the growth phase, granulosa cells
become activated and these cells multiply forming a multilayered
membrana granulosa. This iayer in cooperation with the oocyte form
the zona pelucida, a thin menlb;:ane which separates the two structures.
The developing theca cells begin to differentiate and take on cellular
characteristics indicative of steroid secreting cells. During this
process the oocyte enlarges and the follicle begins to migrate towards
the medulla (Johnson, 1982). |

As the follicle continues to enlarge, small cavifies begin to
appear within the membrana granulosa. These -cavities coalese to form
an antrum which expands and becames filled with follicular fluid
produced by granulosa cells (Johnson, 1982). Follicles of this type °
range in size from 1 to 6mm in diameter in the ewe (Armstrong et al.,
1981). |

The largest size class consists of the Graafian or'preovulatory
follicle which contains a large single chambered antrum, a thick
granulosa layer, and a fully differentiated theca interna and externa
(Rajakoski, 1960). The oocyte is pushed to one side of the antral
chamber by follicular fluid and continues to be surrounded by several
layers of granulosa cells identified as the cumulus oophorus. Such
follicles appear as fluid filled blisters on the surface of the ovary
(Johnson, 1982). In the mature ewe, 12,000 to 86,000 small folligles
(<2 layers of granulosa cells) and 100 to 400 larger follicles are
present throughout the estrous cycle (Cahill et al., 1979) and these

numbers diminish with agé (see review by Cahill, 1981).
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Microscopic Classification of Follicles. Once follicular growth

has begun, folli'cles are committed to either mature to ovulation or
become atretic (Peters et al., 1975; Richards and Midgley, 1976). At
any ‘one time during the estrous cycle approximately 32% of the gros;xzing
follicular population is found to be in a normal developing state; the
remaining 68% are found in some stage of atresia (Brand and Jong,
1973). Ultimately, 99% of all follicles that' enter the growth ﬁhase
become atretic (Richards, 1980).

Growing antral follicles show a theca interna layer composed of
fibroblast-like cells with collagen fibers arranged ,betwe_en cells. As
estrus approaclr;es, thecal cells increase in number and size and this
layer becomes highly wvascularized. ~ Characteristic of stéroid
secreting cells, they contain secretory g,,fanules, an abundance of
smooth endoplasmic reticulum, well developed gblgi bodies, a limited‘
amount of lipid droplets and steroid-type mitochondria. On the other
hand, granulosa cells show characteristics of protein secretincj cells.
They contain rough endoplasmic reticulﬁm, well developed golgi bodies
and many free‘ ribosomes (Hay and Moor, 1975). The cumulus oophorus is °
actively mitotic during the growth phase (Hay et al., 1976).

As follicles become atretic they lose their bright, uniform
appearance and exhibit signs of degeneration (Moor et al., 1978). The
stages of atresia have been described in detail by Brand and Jong
(1973), Hay et al. (1976) and Mauleon (1969). Early stages involve
the termination of mitotic actiyity in theca and granulosa layers, and.
pycnotic nuclei are prevalent in granulosa cells surrounding the

antral cavity. The number of pycnotic cells continue to- increase and
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soon dark staining'atretic bodies (aggregates of nuclear material)
appear. Some phagocytes are present and destruction of cells around

the oocyte begins. In the later stages of atresia the granulosa

. layers have thinned considerably and the cells begin to disassociate

and can be found floating freely in the antral fluid. The follicular
wall becomes distended and begins to fold back on itself. In contrast
to the extensive damage to the granulosa layer, the theca layer

remains virtually unchanged.

Hormonal Regulation of Follicular Development

The factors involved in the initiation of follicular growth have
yet to be determined but it does not appear that gonadotropins are
essential (Baird and McNeilly, 198l; Cahill, 1981). For both the
mouse (Peters, 1979) and rat (Schwartz et al., 1974), exogenous
gomadotreopins did not increase the number of follicles entering the
growth phase and anti-gonadotropins did nqt.decrease the number. It
has been suggested that factors produced by surrounding growing
follicles or atretic follicles may.stimualate primordial follicles to
enter the growth phase (Peters et al., 1975). Once activated, any
further ‘growth of the follicle requires hormonal stimulation (bPufour
et al., 1979).

Preantral Stage. Onge primordial follicles enter the growth

phase a period of time, up to 6 months, may be required until the
preovulatory stage is reached in the ewe (Cahill and Mauleon, 1980),
opposed to only 20 to 30 days in the mouse (Peters and Levy, 1966).
The earliest stages of follicular growth require stimulation by

follicle stimulating hormone (FSH) and estrogen to initiate
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proliferation of the granulosa cells and overall growth of the
follicle (Harman et al., 1975). The role of luteinizing hormone (LH)
in early follicular development is not clearly unde;rstqod but is
believed to be involved in diff_erentiation of theca cells (Gibori and
Miller, 1982).. During the preantral stage atresia is rare and
follicles generally remain dormant up to 4 months (Cahill and Mauleon,
1980).

Antral Stage. Reactivation of dormant preantral follicles is

triggered by some unknown mechanism (Smeaton and Robertson, 1971),
possibly by a preceding preovulatory gonadotropin surge (Goodman | et
al., 1981b). Once stimulated, FSH promotes antral formation- (Evans et
al., 1932), increases the number of follicular LH (Zeleznik et al.,
1974) and FSH receptors (Gibori, and Miller, 1982) and acts with
estrogen to stimulate ragpid follicular growth (Richards and Midgley,
1976). Luteinizing hormone enhances the action pf FSH in increasing
the number of LH receptors in granulosa cel lé (Gibori and Miller,
1982).

Production of estrogen by antral follicles reguires the
synergistic action of LH and FSH (Armstrong et al., 1981). Moor
(1973) explanted antral follicles >2mm in diameter from ewes at
various times during the estrous cycle, maintained them i1:1 organ
cultures and monitored estradiol output.. He found that small and
medium follicles (<4.5mm) se'rcete low amounts of estradiol, with most
estradiol production coming from 1 or 2 large follicles; the amount
produced was dependent on stage of the estrous cycle. The work of

several investigators, as reviewed by Richards and Midgley (1976),
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have shown that estrogen increased the sensitivity of granulosa cells
to LH and FSH stimulation, thereby increasing its own systhesis.
Under LH stimulation theca cells produce‘aﬂdrogens which granulosa
cells under LH and FSH influence aromatize to estrogen (Armstrong et
al., 1981; Richards, 1980). The LH surge blocks further estrogen
production by interfering with the aromatase enzyme system that
converts androgens to estrogen (Baird et al., 1981). Therefore
estrogen production appears to be regulated not only by gonadotropins
but intrafollicular estrogen as well.

Preovulatory Stage. Development of follicles from the antral to

preovulatory stage requires approximately 34 to 43 days in the ewe
(Cahill, 1981). The mechanism for selection of the follicle(s) to
ovulate have not been elucidated. Harman et al. (1975) demonstrated
in hypophysectomized rats treated with anti—esfrogen, that FSH and LH
alone increased the percent of atretic follicles while estrogen
reduced the number of atretic follicles. It is possible follicles are
eliminated from the non-atretic pool via local effects of
gonadotropins and estradiol as they work in oppossition to one another
iﬁ regula£ing follicular growth and atresia.

In response to the preovulatory gonadotropin surge the selected
follicle(s) undergo final maturational changes in preparation for
ovulation which.include production of proteolytic enzymes to weaken
the follicular wall (Thibault et al., 1975) aﬁd an accumulation of
prostaglandins E and F in antral fluid.(Baumingér and Linder, 1975)

which are presumably involved in the eventual rupture of the follicle.
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Atresia. The mechanism by which folliéles become atretic has not
been firmly established. There is some indication that gonadotropins
may be responsible for atresia in the rat. Harman et al.. (1975)
treated hypophysecfomized rats with estrogen and found the growth rate
of follicles to increase with no incr,eaée, in the atretic rate. When
anti-estrogen was used concurrent-with exogenous FSH and LH, it was_
obsyerved that the total number of follicles incréased but a greater
percentage of them were atretic.

Reviews by Carson et al. (1979) in the ewe and Richards and
Midgley (1976) in the mouse, describe the response of follicles to
gonadotropins and their possible relationship to atresia; Preantral
folicles require LH and FSH to grow but apparently do not respond to
gonadotropin surges. Larger antral follicles may respond to a
gonadotropin surge positively (ovulation') or negatively (atresia), or
they may become atretic prior to the gonadotropin surge. It has been
proposed that antral follicles develop é mechanism (ie., increased LH
receptors) or attain a sensitivity to the LH surge at some time during
their development._ If this mechanism is developed too early follicles
may become atretic since they were not be exposed to the LH surgé. If
the surge occurs and the folligles have not attained sensitivity to
gonadotropins, this may also lead to atresia. From this hypothesis it
can be assumed that if a follicle is to remain in the growing phase it
must retain sensitivity to LH and FSH and the growth pattern of the
follicle must be properly synchronized with the preovulatory
gonadotropin surge in order to ovulate. Atresia may alsq be caused by

changes in permeability of the basement membrane which allows serum
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factors to reach the granulosa cells and cause‘an'inflammatory
response which destroys these cells (Farookhi, 1981). Louvet et al.
(1975) found that androgens increase the number of atretic follicles
observed in a population. Therefore, follicles that produce excess
androgens or are unable to convert androgens to estrogens may be more
likely to become atretic.

Corpus Luteum Development and Function

The CL is subject to stages of growth and degeneration similar to
that of ovarian follicles. Following ovulation of the preovulatory
follicle there occurs a transformation of-the surrounding follicular
cells into luteal cells. .The proceés of luteinization is not
necessarily preceded by ovulation.(MaéKenzie and Edey, 1975) but is
initiated by the LH surge. A review by Gibori and Miller (1982)
describes the mechanism of luteinization in rodents which involves fhe
1655 of LH, FSH and estrogen receptors from the theca and granulosa
cells of the follicle, differentiation of these cells to luteal cells,
and finally the reappearance of the receptors necessary for the
production of progesterone. In the ewe the corpus luteum remains
functional from days 2 through 14 of the estrous cycle (Hansel et al.,
1973).

Microscopic Classification. In the ewe, cow, and sow the CL is

formed from the membrana granulosa and theca interna of the owvulated
follicle (Hansel et al., 1973). These cells differentiate into
granulosa lutein cells forming a thick inner region often folded in

appearance, and theca lutein cells which constitute the thinner outer
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layer (Cupps et al., 1969) and a central cavity may or may not be-
present (Deane et al., 1966). |

In the functional CL, granulesa lutein cells afe easily
identified as pale staining, large plovhedral cells with abundant,
granular cytpplasm. Numerqus mitochondria are present ip various
shapes and sizes, smooth endoplasmic reticulum is moré common than the
rough variety (Enders, 1973; Deane et al., 1966) and secretory
granules have been observed (Gemmell et al 1976). Theca lutein cells
are smaller and the nuclei stain darkly. This area is fich in
capillaries which invade the granulosa layer along with connective
tissue (Peters and Levy, 1966; Leeson and Leeson, 1979).

During luteal regression, cells of the granulosa layer shrink and
lose their shape. Their nuclei stain darkly, vacuoles appear,
vascularization diminishes and lysosomes become more fragile. Stereid
systhesis fails as indicated by the accumulation of lipid droplets and
the decline in secretory granules. The CL migrates away from the
periphery of the ovary as it shrinks in size, and connective tissue
becomes manifest throughout. Soon only scar tissue remains and the
structure is referred to as a corpus albicans (Gemmell et al., 1976;
Hanse]l et al., 1973; Deane et al., 1966; Leeson and Leeson, 1979;
Peters and Lévy, 1966; Deane, 1952).

Hormonal Regulatjon of-Corpus Luteum Function. The absolute

requirements to maintain luteal integrity in the ewe have not been
determined. Tt seems clear that LH at least is required. Kaltenbach
et al. (1968) hypophysectomized cyclic ewes and observed a rapid

degeneration‘of the corpus luteum. Crude pituitary extracts
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containing FSH, LH, prolactin and other hypophyseal hofmones were
found to maintain the corpus luteum. Crude LH preparations were
partially luteotropic while replacement of other pituitary ho;mones
had no maintenance effects. Prolactin may play a permissive role
based on the fact that serum prolactin levels increase in those ewes
in which the CL was being maintained with LH infusions in partially
hypophysectomized ewes (Schroff et al., 1971).

The functional activity of the CL, or progesterone systhesis,
appears to be regulated by gonadotropins in the ewe. Cook et al.
(1969) demonstrated that progesterone synthesis by sheep CL ;g vitro
was stimulated when exposed to LH. Hixon and Clegg (1969) found that
in hypophysectomized ewes, both LH and prolactin had the capacity to
stimulate progesterone secretion.

In the ewe, CL function is thought to cease due to the ‘action of
some luteolytic factor(s) secreted by the uterus (Goding, 1974).
Prostaglandin F,0 (PGF,0) has been implicated as a major luteolytic
factor in the ewe (Goding, 1974). Several conditions must exist
before luteolysis can occur. First, the uterus must be exposed to
elevated levels of progesterone for at least 7 to 10 days before it
can systhesize sufficient quantities of PGFy0 (Béird, 1978b). Tonic
levels of LH must be present throughout the luteal phase to increase
the sensitivity of the CL to PGde, and low levels of estradiol are
required to stimulate the release of PGFZOL (Baird and McNeilly, 1981;
Goding, 1974; Hixon et al., 1975) or its precursors (Gibori and
Miller, 1982; Hansel et al ., 1973) from the uterus. It has been

suggested, in the cow at least, that endometrial secretions contain
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precursors which the CL is capable of converting to PGFZdh Developing
follicles may also play a role in the destruction of the CL via direct
competition for available LH, which is required for luteal maintenance
(Karsqh et al., 1970). )

Several méthods have been proposed regarding the'question of how
PGF,a initiates luteal regression. It is possible that PGF, 0 exerts
is effects in either one or a combination of the following methods; 1)
decreasing the blood flow to the ovary bearing the CL (Nett ét al.,
1976), 2) changing the structure of the phospholipid bilayer ¢of the
luteal cell membrane resulting in the loss of tissue function (Buhr et.
al., 1979) and(or) 3) weakening lysosomes of luteal cells aliowing the
release of enzymes which ultimately destroy -these cells (Stacy et al.,
1976) .

Obvious advantages in management can be obtained by using PGF,%
as an estrus synchronizing agent. Through widespread experimentation
for use in cattle and sheep operations, some interesting observations
have been made concerning the varying individual resposes to the
luteolysin. For example, a group of ewes given unequal doses of PGFZG
disélayed varying degrees of luteal regression and decreases ih
circulating levels- of progesterone (Stacy, et.al., 1976) suggesting a
minimum dose requirement. Also of interest is the time it takes for
an individual to respond to PGF,0 and.conmzinté estrus. Chamely et
al. {(1972) administered equal doses of PGan to ewes.with ovarian
trénsplants and observed a span of 42 to 66 h afterwards in which the
ewes came into estrus. fhe reason foxr this variation has not been

explained and it is not clear whether it is due tq differences in the
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rate of decline of progesterone after the PGF,0 treatment or due to

other extraovarian factors.
Hormonal Regulation of the Estrous Cycle of the Ewe

The signals and responses which ‘dictate the temporal pattern of
events which comprise the estrou:s cycle are mediated via hormones.
With the aid of highly sensitive rédioimmunoassay techniques and
surgical ablation of tissues or organs with selective replacement of
their secretions, the complex patterns of regulation were gradually
revealed. From this information, x.ﬂorkin‘g models have been
constructed, althoﬁgh to date there are still many gaps in our
understanding . |

Hormonal Patterns of the Luteal Phase
T L I T T s T

During the lui:,eal phase the major ovarian sterpid found in high
concentrations in the blood is progesterone, known to reflhect the
functional activity of the CL in the ex./ve (Stormshak et al., 1963).
Progesterone secretion from the newly formed CL steadily rises from
day 2 (day O=estrus) to approx‘imately day 9 when peak concentrations
are reached. Serum levels remain elevated until day 16 when they
begin to decline due to luteal regression. By day 17 progesterone has
fallen to basal levels (Cunningham et al., 1975; Stabenfeldt et al.,
1969‘)

Estfogen is also produced dL;ring the luteal phase, although in
limited quantities. The source of estrogen is exclusively from large
antral follicles of about Smm in diameter in both the ewe and cow

(Baird et al.,'1981; Baird et al., 1975; Karsch et al., 1970), whereas -
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in primates, the CL is aléo capable of estrogen productipn (Baird et
al., 1975). In'the ewe, 3 peaks of estrogen secre£ion are.obsérved.
Aside from the preovulatory phase increase, twoApeaks occur during the
luteal phase; between 4 to 6 days and 9 to 11 days after the LH
surge. For the remaipder of the luteal phase estrogen levels decline
(Hauger et al., 1977). | |

The pattern of LH secretion fluctuates during the luteal phase.
Concentrations of LH are still high during the early luteal phase
from the preovulatory surge and gradually decline so thét by day 6 to
8 following the LH surge basal levels are reached. A gradual
"increase in LH secretion is again observed during the late luteal
phase, 2 to 3 days prior to the LH surge (Hauger et al.; 1977).
Initially FSH follows the pattern of LH secretion by gradually
declining from preovulatory surge concentrations to basal levelg.
Before presurge baseline values are reached FSH secretion rises
slightly and then either declines steadily or in a series of small

peaks (Goodman et al., 198la).

Progesterone and Estrogen: Negative Feedback on LH and FSH.
Experimental data has accumulated that indicate that levels of LH
during the luteal phase, described as tonic secretion, are under some
type of inhibitory control. Ovariectomy'results in an increase in IH
and FSH levels in the blood, indicating the ovary has an inhibitory
action on gonadotropin release, as shown in the ewe (Howland and
Stormshak, 1969) and rat (Grady and Schwartz, 198l). Karsch and Legan
{1978) ovariectomized ewes during the mid luteal phase, observed the

rise in circulating gonadotropins, and selelectively replaced estrogen
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and progesterone at luteal levels either alone or in comhination to
study their effects on LH secretion. They found that either steroid
alone only partially restored LH levels, the full inhibitory'effect
was achieved when both sferoids were replaced. Goodman et al. (1980)
performed a similar experiment and found gradual replacement of
progesterone simulating luteal phase concentrétions was the dominant
force in LH inhibition. Simultaneous administration of estradiol
augmented'the inhibitory effect of progesterone..

Also of interest is work done by Roche et al. (1974). Serum LH
was monitored in ewes following the sequential removal of antrai
follicles (source of estradiol), CL (source of progesterone) and
strgma during the luteal phase. In the absence of follicles IH levels
remained low. When only the CIL was destroyed, LH levels exhibited a
partial increase. When both follicles and CL were removed LH levels
escalated similar to that seen after a bilateral ovariectomy. In
summary, it seems progesterone is the primary control during the
luteal phase in maintaining tonic secretion of LH. Estradiol fmom

antral follicles serves to enhance this effeqt.

Regulation of Estrogen Secretion. Excluding the two.rises in
estrogen observed during the luteal phase,'for the most part
concentrations remain at basal values. It has been established that
follicular development and estradiol secretion are highly dependent on
LH stimulation (Armstrong et al., 1981). When progesterone levels are .
elevated, LH secretion i1s inhibited and the rate of estradiol
secretion was reduced (Hauger et al., 1977). In essence, progesterone

indirectly inhibits estrogen secretion by maintaining pasal levels of
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LH and decreasing the amount of LH available to stimulate ovarian
follicles.

Hormonal Patterns of the Follicular Phase

Initiation of luteolysis and the resulting decline in
progesterone secretion mark the begining of the follicular phase.
Concommitant with this event is an increase in the pulsatile release
of LH thought té be the cause of increased estrogen synthesis and
secrgtion (Baird and McNeilly, 1981l). However, recent evidence
indicated that &he initial increase in estrdgen after the fall in
progesterone is not influenced by changes in LH concentrations (Gust
eﬁ al., 1984). The increase in estrogen secretion appears to begin on
day 15 and is thought to be a function of maturing preovulatory
follicies (Bjersing‘et al., 1972). Estrogen and LH levels contipue fo
rise in a parallel fashion until LH reacheg some "oritical"
concentration, then estrogen levels begin to decline (Baird, 1978a).
Folliculaf phase levels éf estrogen serve both neuroendocrine and
neural functions; 1) to induce a period of behavioral estrus (Karsch .
et al., 1980; Robertson, 1969) observed approximately 24 h after the
completion of luteal regression (Stabenfeldt et al., 1969), and 2) to
stimulate the preovulatory LH surge (Legan and Karsch, 1979;
Fairclough et al., 1976). At estrus, LH reacﬁed'values of 40 ng/ml
with maximum preopvulatory surge concenfrations up‘to 250 ng/ml
occurring 1 to 24 h after the onset of behavioral estrus (Hauger et
al., 1977). Ovulation takes place 36 to 40 h after the ‘onset of |
estrus (Cupps.et al., 1969) or approximately 21 to 26 h after the LH

peak (Cumming et al., 1973).
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Estrc?gen: Positive Feedback on LH. ILuteinizing hormone is known

to be released in a pulsatile fashion from the anterior pituitary
gland and Baird (1978a) reported the frequengy of LH pulses increased
from 1 pulse per 3 h and 20 min during tlﬁe luteal phase to 1 pulse per
h in the follicular phase. At estrus g rate of 1 pulse per 45 min or
less was observed. While the pulse frequency of LH increased, tﬁe
amplitude decreased, and each pulse was followed by a greater increase
in estradipl secretion ’'as the lex}e,ls of both hormones contj,nue,d' to
rise in parallel. |

The rapid decline in esi_:radiol sercretion around the time of the
LH surge in the ewé probably can not be attributed to ovulation since
ovulation usualiy follows 24 h after the LH peak (Cumming et al.,
'1973).  Moor (1974) proposed that the prepvulatory LH surge terminated
estrogen secretion by acting directly on the follicle, altering its
function from estradiol to progesterone production. He demonstrated
this by exposing follicles maintained for 7 days in a culture medium
with preovulatory-like concentrations of LH. Prior to LH treatment
thé follicles produced high levels of estradiol and little
progesterone. Addition of LH resulted in a rapid decline in estradiol
and a significant increase in progesterone secretion. He obtained
similar results 3,9 vivo v\fith ewes that had had the CL and qvary
without the 1argest follicle removed. Infusions of LLH 18 h after
surgery prevented the rise in estrogen production that would have been
expected and progesterone secretion was elevated.

The preovulatory surge pattern of estradiol is important in

regulation of LH secretion. Fairclough et al. (1976) and Ferin et al.
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{1969) have shown in the ewe and rat, respectively, that by blocking
the estrogen surgé with antibodies to estradiol-178, it _resulted in
blpocking the LH surge and ovulation. Maintaining e?trogén levels
exogenously after levels would . normally decline dimipished the
amplitude of the LH peak (Turgeon, 1979). These results demonstrate a
time course reslationship of estrogen secretion and its importanqe in
affecting a proper LH surge pattern,

Although estrus (Scaramuézi et al., 197]) and ovulation (Wheeler
et al., 1977; Goding et al., 1970) have been induced in the ewe with
exogenqus administration of estradiol, the exact concentration
requiréd, if‘any, and the variation of this level }E vivo has yet to
be determined. The time course requirement for the presence of the
ovary in the initiation aof preovulatory events should be adéressed.
It has been shown that once the LH surge has begun, the presence of
the ovary is no longer required for a nofmal ILH surge in the ewe (Webb
et al., 1981), yet similar experiments for thg onset and duration of
estrus have not been reported. In order to elucidate whether a
threshold value of estrogen in vivo is necessary and to determine the
role of the ovary, ovariectomy performed at predetermined intervals
prior to estrus, evaluation of serum patterns of LH, and observation
for signs of behavioral'estrus should be performed. Another method
might be to selectively replace var?ing levels of estradiol in
progesterone-treated, ovariectomized ewes to determine the ig z;zg '
threshold value.

Requlation of FSH. Control of FSH secretion is less clear due to

the lack of adeguate asséy techniques making it difficult to monitor
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FSH releasé patterns. However, it is apparenttthaﬁ replacement of
_estrogen or progésterone in the ovariectomized ewes does not play a
crucial role. It has been proposed that another ovarian factor may be
responsible for regulating FSH patterns, since replacement of estrogen
and progesterone did not restore normal FSH patterns (Goodman et
al.,198la). A protein identified as inhibih has been isolated from
granulosa cells and fél licular fluid and has been shown to directly
inhibit FSH synthesis and secretion (Franchimont et al., l981) and may
be the suspected ovarian factor.

Summary: Role of Progesterone and Estrogen. It is important, to

realize that progesterone and estrogen act in concert throughout the
estrous cycie. While estrogen is responsible for the quantity of LH
released, it is‘érogesterone that ensures 'its release at the proper
time and for the proper duration, as shown in the ewe (Karsch et al.,
1980) and hamster (Norman, 1975). In the ewe it has been demonstrated
that when preovulatory surge levels of estradiol were insufficient,
estrus and ovulation became asynchrogous. . Proper amplitude of
estroéen cdupled with prior exposure to progesterone and its
withdrawal, assures the normal synchronization of estrus and ovulation
(Goodman, 1978). From these studies it is evident that concerted
actions of estrogen and progesterone are essential for the normal
occurrence of preovulatory events.

Role of the Central Nervous System (CNS)

There is evidence to support the idea that in the ewe,
progesterone and estrogen act at the level of the hypothalamus (CNS)

and anterior pituitary gland in feedback control of LH and FSH
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release. Goding et al. (1970) demonstrated in ovariectomized ewes
that estradiol controls tonic IH secretion and is required to induce
the LH surge. This relationship'seems to indicate tonic IH secretion
and preovulatory surge release are controllied by two separate centers.
The hypothalamus certainly plays a role in the preovulatory surge
éince immunization of ewes to gonadotropin releasing hormone (GnRH),
produced by the hypothalamus, blocks the LH surge (Fraser and
McNeilly, 1982). The CNS is further impliéated, in that induced LH
surges in ovariectomized ewes are blocked with barbituates and can be
restored by injecting GnRH (Radford and Wallace, 1974).

To determine the mechanism of estradiol in LH feleasé, Coppings
and Malven (1976) inje;ted preovulatory levels of estradiol into
ovariectomized ewes: An 8 h period of IH inhibition was followed by
an LH surge 12 to 20 h after treatment. The experiment was repeated
with the addition of GnRH given in a periodic or pulsatile pattern.
An initial 4 h period of pituitary insensitivity to GnRH was observed,
with sensitivity reestablished by 6 h, and a hypersensitive condition
existing by the onset of the-LH surge. Similar results have been
obser&ed in cattle (Kesner et al., 198l). These results suggest
estradiol-induced LH depression is due in part ta pituitary
insensitivity to GnRH which is restored approximately 6 h after
estradiol treatment, and inhibition of GnRH release which is not
reversed until approximately 8 h after estradiol treatment.

Brain lesion techniques have been employed to identify the
specific areas in the CNS involved in regulating LH secretion.

Jackson-et al. (1978) severed neural afferent comnections through the
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suprachiasmatic nuclei (SCN) and preoptic area (POA) in the ewe and
found LH surges were éliminated while basal LH release patterns were
unaltered. 1In the rat, the IH surge is prevented by severing the SCN
(Hayashi and Mizukami, 1979; Rush et al., 1980) and initiated when the
POA is électrochemically stimulated (Terasawa and Sawyer, 1969).
Regulation of tonic LH secretion appears to be located in the medial
basal hypotﬁalamus (MBH) in the ewe (Prezkop and Domanéki, 1950) and
rat. Blake (1977) severed all neural input to the MBH in
ovariectomized rats, replaced estrogen and progesterone and found
basal LH levels were maintained. Doses of GnRH resulted in increased
- LH release indicating inhibition ‘at the MBH level is by preventing
GnRH release.

In summary, it appears estradiol initially decreases pituitary .
sensitivity to GnRH and inhibits GnRH release from the hypothalamus,
followed by a reversal of these effects at the time of the LH surge.
The LH surge is triggered by th@ action of estradiol on the POA and
SCN centers of the brain. Tonic LH secretion is regulated by
progesterone and estradiol inhibition of GnRH release from the medial

basal hypothalamus.
Regulation of Sexual Behavior in the Ewe

Sexual behavior is an important part of reproduction for it is
the signal that brings the male and female together to mate. 1In the
ewe, sexual behavior (estrus) is expressed in various ways. Ewes tend

to follow the male, actively compete. with other estrous ewes for the
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ram’s attention, and are the aggressor in seeking out the male to

stand and be mated (Hulet et al., 1962; Anderson, 1969).

Hormonal Control

Essential to estrous behavior is a decline in luteal levels of
progesteréne followed by increased concentrations of estradiol (Short,
1972). Behavioral estrus can be induced in ovariectomized ewes with
estradiol alone, but the behavior pattern is abnormal. Prior
conditiéning~with progesterone restored normal estrous behavior
(Robinson, 1954). It has been postulated for the ewe (Scaramuzzi et
al., -1972) that progesterone heightens the sensitivity:.of the
hypothalamus, thus 1owering‘the threshold requirement of estradiol
needeé to induce estrus. If progesterone conditioning is absent,
higher levels of estradiol are required to trigger behavio;al estrus. .
The opposite condition'exists in the rat. For lordosis to occur, the
rise in estradiol must precede the increase in progesterone (Barfield
and Lisk, 1970). The apparent role of estradiol is to prime the
hypothalamus (increase the number of progesterone receptors) to
respond to rising levels of progesterone, which induce lordosis
(Parsons et al., 1980, Roy et al., 1979). 1In the ewe, the role of.
ovarian steroids may be the reverse, in that progesterone increases
the number of hypothalami¢ estradiol receptors that respond to rising
estradjiol levels to trigger estrus.

Brom and Schwartz (1968) demonstrated a time requirement of the
ovary for lordpsis in rats. If ovariectomy was performed on the
morning of expected lordosis the behavioral period was early and

shortened, indicating threshold levels of progesterone and estradiol
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were not yet reached. Also, there appears to be a critical duration
of estradiol exposure in the rat, where thé hypothalamus requires a
minimum of 30 minutes of elevated estradiol stimulation to induce
normal lordosis (Johnston and Davidson, 1979). It is known that a
critical level of estradiél is required in the ewe (Goodman, 1978),
but a minimum duration of estradiol exposure has not been reported.

Hanrahan and Quirke- (1974) observed several breeds of sheep and
found that duration of estrus was greater in breeds with higher
ovulatidn rates. A possible explanation for this difference is that
ewes with higher ovulation rates may be producing greater qﬁantitieé
of estradiol, which has begn shown to increase duration of estrus in
ovariectomized ewes (Land et al., 1972).

Role of the Central Nervous System

Because estrus is a behavioral phenomenon it is logical to assume
the CNS is involved. The most con&incing evidence for this is
supported by brain lesion experiments with rodents.” Brookhart et al.
(1941) provided some early insight by performing hypothalamic lesions
on guinea pigs. All animals were unable to display estrus while most
continued to have normal ovarian cycles. This provided evidence that
the CNS was involved but the precise site of action was unknown.

Since then, more refined techniques have been developed and the
role of the CNS has become mofe clearly defined. The ventro- medial
hypothalamus (VMH) has been shown to have an unusually high affinity
for estradiol (Dohanich and.Clemens, 198l) and estradiol implants to
this area have the greatest effect on inducing lordosis in rats

(Barfield and Chen, 1977). The VMH is also believed to be the center
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of estrus behavior in the ewe, since lesions in this area abolish
estrus while other facets of the estrous cycle remain intact (Clegg et
al., 1958).

In conclusion, for a normal display of behavioral estrus in the
ewe, a prolonged period of luteal levels of progesterone is required
to increase the sensitivity (i.e. possibly to increaée estradiol
reéeptor humberé) of the VMH to elevated levels of estradiol present
after luteal fegression; The VMH responds to some "threshold" level
of estradiol to trigger a period of .overt sexual behavior. Individual
variation in the estrous response could be due to differences in the
number estradiol receptors in the hypothalamus, the threshold level of
estradiol needed to induce behavioral ‘estrus, the levels of estradiol
the hypothalamus is exposed to and (or) the duration of exposure to

elevated estradiol.
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. STATEMENT OF THE PROBLEM

In species exhibiting estrous cycles, such as the ewe, behavioral
estrus and ovulation are closely related.events‘regulated.by neural
and hormonal mechanisms. The feedback effects of estradiol and
progesterone acting at the level of the hypofhalamus and anterior
pituitary gland regulate gonadotropin secretion and sexual behavior
throughout the cycle.

Various observations and experimental results have led to the
concept that behavioral estrus and preovulatory LH secretion are
controlled by two separate mechanisms. The occurrence of silent heat
observed in the ewe, cow, and sow provides supporting evidence..
Although silent estrus is nqt geen in the rat, estrus and ovulation
can be induced separately with varying doses of estrogen. However,
the most convincing evidénée, has been provided through utilization of
brain lesion techniques which implicate the SCN and POA as the
gonadotropin surge centers and the VMH as the center for estrous
behavior in both the rat and ewe.

Estrus and the preovulatory LH surge have been induced in the ewe
with exogenous administration of estradiol, yet the in vivo threshold
requirement is unknown. It is knéwn that the decline ip progesterone
and follicular develodpment at the end of the estrous cycle with
respect to estradiol production, is highly correlated with estrus
behavior. The level of estradiol production is important sincé
greater amounts of estradiol have been shown to increase:the duration

of estrus in ovariectomized ewes. It has been observed that estradiol
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levels begin to decline by the time of estrus ohset suggesting
continuous estradiol production is not required for the normal
expression of estrus, therefore a temporal relationship may exist
between the ovary and estrous behavior.

Studies related to dynamics of follicular growth in the ewe
revealed that although the total numberx of fpllicles do not change
with stage of the estrous cycle, size of follicles increased towards
the end of the estrous cycle as esfrus approaches. It has also been
observed fhat ewes with highe; ovulation rates, and therefore a
greater numper of large non-atretic follicles during the preovulatory
period, have a longer period .of behavioral estrus. A.delay'of-42 to
66 h is often observed in the ewe in relation to the time to onset of
estrus following a PGF,0 injection. It is possible that this delay,
as well as differences in the duratjon of estrus may be attributed to
a particular follicular'population'at the time of luteal regression.
There may be individual differences among ewes for the number of
. follicles responding to rising levels of LH by increasing in size and
estradiol productionl Ewes that develop a greater number of large
follicles quickly, following either natural or induced luteal
regression, may corﬁe into estrus earlier énd for a greater duration
than ewes with fewer large follicles that develop more slowly and
produce less total estradiol.

The intent of this study was to focus on regulation of behavioral
estrus, specifically to determine the temporal requirement of the
ovary and to evaluate the role of the CL and ovarian follicles for the

onset and duration of estrus after a PGFy0 injection. It is hoped the
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findings from this study will contribute towards a more complete
wnderstanding of the parameters which contro] estrous behavior-as well
as to provide insight into the causes of individual variation in the

expression of estrus in the ewe.
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MATERIALS AND METHODS

This study was conducted from September through December of 1982
at the Montana State Sheep Experj,méht Station located at Fort Ellis in
Bozeman, Montana. Forty, normally cycling Western White-Faced ewes,
aged six to seven years, were selected from a flock observed twice
daily for standing estrus with the aid of 4 epidiyectomized teaser

‘rams. Three rams were run;daily with the ewes, their briskets marked
with grease paint. Marked ewes were separated from the flock and
exposesd to a fresh teaser ram to confirm standing estrus. .Those ewes
in heat were placed in é-separate pen. Every 10 days the color grease
paint was changed and the ewes in the "estrus pen" were returned to
the flock. Only those ev}es displaying at least 2 normal estrous
cycleg, 15 to 18 days in length, were included in this study.

Ewes and teaser rams'v.vere fed alfalfa grass hay, free-choice.
Mineral supplepents and watér were also available.

Once the experimental flock had been selected, ewes were
randomly assigned to 1 of 8 experimental groups (Table 1) to be either
ovariectomized (OVX) or éham—operated (sO0) at 36, 44, 52 or 60 h
following a prostaglandi-n' F,0 injection (12.5 mg, I.M., Lutalyse;.
dinoprost tromethamine, 5mg / ml; Upjohn Co.) given on-day 12 of the
estrous ¢ycle. This was designated as experimental hour zero (time
Oh). At this time, and every 4 h afterwards extending for 96 h, each
ewe was observed for standing estrus using a teaser ram.

At 36, 44, 52 or 60 h éach ewe in that treatment group was OVX or

SO via a mid-ventral lapa{rotomy under thiamylyl-sodium (10 ml, 4%
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Table 1. Experimental design including treatments and number of ewes
per treatment.

Time of surgery (h)@

Treatment 36 44 52 60 Total
ovVX n= n=5 n=5 n=5 20
S0 =5 =5 n= n= 20

Total 10 10 10 10 40

eafter PGF,0 injection
2

Biotal; Bio—-Ceutic Laboratories, Inc.; St. Joseph, MO) and hélothane

anesthesia (4% with .9 liters of oxygen per minute until a negative

'corneal response was opserved, then 2 to 3% halothane with .6 liters

of oxygen per minpte during surgery; Hydrecarbon Laboratories, Ine;

Hackensack, NJ; Narkoyet Anesthesia stand model; semiclosed system

with 4% halothane vaporizer) using aseptic techniques. Four hours

r

prior to surgery, 12 ml of combictic (200,000 IU per ml; Penicillin G
Procaine V.S.P. in Dihydrostreptomycin Sulfate; Med-Tech Inc., Elwood,
KS) was administered.

At the time of surgery all ovaries were examined macroscopically
for follicx_llar population. Follicles were counted, measured v;u',th a
caliper and classified as small (1.0 to 3.9 mm), medium (4.0 to 5.9
mm) or large (6.(5 mm or >). Q\}aries that were removed were prepared
for histological evaluation by first fixing the tissﬁe ina 4 %
buffered formalin s;olut.ion .for 24 h followed by dehydration in
gradients of alcohol in distilled water for 6 h (30%), 10h (50%) and

storage (70%). Each ovary was cut in half and each half was embedded
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'in a paraffin block and labeled with ewe number, and half (A or B) of
right or left ovary. Serial sections (10 microns) of tissue were
taken using a microtome and sections were fixed onto slides,
appropriately labeled with ewe information and tissue section rumber
and stained with hematoxylin (Lerner-2 hematoxylin, Lerner
lLaboratories, New Haven, CT) and eosin (Eosin-Y, Lerner Laboratories,
New Haven, CT).

Slides were evaluated and follicular diameter measured similar to
the method developed by Rajakoski (1960). Slides were placed in
serial order on a semi-transparent plastic sheet with a metric ruler
included in the field. The sheet was illuminated from underneath and
a photooraph was taken. This process was repeated until all ovarian
sections were included. Photographic slides were then projected onto
a paper screen. Measurements of the CL and antral follicles were
obtained by calibrating a hand held ruler to the ruler projected on
the screen. Each follicle.or CL was measured in millimeters at its
widest vertical (dj) a;'ld horizontal (d,) point. A third measurement
was taken by counting the number of sections in which a particular
structure was observed. By multiplying that number by 10 microns, and
dividing that value by 1,000 one obtained the measurement in
millimeters (d;). The average diameter was calculated by dividing dj
+ d2 + d3 by three. For CL, a volume measurement was taken as an
estimate of CL weight. Volume was determined by dividing the average‘
CL diameter by 2 to obtain thé radius, cubing that number and

multiplying it by the constant 4/3 times pi. For ewes with more than
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CL volume for an ovary.

Antral follicles were then classified histologically as eitlher
atretic or non-atretic. Criteria for atresia were: 1) the presence
of a darkly stained and disassociated membrana granulosa, and 2) the
appearance of atretic bodies. Non-atretic follicle; maintained a
brighﬁ unifornlappearancé and an intact ﬁemkmana granulosa.

Corpora lutea were determined to be regressing if the luteal
cellé were misshapen and darkly stained, appeared to have an
accumulation of lipid droplets inaicating failure of steroid
synthesis, and a breakdown in the luteal vascular system.

Statistical Analyses

Chi-square analysis was used to tes£ for differences in the
proportion of ewes in estrus aftér surgery {Snedecor and Cochran,
1980). Time to onset and duration of estrus, and estrous cycle length
after PGF,% was analyzed using Harvey's least squares for unequal
sample sizes (Harvey, 1979). One-way analysis of variance was used to
test for differences in the cycle length prior to the onset of the
experiment, and a paired t-test was used to determine differences in
cycle length before and after the PGF,® injection for each time period
(Snedecor and Cochran, 1980).

One-way analysis of variance with time as the classified variable
was used to test ovarian populations for CL size, CL volume) total
number of follicles, number of visible follicles, actual follicles,
atretic follicles, non-atretic follicles, follicles on the_fight
ovary, follicles on the left ovary, follicles on the CL ovary,

follicles on the non-CL ovary, individual size classes of folligles
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(small, medium and large), and condition of follicles (atreti¢ or non- -
atretic follicles in each size class). Pa,ire;d t-tests were used to
test for differences in each time period for total number of vigible
and actual follicles, atretic and nQn—'atretic follicles, follicles on
the left and right ovary, follicles on the CL and non-CL ovary,
q:omparisbn of follicle size classes, and the number of atretic and
non-atretic follicles in each size class (Snedecor and Cochran, 1980).

Level of significance for all tests was set at P<.05.
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RESULTS

Comparison of Visible and Histological Methods in Assessing Ovarian

Morphology

A common méthod used to examine ovarianfactivity in the ewe is to
expose the ovaries via a midventral laparotomy and count and measure
follicles and CL visible on the ovarian surface. This method is not
always reliable becausé follicles and CIL can be pértially or
completely buried within the stroma, sometimes making them difficult
to see and measure with percision. On the other hand, there are
problems associated with histological measurements due to tissue
damage and shrinkage duriﬁg preparation that make it difficult to
accurately obtain abéolute size measurements.

Results of this present study indicate both these problems exist.
Ewes in the OVX group were used to examine the accuracy of this
method. At the time of surgery, all visible antral follicles present
on the surfaces of the ovaries were counted, a second count was taken
during his£ological evaluation and included follicles concealed
beneath the surface of the ovary. Comparison of the results of the
two methods (Figure 1) indicated the actual number of antral follicles
obtained histologically was greater than the number of visible
follicles counted at 36 h (P<,05) and 60 h (P<.05). No differences
were observed at 44 and 52 h (P>.05) which was a result of visible
follicle counts being. greater than actual histological counts for some

ewes. This could be explained by misidentification of surface




36
follicles or duplicate counting of visible follicles while the ovaries
were in situ.

The results demanstrate an accruate and precise count of the
follicular population'can not be obtained easily through visual
apprasial of the ovary. The'overéll mean number of visible follicles
was 29.6+4.2, and 57.0+5.1 for éctual follicleé. In this study
approximafely 50% of the total follicles were not accounted for in the
visual observation. The apparent low correlations within time betweeﬁ
the two methods (Tables 9-12) weakens thg‘possibilify of predicting
the actual number of follicles using the visible count. Based on
these findings, the remaining analyses will involve only those ewes in
the OVX group where an accurate follicle count could be obtained from
histoligical evalugtion.

Corpus luteum size and volume was determined both'visually and
microscopically in a manner similar to that for follicles. The reason
for obtaining a volume meaéurement was that it has been shown that CL
welght is most closely related to the lewel of prégesterone synthesis
(Plotka et al., 1970) and CL volume provides the best reéresentatioﬁ
for CL weight in this study. |

Table 7 illustrates that visible CL size FLBi?5 mm) did not
differ (P>.05) from actual'CL size (6.8+.4 mm), nor did visible CL
volume (367.2+44.3 mm3) differ (P>.05, Table 8f from actual CL volume
(355.5161.6 nun3) measurements. Although not éignificantly different,
the visible measurements at times apear greater than the actual
measurements. This probably reflects tissue shrinkage or damage that

occured during histological preparation;
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It is apparent from these results that histological evaluation
Seems more advantageous' than visible evaluation for obtaining a total
count of strugtures, but is not necessarily more accurate in
gvaluating sizes.

Follllicu‘larﬂ?opufla}tiqn ,Fol}owing PGF,0 Treatment

In OVX ewes the number of actual antral follicles remained
censtant and was not, influenced by the time of surgery (Figure 1)..
These fellicles were equally distributed (P>.05) between the left
(28.4+2.8) and right (28.7+3.2) ovaries (Figure 2), and on the ovary
bearing the CL (28.8+3.6) and non-CL (29.'6:!;4‘.6) ovary (P>.05; Figure
3). Fogwell et al. (1977) reported that in the ewe, large follicles
tended to grow around the CL, and s'irlnila.r findings were observed for
the ménhey and woman (Knobil, 1973). 1In this study there were no
differences in the number of large folljcles on the the CL and non-CL
ovary (P>.05; Figure 4), and no differences in the number of large
non-atretic follicles on the CL and non—-CL 'ovary (P>.05; ‘Figure 5).

The total follicular population was divided into small (1.0 to
3.9 mm), medium (4.0 te 5.9 mm) and large (>6.0 mm) size classes and
analysis indjcated that for each size glass the total number of
follicles for each size class did not differ (P>.05) over time with
52.0+11.6 small follicles, 3.6+.5 medium follicles and 1.4+.2 large
follicles (Figure 6), Within each time period the number of small
follicles was greater (P<.05) than the number of medium and large
follicles. 'Alslo, the number of medium follicles was greater than the

number of large fallicles only at 36 h (P<.0B).
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Division of the follicular bopulation into atretic and naon-
atretic populations showed that the average number of follicles in
each group did not change over time (P>.05, Figure 7). However,
Figure 7 seems to illustrate a decreasing trend, though not
significant (PE.OS), in the total number of non-atretic follicles from
36 to 52 h. .

While the number of medium atretic follicles (2.3+.5) did not
change over time (P>.05), tﬁe population of medium non-atretic
follicles fluctuated (Figure 8). The mean number of non-atretic
follicles feil from 2.2+.4 follicles at 36 h to 1.0+.4 follicles a1;
44 h and .2+.2 follicles by 52 h (P<.05). However, by 6b h the number
of non-atretic follicles increased to 1.6+.5, which was greater than
the number observed at 52' h (P<.05) and equivalent to that seen at 36
and 44 h (P>.05).

In the population of large follicles (Fi_gure 9) the number of
atretic follicles (.5+.2) did not change oyver time (P>.05), while non-
atretic follicles followed an biphasic pattern. The number of non-
atretic IfolAlicles increased from a low of .4+.2 follicles at 36 h, to
a peak level of 1.8+.8 follicles at 52 h (P<.03), and by 60 h
decreased to .6+.4 follicles (P<.05). '

Most of the estradiol produced originates from follicles 5 mm in
size or greater (Baird, 1981; Moor, 1973), therefore large and medium ‘
follicles examiqed in this study were assumed to be the primary source
of preovulatory estradiol and were considered as a pooled -group qf
folligles (Figure 10). The number of atretic and non-atretic

follicles fqllicles did not differ over or within time (P>.05).
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Size and Volume of Corpra Lutea Following PGF,o

| Histologically, it was determined that all CL were actively
undergoing regression. Visible CL size (7.3+.5 mm) remained constant
with time (P>.05;) as did visible CL volume (367.21:44.3 mm3; P>.05).
It did not appear that ewes with more than one CL had s;naller
individual CL sizes than ewes with.only one CL. Results of actual CL
size and volume are shown in Tables 7 and 8. Actual CL volume did not
change over time (P>.05) and the overall mean volume was 355.5+61.6
mm3 , while CL size exhibited a gradual decline and by 60 hours CL size.
had shrunk to 5.0+1.0 mm and was smaller than in all other time groups
(P<.05). Although not sign'ifi,cant, actuval CL volume showed a
decreasing trend with tir_ne. This may reflect regression of CL as the

tissue shrinks and dies with time.

- Length of the Estrous Cycle

On day 12 of the estrous cycie, all ewes were given a PGF,
injection to induce luteal regression. To measure the effectiveness
of PGF,0 , the average estrous cycle length prior to the injection was
compared to the cycle length following the injection for those ewes
6bserved in estrus after PGont treatment (Table 2). The PGF,0
injection shortened the estrous cycle to 13;7i.2 days from a previous
cyé:le length of 17.1+.2 days (P<.0l), indicating early luteal
regression had taken place.

Effect of Treatment on the Estrous Response

The proportion of ewes exhibiting estrus was dependent on type
of surgery (Table 3). In the ovariectomized (OVX) ewes 11 of 20 (55%)

showed estrus compared to 20 of 20 (100%) of the sham~operated (SO)
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ewes (P<.05).'There was a tendancy'(P<f10) for a main effect of time
of treatment on the proportion of ewes exhibiting estrus and a
significant time by treatment interaction (P<.05) was observed. This
indicated that type of surgery and the time it was performed
influenced the.number of ewes which came into estrus. Small samlple
sizes preqluded.furthér‘Chi—Square:analysis to locate the source of
the interaction. However, in the 36 and 52 h groups, O of 5 (0%) and 5
of 5 (100%) of OVX ewes, respgctively, were observed in estrus, while
5 of 5 (100%) of SO ewes in the 36 and 52 h groups were in estrus.

The mean time to onset (Tb) of estrus following PGFZd was
48.3+3.6 h for OVX ewes that showed estrus and 52.2+2.4 h for SO ewes
(Table 4). No time or treatment effec¢ts were observed (P>».05), and -
the overall mean was 50.741.9 h. This result falls within the‘range
of 44 to 66 h reported by Chamely et al. (1976).

Duration of estrus (Table 5) was 25.6+4.8 h in QVX ewes that
showed estrus and 32.6+3.2 h for SO ewes. No time or type of surgery
effects were apparent, (P>.05), and the overall mean duration of estrus
was 29.8+2.5 h, which lies within the range of 24 to 48 h reported by

Hafez (1974).

Effectlof Ovar;an Morphology on Behavioral Estrus

Pearson correlations were used to evaluate the effect of CL and
follicular populations on TO and duration of estrus (Table 6). Only
large and medium follicles and their non-atretic countérparts were
considered in the follicular population since it is primarily these
follicles which produce the estrogen needed to induce behavioral

estrus. It should be noted that since not all ewes were observed in
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estrus because of OVX, their data were eliminated from .1-;he énalyses.
Also, in this study, only ewes that were OVX and had ;an accurate
histological evaluation of the follicular population were considered
(see comparison .of visible and histological analysis in measurements
of ovarian mofphology on page 35). This resulted in reduced sample
sizes and the::;.e correlation analyses mﬁst be interpreted with ;:autio‘n.
Therefore, the objective of this analysis was to look for possible
relationships rather than draw firm conclusions.

The relationship of total number of follicles to TO aﬂd duration
of estrus appears low; as well as inconsistant over time, showing both
positive and negative correlations (Table 6). Similar inconsistancies‘
over time are apparent for the reiationship of number of non-atretic,
medium, medium non-atretic, largé and medium, and large and medium
non-atretic follicles. In general, the above mentioned structures
appear to be negatively associated with time to onset of estrus and
positively associated with duration of estrus.

The strongest relationships became apﬁarent when the population
of large follicles was analyzed. Within time of surgery correlations
were high and positive for the duration of estrus with r=.76 (44 h),
r=.66 (52 h) and r=.76 (60 h), and negative for TO of estrus at 44
(r= -.97), 52 (r= -.67) and 60 h (r= -.50). PFor large non-atretic
follicles the re'lationships were even larger with negative
correlations for TO of estrus at 44 (r=-.97), 52 (r=-.73) and 60 h
(r= ‘—.87), and positive' correiations for duration of estrus at 44

(r=.76), 52 (r=.70) and 60 h (r=.65)."




42

Both visible and actual measurements of CL were included in the
correlation analysis (Table 6) since no differences were found using
the two measurement techniques (see c;olmparison of wvisible and
histological methods in assessing ovarian morphology on pagé 35).
Correlations for visible CL size and volume on the TO of estrus w&e
véry low but tended to be positive, with the only significant
correlation &P’<.OS) for CL volume at 36 h (r=.90). For duration of
estrus, the correlation coefficients were generally low and positive -
for both measurements, with a significant correlation (P<.05) at 36 h
(r¥.68) for CL volume. The correlation of actual CL size was a mix of
both positive aﬁd negative values for the TO and durétion of estrus.
Of interest was the consistent relationship shown by actual CL vplume.
For durétion of estrus there was a positive correlation at 44 (r=.84),
52 (r=.58) and 60 h (r=.68), and a negative corrélat,ion for TQ of

estrus 44 (_r= -.93), 52 (r= -.36) and 60 h (r= -.39).
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Table 2. Estrous cycle lengfh before and
after PGF,o injection.®

Before PGF2G After PGF2“
17.4 + .2° 13.7 + .2
ax + SEM

/Cpifrerent superscripts in same row
indicate differences at P<.05

Table 3. Proportion (%) of PGF,a -treated ewes showing estrus after
surgery. ‘
| 'Til.ﬁe of surgéry ()2 |
Treatment 36 ’ 44 52 60 Total
ovx 0/5 35 5/5 3/5 11/20 (55.5%)P
(o) 5/5 5/5 5/5 5/5 20/20 (100%)€
Total 5,/10° 8/10°C 1-10/1ob 8/10PS 31740 (77.5%)

(50%) (80%) (100%) . (80%)

3Type of surgery X time interaction, P<.05

b,c

Different superscripts in column totals indicate differences at

P<.05 and in row totals at P<.10 -
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Table 4. Effect of treatment on time to onset (h) of estrus after a
PGF,a injection in the ewe.®

Time of surgery (h)

Treatment 36 44 52 | 60 ,A Total
ovX 46.7+3.5  44.0+2.2  56.0+7.1  48.3+3.6
SO 50.4+2.8  52.8+4.1  49.6+1.8  56.0+6.2  52.2+2.4

50.7+1.9°

3% + SEM

Poverall x + SEM

Table 5. Effect of treatment on duration (h) of estrus in PGFZur
treated ewes.2 ’ -

Timé of surgery (h) |

Treatment 36 T 44 - 52 60 Total

77 S— 17.343.6  27.2+4.5  28.0+12.5  25.6+4.8
SO 36.846.0 32.046.7  32.047.0  29.647.0 . 32.6+3.2
29.8+2.5°
% + SEM

Poverall ¥ + SEM
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Table 6. Correlation coefficients for corpora lutea(CL) and
follicular morphology on time to onset and duration
of estrus.

~— —

Time of surgery (h)

36° 44 52 60 T 36 44 52 60 T
Variable? Time to onset Duration

T .35 -.52 -.27 .16 .56 .27 -.06 .05

NA .38 ~32 .31 .21 .54 -.27 -.60 .29
L ___ -.97°-.67 -.50-.46 ___ .76 66 .76 .66°

LNA =97 -.73 -.87-.88° .76 .70 .65 .36

M .83 -.63 .87 .58 _  -.93¢ .78° -.65 -.16

M -.97¢ -6 .65 .41 .76 .49 -.37 -.20

A -.97°-.67 .50-.32 .76 .66 -.19 .11

M .28 -.66 .50 .20 _ _ -.94° .73 -.19 .23

f CLsa =93¢ -5  .65-.30 .84 .39 -.37 -.28
| Cwa  ___ -.93-.3 -.39-.19 .84 .58 .68 .56°
i CLsv  -.33 .08 .27 .36 .16 -.54 .00 .36 .10 .25

| Cwv . .90% .04 .44 =.09 .17 .68°. .37 .15 .08 .41

&(T) total number of follicles, (NA) non-atretic, (L) large, (LNA)
large non-atretic, (M) medium, (MNA) medium ngn-atretic, (IMNA) large
and medium non-atretic, (LM) large and medium, (CLsa) actyal CL size,
(CLva) actual CL volume, (CLsv) visible CL size, (CLvv) visible CL
volume :

o3

36 h data are not shown since ewes in thesd groups did not show
estrus, except for visible CL measurements that included sham groups
in which ewes were in estrus at 36 h. .

Cp<.05
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Table 7. Means for visible and actual corpora lutea.(CL) sizes {mm3)

in ovariectomized ewes.

Time of surgery (h)

Measurement 36 44 52 - 60 - Total .
Visible ' 7.341.2 7.8+1.0 7.3+ .4 6.8+1.3 7.3+.5
Actual 7.8+ .4° 7.4+ .3% 7.0+ .8° 5.0+1.0° 6.8+ .4

3Means in same column did not differ (P>.05)

biCyeans in same row with different superscripts indicate differences
at P<.05

Table 8. Means for visible and actual corpora lutea (CL)
volumes (mm-).2 '

Time of surgery'(h)

Measurement 36 44 52 60 Total

—

Visible 435.3+81.3 376.0+101.6 282.0+73.Q  375.7+96.8 367.2+44.3

. Actual 434.4+108.4 378.7+126.1 365.4+166.6 243.8+122.8 335.5+61.6

dMeans in same rows and columns did not.differ (P>.05)




Table 9. Correlation coefficients for relationships in ovarian morphology at 36 hours following a
- PGF, injection.?

Sac Mac Lac IMA MA TIA Lsv (Iwv  Clsa A A RO FCL ICL LINACL LNARj

Mac -.60
Lac .84 J00
IMNA -.89

LNA - —.67

CLvv ‘ .61

CLsa .35 .

CLva .19 .85

Sv .37 - '

Mv .20

v -.88

Ac : .24

NA -.06

0 .68

FNCL . .94

INCL . ) -.58
LNANCL .00
INATO . .00

"&(sac) number of small actual follicles, (Mac) medium actual follicles, {Lac) larde actual follicles
{LMA) large and. medium atretic follicles, (IMNA) large and medium non-atretic follicles, (MA) medium
atretic follickes, (MNA) medium non-atretic follicles, (LA) large atretic follicles, {INA) large
non-atretic .follicles, {CLsv) visible CL size, (CLvv) visible CL volume, {(CLsa) actual CL size,
(Clwa) .actual T volume, (V) visible follicles, (ac) actual follicles, (A) atretic follicles, {Na)
non-atretic follicles, (FCL) follicles on CL ovary, (FNCL) follicles on non-CL ovary, {RO) Ffollicles
on right ovary, Y{I0O) follicles on left ovary, {¥CL) large follicles on CL ovary, {INCL) large
follicles -on non-ClL -ovary, {LNACL) large non-atretic follicles on CL ovary, (INANCL) large non-—
atretic follicles on non-CL ovary, (ILNARO) large non—atretic follicles on rlght ovary, (INAIO) large
non.atretlc follicles on left ovary.

LY




Table 10. Correlation coefficients for relationships in ovarian merphology at 44 hours following a
PGF, injection.? A

Sac Mac lac IMA MA IA CLsv Clvwv Clsa V A RO TFCL ICL INACL INARO

Mac .06 .

Lac -.02 .00

IMNA -.64

MNA ; -.72

LNA —~.46

Clvv . .44

CLsa -.25

CLva .30 -.22

Sy .58 .

My -.09

Iv —.61

Ac .48

NA .92

10 .72

FNCL T .89

INCL ' Nee
LNACL 00
LCALO : - - -.10

4{sac) number of small .actual follicles, (Mac) medium actual follicles, (Lac) large .actual follicles
{IMA) large and medium atretic follicles, (IMNA) large and medium nen-atretic follicles, (MA) medium
atretic follicles, [MNA) medium non-atretic follicles, 4IA) large atretic follicles, {INA) large
non-atretic follicles, I{(CLsv) visible CL size, (CLvw) visible CL volume, {(CLsa) actual CL size,
{CLva) actual CL wolume, (V) visible follicles, I{Ac) actual follicles, {A) atretic follicles, (NA)
non-atretic follicles, (FCL) follicles on CL ovary, (FNCL) follicles on non-CL ovary, {RO) follicles
on -right wowvary, {LO) follicles -on left ovary, {ICL) large follicles on CL ovary,- (INCL) large
follicles on non—CL ovary, {INACL) large non-atretic follicles on CL ovary, {LNANCL) large mnon-
atretic folliciles -on non=CL ovary, {LNARO) large non-atretic follicles on right ovary, [ENAIO) large
nen-atretic follicles on left ovary.

8%




Table 11. Correlation coefficients for relationships in-ovarian morphology at 52 hours following a
: PGF, injection.? :

Sac® Mac Iac IMA MA LA CLsv CLvv <{isa \Y A RO FCL LCL INACL I1I.NARO

Mac .44
Lac .72 .94
LMNA .94

LNA .80

CIvv -.14

CLsa .95

CLva .32 .92

Sv -.15 '

Mv -.02

Lv .46 : ’

Ac -.19

NA : -.22

1O . .10
FNCL : , . _ -.10
LNANCL . ‘ : ’ .00

ai(Sac.) number of small actuél follicles, (Mac) medium actual follicles, {Lac) large ‘actual follicles

(IMA) large and medium atretic follicles, (IMNA) large and medium non-atretic follicles, (MA) medium.
© . atretic follicles, 1(MNA) medium non-atretic follicles, (LA) large atretic follicles, (INA) large

non-atretic foellicles, (CLsv) visible CL size, (Clwv) visible CL volume, (CLsa) actual CL size,
{CLwva) -actual <L volume, (FCL) follicles on CL ovary, (FNCL) follicles on non-CL. ovary, (RO)
follicles on right ovary, (LO) follicles on left ovary, (ICL) large follicles on CL ovary, (INCL)
large follicles on non-CL ovary, JILNACL) large non-atretic follicles onCL ovary, (INANCL) large
non-atretic follicles on non-CL ovary, {(LNARO) large non-atretic follicles on right ovary (LNALO)
large non-atreic follicles on left ovary. :

4




Table 12. -Correlation coefficients for relationships in .ovarian morphology at 60 hours following a
PGF2 injection. a

Sac Mac Lac IMA MA LA {Lsvy CLvv Clsa v A RO KL ICL, INACL LNARO

Mac -.55
" Lac -.31 .38
EVNA .58

LNA -.74

CLvv ' .37

CLisa .04

CLva ) .80 .77

Sv -.05

Mv .53

v .41

Ac -.33

NA ' : =37

O _ ) -.10

FNCL A2

INCL -.82

INANCL . -.58
INALO ~.41

8{sac) number of small actual follicles, (Mac) medium actual follicles, (ILac) large actual follicles
(IMA) large and medium atretic follicles, (IMNA) .large and medium non-atretic follicles, (MA) medium
atretic follicles, {MNA) medium non-atretic follicles, (IA) large atretic follicles, {INA) large non
atretic follicles; {CLsv) visible CL size, {CLvv) wisible CL volume, (CLsa) actual CL size, {CLva)
actual CL wvolume, (V) visible follicles, "(Ac) actual follicles, (A) atretic follicles, (NA) non-
atretic follicles, ({(FCL) follicles on CL ovary, (FNCL) follicles on non-CL ovary,; {RO) follicles on
. ritght ovary, 1{ID0) follicles on left ovary, {ICL) large follicles on CL ovary, {INCL) large
follicles on mnon-CL ovary, {LNACL) large non-atretic follicles on CL ovary, 3iINANCI7) large non-
atretic follicles on non-CL ovary, {INARDO) large non-atretic follicles -on right -ovary, {INAEO) ]ar—ge
non-atretic follicles .on Teft ovary.

0
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Figure 1. Mean number of visible follicles and actual follicles
present on the ovaries at the time of surgery.

arbp;i fferent superscripts indicate differences (P<.05)
within each time group.
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Figure 2. Mean number of total actual follicles present on the left
and right ovaries at the time of surgery.

3No differences within each time group, or among the
left or right ovary with time (P>.05).
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Figure 3. Mean number of total actual follicles on the CL and non-CL
ovary at the time of surgery.

No time differences were observed for follicles on the
CL. or non-CL ovary (P>.05) or between the CL and
non-CL ovary within each time group (P>.05).




54
~~
s ® CL OVARY
w
[¢2]
+1 ONON-CL OVARY
I
wn
w
-
\ o
-l
| = 1.8
‘ |18
& 10
! -
- R
s
-
-

36 44 62 60
a
TIME OF SURGERY (h)

Figure 4. Mean number of actual large follicles present on the CL
and non-CL ovary at the time of surgery.

ANo time differences were observed for follicles on the CL
or non-CL ovary or between the CL and non-CL ovary
within each time (P>.05).
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Figure 5. Mean number of actual large non-atretic follicles present

on the CL and non-CL ovary at the time of surgery.

dNo differences were observed for follicles on the CL
or non-CL ovary (P>.05), or between the CL and non-CL

ovary within each time (P>.05).
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Figure 6. Mean number of actual small, medium and large follicles
on the ovaries at the time of surgery.

a’b’cDifferent superscripts indicate differences within
each time group (P<.05).

dNo time differences were observed for the number of
small, medium or large follicles (P>.05).
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Figure 7. Mean number of actual atretic and non-atretic foillicles
present on the ovaries at the time of surgery.

asbpj fferent superscripts indicate differences within
each time group for atretic and non-atretic
follicles (P<.05).

®No time differences were observed for the number of
atretic or non-atretic follicles (P>.05).
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Figure 8. Mean number of actual medium atretic and non-atretic
follicles on the ovaries at the time of surgery.

arbrCpi fferent superscripts indicate differences at
these times for non-atretic follicles (P<.05).

*Indicates the number of atretic follicles was greater
than the number of non-atretic follicles in that time
group (P<.05).
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Figure 9.

arbpj fferent superscripts indicate differences at these
times for non-atretic follicles (P<.05).

*Indicates the number of non-atretic follicles was
greater than the number of atretic follicles in that

time group (P<.05).
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Mean number of actual large and medium atretic and non-
atretic follicles present on the ovaries at the. time of

surgery.
ANo time differences were observed for atretic or

non-atretic follicles, or between atretic and non-
atretic follicles within each time (P>.05).
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DISCUSSTION

It is evident from the results of this study that a temporal
relationship exists between the ovary and the occurrence of hehavioral
estrus. It has been established that estrous hehavior in the ewe
occurs after preovulatory surge levels of egtradipl begin tq decline
(Baird, 1978; Shemesh et al., 1972; short, 1972) and that the full
preovulatory increase in estradioi is not essential for estr@qs
behavior to pccuy (Qoodman, 1978). This has lead to the belief that
once estrogen reaches a "critical" level, estrous behavior is
triggered ang further estrogen secretion is not required for the
normal duration Qf estrus. Also, since estrus is observed after the
decline in estrogen levels, there may be a latent period from the time
the "critical" level is reached and the time behavioral estrus is
initiated. There jis evidence in the rat (Johnston an Davidsen, 1978)
for a minimum period of time (30 h) in which they must be exposed to
estrogen to induge normal lordosis. A similar cond,i1|;iQp may exist for
the ewe.

This idea is supported in part by this study. Duratipn of estrus
did not differ between those ewes observed in esfrus for the QWX and
50 ewes, indicéting that once estrus behévior Was initiated, the
continuous presence of the ovary was nat required for-the normal
duration of estrus. ,Althqugh the duration of estrus did not differ
between the two surgery groups, if tended to be shorter in OVX ewes.,
This ‘may' relate to the length of time the ewes were exposed to

elevated leyels of estrogen, in that ewes that were OVX had limited
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,exbos_u.re and may not have met the "minimum" requirement for duration
of estrogen stimulation and were the.refér@ in estrus fof a shorter
period of time. . |

The ‘exac':t timé requirement of the ovary following RGFQOL for the
pnset of estrus cquld not be determined from this study. If indeed
there is a latent Period bé,twéen the "critical” level Qf estradiol and
the onset of estrus, one wéauld expect the aqvaries could b@ remqoved
prior to the onset of estri;ls and still have estrus occur. Two ef 11
ewes in the OVX group which came into estrus, did so aft,er-surgery,
indig¢ating the possibifity that a latent period daoes exist.
Furthermore, it appeprs t_hat‘ the presence of the ovary, eor more
spegifically, preovulatory follicles, are required for at }_e_é_lgi_:_ some
‘time between 36 and 44 h, f}ut probably lenger,’ to preduce the amount.
of estrogen and (px) o‘c,lneq;i factors required.to trigger behavioral
estrus., This may explain the failure of some OVX ewes ﬁq c;o-me into
estrus in the 36, 44 and 60 h groups. The average time span tg the
onset of est_rgs aftef a P.G,de injection is 44 to 66 h (Chamley et al., -
1972) and this may relate to individual variation in the rate of
decline of progesterone secretion and subsequent rise in egtradiol.
Those ewes not observed in-estrus may have been ovariegtomized (QVX)
before estradiol reached the peak level required to induce behavioral
estrus. This "critical" level prol?ably occurs after 36 h singe no
ewes were okfserved in estrus when OVX at this time.

The fact that both estrogen (Anderson, 1969) and progesterone
(Rokinson, 1954) act to hagten the onset of estrgs lend support to

this idea. Results of this study indicate the number qf large non-
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atretic follicles and actual CL volume are négatively associated with
time to .onset of estrus. Aétual CL volume was the best approximation
available in this analysis 'for CL weight, which has been determined to
be closely related to proéesterone output. It is possible that ewes
with larger CL volumes (or weights) prior to regr'essioﬁ may -produce
more progesterone and prime the central nervous system to respond to
lower "critiqal" levels of estradidl, and ewes with a éreater number
of large non-atretic follicles may produce higher amounts of of
estradiol and the estradiol levels may peak sooner. Both of the above
canditions could hasten the onset of estrus.

‘Duration of estrus in ewes can range from 24 to 48 h (Hafez,
1974). Land et al. (1972) demonsﬁrated with progesterone-treated OVX
ewes that duration of estrus was related to dosage of exogenous

estradiol and could be prolonged with higher doses of estradiol given

"over an extended period of time. Therefore, variations in intact ewes

may be due to individual differences in the amount of estradiepl
produced during the preovulatory period prior to the onset of estrus.
Levels of eétradiol were not measured in this study, however some
correlations suggested é pbsitive relationship beﬁween the number of
large nonratretic follicles present on the ovaries and the duration of
estrus. If ewes with more large non-atretic follicles are capable of
prodqcing more estradiol, thus increasing the duratién of estrus, the
positive as;ociation could be explained.

Previous studies on the patterns of'follicular growth indicate
that in the ewe, thg total number of.follicles does not .change with

day of the estrous cycle. However, follicular diameter tends to
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increase towards the end of the estrous cycle (Kammléde et al_., 1952).
The same pattern of rapid follicular growth and replacement of large
follicles at the end of the cycle is evident in cattle (Matton et al.,
1981). Results of this study were in agreement and may suggest a
narrowing of the population of preovulatory follicles whereby thosge

follicleg not destined to ovulate (i.e. growth stége of fpllicle out

of phase with preovulatory events) drdp -qut of the non- atretic pool. ‘

Examination of individual size classes of foll;i.c,lés lend support
tq this hypothesis. While the total number of follicles remained
constant, there was a shift in class (atrxetic and non-atretic) of
la£ge and medium follicles. From 36 to 52 h the number of mediym non-
atretic follicles decrea;ed, while the numbér of large non-atretic
folicles increased. This change could be explained by the movement of
mediufn non-atretic follicles over time into the large size class
during a period of rapid follicular growth in response t¢ preovulatory
hormone changes. The fact that the number of medium atretic follicles
at 52 h (2.0+.4) is greater than the corresponding number of non-
atretic follicles may indicate some of these follicles are lost to
atresia as preovulatory endocrine processes eliminate portions of the
population. The increase in medium non-atretic follicles by 60 h may
represent a "recruitment" of new follicles for the next preovulatory
period, one or some of which may be the next ovulatory fellicle at the
subsequent estrus. .

The increase in the number of large non—atretic follicles from 36

to 52 h can be explained using the same hypothesis. As small and

medium non-atretic follicles grow into the next size class or become




65

atretic, a decline in their numbers was seen, while at the same time
the number of large non-atretic follicles increased as smaller
follicles became large follicles and fewer large follicles became
atretic. The decling in the number of largé non-atretic folligcles by
6Q h may indicatie a "decision" had been made in the selection of the
preovylatory follicle(s) and the remaining follicles began to dje.
The total numher of follicles in each size class remain constant as
enpugh fqllicles enter the growth phase to become smail follicles,
small follicles become medium follicles, and enough médium and large
follicles become atretic to maintain the population balance (Brand and
Jang, 1973).

The results of these follicular analyses suggest that during the
period immediately following the PGF,0 injectien, follicles undergo a
period of rppid growth and degeneration, whereby folljicles either grow
into the next size class or become atretic in response to predvulatpry
hormone changes.. It appears from this study that a crit;cal turnover
paint, in the follicular population occurs at 52 h, at which time small
and medium follicles gither continue to grow or begin to die. Perhaés
large follicles are better able to respond to preovulatory hormone
changes and remain in the non-atretic state. If the original pool of
large nonratretic follicles can remain.constant, then the populatien
of smaller fallicles gfowing into the large size class can gllow for
the increas;ng trend over a 52 h period. Sometime around 52 h,
possibly, a "choige" had been made as to which follicle(s) will
ovulate and the decline in noﬁ—atreﬁic follicles 4 h later may suggest

the remainder of the follicles not chosen began to dig off.
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The factors that determine which follicles will continue to grow
and ovulate are many. Only those folliclés in an active period of
growth gt the time of luteal regression will eventually be able to
ovulate (Smeaton and Robinson, 1971). These follicles musﬁ develép an
adequate number of LH receptors in both theca and granulosa layers to
be capable of responding to the LH surge with ovulation (Webb and
England, 1982). Atresia may result for those follicles unable to
respond to preovulatory increases in gonadotrppins (Thibault et al.,
1975). Large non-—atretic follicles are preserved by their ability to
prodyuce elevated estrogen levels which are antiatretic (Harman et al.,
1975) and their decreased dependence on gonadotropins for continued
growth. The preovulatory rise in gonadotropins can cause follicles
whose growth stage is "out Qf step" with preovulataqry events to begome -
atretic. This may be attributed to a low humber of LH receptors,
insufficient sensitivity to LH, or development of the mechanism to
respond to LH surge too late or too soon with respegt to the LH
surge.

To more‘cléariy define the role of preovulatory folligles on the
time to onset and duration of estrus, this experiment could be
repeated with a modified experimental design.. Sample sizes should be
increased to at least 10 ewes per treatment group for statistical
purppses. Apparently, the presence of the ovary is required until
some time after 36 h following PGE‘ZOL; therefore, surgical schedules
should be changed to begin at 40 h and extend out to 70 h to encompass
the variation of 44 to 66 h until the onset of estrus. This would

also give a better picture of follicular changes that occur during a
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short period of time. Once again, every 4 h the ewes should be
checked for standing estrus for a 96 h,pefiod. With each estrus
check, a blood sample shpuld be taken and evaluated for progestergne,
estradiol and luteinizing hormone to relate changes in prepvulatory

hormone levels to the time to onset and duration of estrus.
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