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Despite many previous observations of inadequate luteal function in
both sheep and humans, the functional lesion(s) responsible for such

inadequacy remains poorly understood. The aims of this study were to

investigate the nature of such lesions in ovine luteal function by

comparison, both in vivo and in vitro, of corpora lutea produced under a

wide range of physiological and experimental conditions.

The development of the corpus luteum during the normal oestrous cycle

was studied in order to establish a suitable frame of reference for

subsequent studies. It was found that such development was associated with

hypertrophy of luteal cells and increases in the number of LH binding

sites. These changes were not associated, however, with any alteration in

the sensitivity of luteal tissue to human chorionic gonadotrophs (hCG) in

vi tro.

Ovulation was induced during seasonal anoestrus by gonadotrophic

releasing hormone (GnRH) administered in a pulsatile manner. The function

of the corpus luteum was assessed by the patterns of progesterone

concentration in the peripheral plasma. It was demonstrated that the

optimal frequency and duration of treatment with GnRH for the induction of

normal corpora lutea approximated that observed during the follicular phase

of the normal cycle. Shortening of the period of GnRH treatment resulted

in either failure to ovulate, or a high percentage of inadequate corpora

lutea. These findings suggest that priming of the follicle with a

carefully co-ordinated sequence of gonadotrophins during the follicular

phase is necessary to ensure adequate luteal function.

Inadequate corpora lutea were identified in vivo not only by low levels

of progesterone secretion, but also a lack of response to an exogenous

pulse of luteinizing hormone (LH). Adequate corpora lutea (both of the

breeding season and induced during anoestrus) responded to an injection of
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LH with a significant elevation in progesterone secretion. No such

response was observed for inadequate corpora lutea. This difference could

not be explained by reduced luteal size or LH binding sites, as both these

paramete s were similar for inadequate and adequate corpora lutea induced

during anoestrus.

Inadequate corpora lutea had less well developed vasculature, which may

have contributed to luteal inadequacy in vivo. However, this can only

partially explain the inadequacy, as differences were also observed in the

sensitivity of minced luteal tissue to hCG in vitro. Inadequate luteal

tissue was 10-fold less sensitive to hCG in vitro than adequate luteal

tissue. This difference could not be explained by differences in the

concentrations of LH receptors, or by limitations in the steroidogenic

capacity of inadequate luteal tissue (both adequate and inadequate corpora

lutea exhibited similar responses to dilbutyryl cyclic AMP). Thus, it

would appear that the functional lesion resulting in reduced LH

sensitivity, and hence luteal inadequacy, lies between LH-receptor

interaction and the stimulation of adenylate cyclase activity. The nature

of this lesion remains to be determined.

In conclusion, it would appear that some gonadotrophs dependent

process associated with the latter stages of follicular maturation is

responsible for determining the subsequent sensitivity of luteal tissue to

LH. When this period of follicular maturation is reduced by premature

ovulation, the resulting corpora lutea exhibit reduced sensitivity to LH

(via some lesion between receptor and adenylate cyclase) which, when plasma

LH concentrations are also low, results in inadequate luteal function.

(VII)
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1.1 TNTPOntrrTTOM

The corpus luteum forms from the tissue of the ruptured

follicle, and hecomes the maior source of progesterone In the blood,

however, ovulation per se does not ensure the formation of a

normal corpus luteum. ^here are circumstances where the follicle

ovulates, hut normal luteal function does not result (Crighton et

al.,1973; 1975; Haresign et al., 1975; McNeilly and Land, 1979).

These studies suggest that for normal luteal function to occur,

the follicle must mature before ovulation takes place (McNeilly

1980; McNeilly et al.,1981). This essential maturation must involve

proliferation of the follicular cells (luteal cell proliferation is

minimal [McClellan et al.,1975]) as well as the acquisition of the

capacity to respond to the ovulatory gonadotrophic stimulus, and to

produce progesterone.

Tt follows that any discussion of luteal function must first

consider follicular development and maturation. This review will

outline the basic events of the ovine reproductive cycles, before

discussing the cellular basis of follicular development. This will

then be used as a basis for the consideration of luteal function and

its control.

1.2 outline of ovine reproductive cycles

1.2.1 Seasonal Cycle.

In temperate climates the ewe is a seasonally polyoestrous

animal. Turing the breeding season it exhibits a series of regular

oestrous cycles untfl pregnancy is achieved or until the onset of the

seasonal anoestrous period. This anoestrous period occurs during
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spring and smmnier anH is induced by increasing daylength (Yeates,

1949; Hafez, 1952).

failure to ovulate during anoestrus in not due to a lack of large

follicles, as the antral follicle population is reported to be

similar to that found during the breeding season (Cole and Miller,

1935; Kammlade et al., 1952; Cahill et al., 1984; McNatty et al.,

1984). These follicles are also indistinguishable from those of the

breeding season in terms of gonadotrophin receptor concentrations

(Webb and Cauld, 1985) or their capacity to respond to exogenous LH

with enhanced oestradiol secretion in vivo (McNeilly et al.,

1982b).

The absence of ovulation during anoestrus is probably due to an

inadequacy in the pattern of pulsatile LH secretion which is necessary

for the final stages of follicle growth. Turing anoestrus, each LH

pulse is capable of eliciting a pulse of oestradiol which is similar

to those observed during the breeding season (Scaramuzzi and Baird,

1977; Baird, 1978). However, the frequency of I,H pulses is

insufficient to stimulate the sustained increase in oestradiol

concentrations required to induce the preovulatory LH surge,

(Scaramuzzi and Martensz, 1975; Yuthasastrakosol et al., 1977; Walton

et al., 1980).

This decrease in LH pulse frequency is partially due to increased

sensitivity to the negative feedback effects of oestradiol (Legan and

Karsch, 1979), and partially to a steroid-independent inhibition

(Goodman and Harsch, 1981; Goodman et al., 1982). It has recently

been suggested that LH pulse frequency is restrained by a population

of oestrogen-sensitive neurones, which can be activated by an

inhibitory photoperiod, so explaining both the steroid-dependent
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and Independent effects of photoperiod (Goodman et al., 1982).

1.2.2 Oestrous Cycle

On each day of the ovine ovarian cycle there may be several

follicles of preovulatory size ( > 5mm diameter) present in one or

both ovaries (McNatty et al.,1981; Bmeaton and Robertson, 1971; Rrand

and de Jong, 1973). This presence of large follicles throughout the

cycle is probably due to a constant turnover of new follicles,

rather than a persistence of particular large follicles (Smeaton and

Robertson, 1971; Brand and de Jong, 1973; Baird et al., 1976). There

strong evidence to suggest that these follicles are steroidogenically

active irrespective of the presence or absence of a functional corpus

luteum. Androstenedione and oestradiol secretion from ovaries with

preovulatory sized follicles are significantly higher than from

ovaries with only small follicles (McWatty et al., 1981).

Baird et al., (1975) suggest that a high level of follicular

activity in the luteal phase is due to a lack of suppression of

FSH secretion by the corpus luteum (Salamonson et al, 1973; Pant

et al., 1977). The human corpus luteum produces large quantities

of oestradiol as well as progesterone. This oestradiol suppresses

FSH concentrations, and hence follicular maturation. The only

steroid produced in significant quantities by the ovine corpus luteum,

however, is progesterone. Although progesterone probably has little

effect on the secretion of FSH, it markedly inhibits the secretion of

LH (Baird, 1978; Legan and Rarsch, 1979). After the onset of luteal

regression there is a sustained increase in pulsatile LH secretion

from the pituitary gland (Baird, 1978; Legan and Rarsch, 1979; Rarsch

et al., 1979). As a result there is a striking increase in the
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production of oestradiol-17p hy the folltcle(s) which is going to

ovulate (Daird and McMeilly, 1981; Baird et al., 1981).

About "55 - 60b after the onset of luteal regression there is a

marked rise in the plasma concentrations of both LP and FSH, both

reaching concentrations of up to 250ng/ml (Fig.1.1). There is

strong experimental evidence that this surge in gonadotrophins is

stimulated by the rise in oestrogen secretion from the preovulatory

follicle (Coding et al., 1973; Jonas et al., 1973). This positive

feedback effect of oestradiol-17^ is likely to be exerted at the
level of both the hypothalamus and the pituitary (Baird and

McNeilly, 1981).

The LH surge appears to have two main functions; it initiates

the sequence of events culminating in ovulation, and, in conjunction

with the subsequent decline in FSH, induces widespread atresia of

other antral follicles >lmm diameter (McNatty et al., 1982).

In most breeds of sheep, ovulation usually occurs 24-27 hours

after the LH surge (Cumming et al., 1971). Plasma steroid

concentrations decline rapidly over this period (Baird and McNeilly,

1981), so that at ovulation they are lower than at any other time in

the oestrous cycle. Plasma progesterone concentrations subsequently

rise as a new corpus luteum is formed.

There is a secondary rise in plasma FSH concentrations similar

in magnitude to that coinciding with the LH surge, but 24h later.

The cause and function of this FSH peak remain unclear. In the rat,

it appears to be important in the recruitment of follicles to the

growing pool (Sbeela Rani and Moudgal, 1977). In the sheep, this

secondary FSH peak is higher in hreeds with high rates of ovulation

and the suggestion has been made that it may determine the number
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of small antral follicles which are recruited for development and

which will eventually ovulate (Cahlll et al., 1979).

Over the next 6-7 days the corpus luteum Increases in size and

secretes increasing amounts of progesterone until around day

14, when the corpus luteum begins to regress (Niswender et al.,1981).

1.3 THE OVARIAN FOLLICLE

1.3.1 Folllculogenesis

At around 65 days post coitum follicular function begins in the

embryonic ovary of the sheep (Mauleon and Marianna, 1977). The naked

oocytes are surrounded by a few granulosa cells, and enclosed in a

follicle.

1.3.1.1. Source of Oranulosa Cells

The embryonic source of these granulosa cells is still

uncertain. It has been proposed that they arise exclusively from

the surface epithelium (Franchi et al., 1962). Certainly, in the

human, the surface epithelium shows a marked proliferation during

folliculogenesis (Van ITagenen and Simpson, 1965). However, in every

case studied, follicle organization begins in the innermost part of

the cortex, supporting the view that granulosa cells originate from

tissue in that area (^inkerton et al., 1961).

Transplantation studies with embryonic mouse ovaries have

shown that formation of follicles is dependent on the rete ovarii

(Byskov, 1S74; Byskov et al., lq77). Tn addition, the ultrastructure

of intra-ovarian rete cells and granulosa cells is very similar.

It has therefore been suggested that rete cells move between the
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oocytes, become attached to their surface and differentiate Into

granulosa cells (Byskov, 1975).

1.3.1.2 Bole of Oocyte

When oocytes are absent, either pathophysiological^, as in the

case of Turner's syndrome (Singh and Carr, 1966; Weiss, 1971), or

after experimental destruction (Merchant-Larios, 1976), follicles do

not form, suggesting that the presence of the oocyte is a prerequisite.

However, the nature of this dependence remains to he determined.

1.3.1.3 Role of Pituitary Hormones

As we shall discuss later, the pituitary hormones direct

follicular growth, but their involvement in folliculogenesis is

uncertain. When foetal hypophysectoray was performed in primates at

a stage of pregnancy when folliculogenesis was in progress, the

ovaries subsequently contained fewer follicles when compared with

controls at term (Gulyas et al., 1977). However, the number of

oocytes was also markedly reduced. As oocytes are essential for

folliculogenesis (1.3.1.2) the primary effect of hypophysectomy may

well have been at this point.

1.3.2 Pre-Antral Follicular Growth

The adult ovary contains a large number of primordial

follicles and a smaller number of follicles at various stages of

growth (Cahill et al., 1981). The mechanisms whereby primordial

follicles are induced to enter the growth phase are still not

understood. Tn mice, granulosa cells from primordial follicles

contain receptors for FSH, and treatment of infant mice with FSH can

8



stimulate follicular growth (Pshkol and Lunenfeld, 1175). Tn

sheep, the Initiation of follicular growth continues after

hypophysectomy (Pufour et al., 1979). However, under these

conditions the number of healthy (i.e. non-atretic) pre-antral

follicles is reduced, indicating that at some time in their early

development follicles require gonadotrophic support, without which

further development is hindered, or stops completely. Once an antrum

has formed, withdrawal of gonadotrophins leads to immediate atresia

(Haird and McNeilly, 1981).

Whatever the factors are which initiate follicular growth, it is

generally accepted that once follicles begin to grow they either

continue until they ovulate, or become atretic. The pre-antral stage

of follicular growth involves the enlargement of the oocyte,

proliferation of the granulosa cell layers, formation of the

basement membrane and differentiation of the surrounding stroma into

the theca.

1.3.3 Preovulatory Follicular Development

The luteal phase is most often defined as beginning with

ovulation. However, some 24h before this time at the onset of

the LH surge, structural and biochemical changes indicative of

luteinization begin in the preovulatory follicle (Fdwards et al.,

1980; W.w.O., 1981). Tn this section we shall examine the

preovulatory follicle in terms of structure, steroid metabolism and

hormone receptor populations, and how these factors change in the

approach to ovulation.

1.3.3.1 Structure of the Preovulatory Follicle

9
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Figure 1.?. Schematic representation of the mammalian ovary,
showing stages of follicular development and (inset) the structure
of the antal follicle.
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As the granulosa cells of the pre-antral follicle multiply,

spaces between the cells coalesce and enlarge to become a fluid-

filled cavity, the antrum (Fig. 1.2). The granulosa cells immediately

surrounding the oocyte (which is still quiescent in the second

meiotic prophase) differentiate into the corona radiata, a layer of

cuboidal cells surrounding the oocyte. These cells are thought to be

important in the formation of the zona pellucida (Chiquoine, 1960;

Bjorkman, 1962).

This corona-oocyte complex is anchored to the rest of the

developing follicle by a 'stem-like' projection of granulosa cells,

the cumulus oophorous. The remainder of the granulosa cells

show a certain heterogeneity of structure and function. Those

lining the basement membrane (the mural layer) are columnar in

appearance and (at least in the rat) appear to be enriched in

aromatase cytochrome P-450 (Zoller and Weisz, 1979), LH (Zeleznik et

al., 1974; Frickson et al., 1982) and prolactin receptors (Ounaif et

al., 1982) while the inner layers (antral) are cuboidal and contain

less of these enzymes and receptors.

The basement membrane influences the functioning of the

granulosa cells by providing a barrier to the vasculature and

denying granulosa cells access to plasma LDL (Shalgi et al., 1973),

the major source of cholesterol used for progesterone biosynthesis

(Carr et al., 1981). It also permits the establishment of a unique

micro-environment, with concentrations of steroids in follicular

fluid being up to 600,000 times higher than those of peripheral

plasma (McNatty, 1978).

The theca cell layer can be detected microscopically before the

appearance of the antrum, but only differentiates into theca interna

1 2



(a well-vascularized layer of polyhedral cells) and theca externa

(connective tissue and smooth muscle fibres) when the antrum has

formed (Brambell, 1928). The theca Is penetrated by a rich network

of arterioles and capillaries which lie against, but do not

penetrate, the basement membrane (Andersen, 1926; Antonucci, 1972).

1.3.3.2 Steroid Metabolism and its Control

The ovarian follicle, under the control of FSH and LH,

synthesizes and secretes (progestogenic), C ^ (androgenic) and

(oestrogenic) steroids. These steroidogenic activities are

not spread homogeneously throughout the follicle. Just as there

are morphological differences between granulosa and theca cells,

so are there differences in steroidogenic capacity and its control.

The theca interna is the major follicular site of androgen

formation (Moor, 1977). The cells of this tissue possess specific

membrane-associated LH receptors at all stages of antral follicular

development (Zeleznik et al., 1974; binder et al., 1977; Henderson et

al., 1984). LH appears to control androgen biosynthesis via classic

LH-receptor mediated actions involving intracellular cyclic AMP

(Frickson and Ryan, 1976; Weiss et al., 1978; Tsang et al., 1980;

Dennefors et al., 1982). The rate-limiting step in androgen biosynthesis

is the 17-hydroxylase/C-17,20 lyase step; this is enhanced directly

by LH (Bogovich and Richards, 1982).

Androgen biosynthesis falls after the LH surge, causing a

decline in follicular fluid concentration as ovulation approaches

(Murdoch and Hunn, 1982 ). This appears to be due to a

"desensitization" of the biosynthetic pathway in the theca. The

thecal 17-hydroxylase/C-17,20 lyase system is inhibited under such
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FjriTPF 1.3. Schematic representation of follicular oestradlol

production. LS Interacts with with receptors on theca cells (■) to

stimulate production of androgens. VSP activates the aromatase

enzyme system on the granulosa cells by Interaction with Its

receptors (13). A, androstenedlone; T, testosterone; oestradlol.
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conditions (Hillensjo et al., 1981). Whether this is a direct effect

of LH is unclear; there is evidence to suggest that the

concentrations of oestradiol which accumulate in the preovulatory

follicle can cause selective inhibition of 17-hydroxylase and C-17,

70 lyase activities (Magoffin and Frickson, 1982).

Granulosa cells do not synthesize significant amounts of

androgen. They either lack the necessary C-17,20 lyase activity, or

the enzyme is repressed (Younglai and Short, 1970; LaCroix et al.,

1974; Tsang et al., 1980; Johnson and Hoversland, 1983). They are,

however, a major site of androgen metabolism to other androgens or to

oestrogens, depending on the stage of their development. There is

evidence in some species that the theca interna may itself

contribute towards follicular oestradiol production (Pig: Fvans et

al., 1981; Rhesus monkey: Channing, 1980; Vernon et al., 1983).

However, Raird (1977) demonstrated that, in the sheep, the infusion

of high-titre antiserum against testosterone inhibited the pulsatile

secretion of oestradiol which otherwise occurred in response to LH

pulses, indicating that the aromatase substrate was extracellular at

some point, presumably crossing the intercellular space and basement

membrane.

The current model of follicular oestradiol synthesis involves

both granulosa and theca cells, as well as LH and FSH (Fig. 1.3).

Androstenedione and testosterone produced by the LH-stimulated

theca interna are converted to oestradiol in adjacent

FSH-stimulated granulosa cells. Granulosa cells at all

stages of antral follicular growth possess FSH receptors (Zeleznik

et al., 1974). However, aromatase activity increases progressively

during the preovulatory period (McNatty, 1982). The aromatase system

16



is Induced via direct action of the gonadotrophin (FSH) which hinds

with membrane-associated receptors causing increases in adenylate

cyclase activity (Channing et al., 1978; Hillier et al., 1980;

Richards, 1980).

FSH is not the only prerequisite for sustained preovulatory

development of the granulosa cell aromatase system. LH is also

required (Armstrong and Papkoff, 1976; Sheela Rani and Moudgal, 1978).

However, granulosa cells in the immature follicle have no LH

receptors (Hillier et al., 1980), so the effect of LH at this stage

is presumably via androgenic steroids (Leung et al., 1979). Under

the influence of FSH, granulosa cells eventually acquire LH

receptors and either or both gonadotrophins can subsequently act

directly to stimulate granulosa cell aromatase activity (Moon et al.,

1982).

The biochemical machinery required for progesterone biosynthesis

is established during the final stages of preovulatory follicular

maturation and resides principally with the granulosa cells

(Channing et al., 1978; McNatty et al., 1979; Channing, 1980;

Richards, 1980; Hillier and Wickings, 1985). Studies using granulosa

cells in vitro (Channing and Tsafriri, 1977; Channing et al., 1978)

demonstrated that their ability to luteinize and produce large

quantities of progesterone increased with the maturity of the

follicle from which the cells were isolated. Luteinization could be

induced in cells from immature follicles, however, by the inclusion

of FSH in the culture medium. This induced the development of LH

receptors, and allowed cells to respond to LH and FSH with increased

progesterone biosynthesis (Frickson, 1883).

Despite the presence of both LH and FSH receptors on
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granulosa cells of preovulatory follicles, and the acquisition of

the full biochemical machinery for progesterone biosynthesis, this

biosynthesis remains partially suppressed until the follicle

ruptures and the oocyte is expelled. There are several possible

explanations for this suppression: a), Oestradiol concentrations in

the follicular fluid reach micromolar concentrations in the

preovulatory period (Hillier, 1985). These concentrations may suppress

progesterone synthesis by direct inhibition of granulosa cell

3^9-hydroxysteroid dehydrogenase/isomerase activity (Williams et al.,

1979; Veldhuis et al., 1983). b), There may also be non-steroidal

inhibitory factors within follicular fluid (Channing et al., 1982;

Murdoch and Inskeep, 1981), although such factors are as yet ill-

defined. c), There may be restricted availability of low-density

lipoprotein (LUL), the major extracellular cholesterol precursor of

luteal steroidogenesis. Until the follicle ruptures, the granulosa

cells are in an avascular environment and are denied access to the

cholesterol which circulates with LDL (Chang et al., 1976; Simpson

et al., 1980). Uuman granulosa and luteal cells contain membrane

receptors for LUL, and its uptake and metabolism are thought to be

important for progesterone synthesis (Carr et al., 1981; Owynne and

Strauss, 1982).

1.4 THE CORPUS LTTTFUM

The brief review of follicular structure and function given

above has emphasized some of the marked differences between theca

and granulosa cells. We shall now consider the cellular

composition of the corpus luteum and the follicular origin

of luteal cells.
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Piameter (ura)

Shape

Nucleus

Nuclear: cytoplasmic
ratio

Mitochondria

Secretory granules

Large Cells

>22

round/oval

rounded, pale
and central

1:27

pl.enti ful

plentiful

Small Cells

15 - 22

nore angular

Less round, more
densely staining

1: R

less abundant

less abundant

Table 1.1. Comparison of some morphologigal features of small and
large luteal cells (O'Shea et al., 1979;Podgers et al., 19S4).
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1.4.1 Cellular Composition of the Corpus Luteum

The corpus luteum of the sheep contains specific hormone-

producing (luteal) cells, and a variety of other cell types

including endothelial cells, pericytes, smooth muscle cells,

fibrocytes, macrophages and leucocytes (O'Shea et al., 1979; Dodgers

et al., 1984). Steroidogenic luteal cells make up only about 23% of

the total cell numbers (Rodgers et al., 1984). There also appears

to be heterogeneity within the luteal cell population, with two

distinct subpopulations being recognised histologically (Mossman and

Duke, 1973). These two subpopulations have been termed large and

small luteal cells. However, these names are misleading as the cell

types are distinguished not primarily on size but on morphological

characteristics. Table 1.1 outlines some of the morphological

characteristics of large and small cells. It can be seen that most

of these differences are subjective and qualitative; there is no

obvious feature or characteristic which is possessed exclusively

by every member of either cell type. In fact, even cell size is

not a good criterion for distinction of cell types (O'Shea et al.,

1986). Despite these difficulties, enzymically-dispersed luteal

cells can be separated on density gradients to give fractions

enriched in either small cells or large cells, and these enriched

cell populations have been shown to exhibit different biochemical

features (see below). Before discussing the function of these

cell types it is important to emphasize that the enzymic dispersion

only liberates a small proportion of the total cells ( 20%; Dodgers

and O'Shea, 1982; Rodgers et al., 1984). This is particularly

important in view of the suggested heterogeneity of luteal cells.
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Also, there have heen no reported attempts to quantify the effects

of enzymic dispersion on luteal gonadotrophin receptors or

gonadotrophin sensitivity.

1.4.2 Origin of Small and Large Luteal Cells

The existence of two distinct populations of steroidogenic

cells in the preovulatory follicle (the granulosa and theca cells)

together with the reported heterogeneity of luteal steroidogenic

cells, has led to the classical dogma that the large and small cells

are simply luteinized granulosa and theca cells respectively.

Certainly, there is clear evidence that both granulosa and theca

cells contribute to the developing corpus luteum (McClellan et al.,

1975; O'Shea et al., 1980). However, the exact nature of their

contribution to the mature corpus luteum is still uncertain.

For this reason these two aspects shall be considered separately;

firstly, what part do granulosa and theca cells play in the early

development of the corpus luteum, and secondly, does this

involvement persist with luteal development?

1.4.2.1 Farly Development of the Corpus Luteum

Several studies following morphological and biochemical markers

of granulosa and theca cells have provided evidence that, in the

early corpus luteum, small cells are derived from theca cells,

whereas large cells are derived from granulosa cells. Morphological

studies (Deane et al., 1966; McClellan et al., 1975) have supported

this view for the origin of small luteal cells, as have studies

using alkaline phosphatase as a marker. This enzyme, confined to
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the theca in preovulatory follicles, is only present in small

luteal cells of the early corpus luteum (O'Shea et al., 1980).

Unfortunately, within 48h after ovulation it is widely spread

throughout the corpus luteum, and so its value as a thecal marker is

lost. In the bovine corpus luteum, studies using monoclonal

antibodies directed against theca cell-surface antigens to

identify cells of thecal origin have suggested that a large

proportion (but not all) of the small luteal cells are of thecal

origin (Alila and Hansel, 1984). However, the distribution

of these antigens is also subject to alteration during luteal

development making identification of cells of thecal origin in the

mature corpus luteum difficult.

These morphological and immunological studies provide good

evidence that granulosa cells differentiate into large luteal cells

in the early corpus luteum. Furthermore, estimates of granulosa cell

numbers in preovulatory follicles (O'Shea et al., 1985) agree very

closely with the numbers of large luteal cells per corpus luteum

(Rodgers et al., 1984; O'Shea et al., 1986), as would be expected

due to the infrequency of mitosis within luteal cells after ovulation

(McClellan et al., 1975).

1.4.2.2. Origin of Luteal Cells in Mature Corpora Lutea

As reviewed above, the early corpus luteum contains small cells,

most of which are derived from theca cells, and large cells derived

from granulosa cells. Whether these populations remain distinct

throughout the lifespan of the corpus luteum remains controversial.

Several groups have proposed that small cells may differentiate into

large cells (Fitz et al., 1982; Cran, 1983; Alila and Hansel, 1984).
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It has also been suggested that there may be a distinct population of

stem cells, which differentiate into small cells, which in turn

differentiate into large cells (Niswender et al., 1985).

Fitz et al. (1982) reported that in those cells obtained from

enzymatic dissosciation of ovine luteal tissue there was a

progressive increase in the number of large cells and a decrease in

small cell numbers as the luteal phase progressed. Certainly, this

observation is compatible with transformation of small cells into

large cells. However, cells were categorised purely on the basis of

size, so the results may simply reflect cell hyperplasia rather than

transformation. In addition, as we have already mentioned,

dissociated cells may not be representative of the tissue from which

they are obtained. A morphoraetric study of undissociated luteal

tissue (O'Shea et al., 1986) failed to show any increase in the

number of large luteal cells (classified by morphology). However,

this study only compared tissue from day 9 and day 13 of the

luteal phase. As the corpus luteum has reached its maximum weight

and progesterone secretion by day 9 (Niswender et al., 1985) it is

perhaps not surprising that no difference was observed.

Cran (1983) demonstrated that luteinization of follicular

cysts (formed by the administration of pregnant mare's serum

gonadotrophin) resulted in the formation of cells classified

morphologically as large luteal cells, despite the fact that the

granulosa cells had degenerated. This provides perhaps the

strongest evidence that theca-derived cells can, under certain

circumstances, contribute to the large luteal cell population.

Htudies in the bovine corpus luteum using monoclonal antibodies

specific to granulosa cell antigens or theca cell antigens (Alila
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and Hansel, 1984) have shown that as the corpus luteum matures, so

the number of large cells expressing the granulosa cell antigen

decreases, while the number expressing the thecal cell antigen

Increases. Although these data erg, consistent with the involvement of

theca-derived cells in the formation of large luteal cells,

granulosa-derived luteal cells may simply be expressing antigens

originally limited to the theca. Indeed, if granulosa-derived

luteal cells are being replaced by theca-derived cells, as Alila

and Hansel (1984) suggest, there would need to be a removal of the

granulosa-derived cells. No evidence has been provided to suggest

that this occurs.

1.4.3 Differential Function of Small and Large Luteal Cells

Before discussing the functions of the corpus luteum as a

whole, we shall first consider those functions which have been

linked with one or other luteal cell types, namely progesterone

and oxytocin production.

1.4.3.1 Progesterone Production

Luteinizing hormone is the major luteotrophic hormone

in sheep. However, there appear to be marked differences in

response to LH by large and small cells in vitro (Fitz et al.,

1982; Hodgers and O'Shea, 1982; Rodgers et al., 1983a). Small

cells,reported to have higher numbers of LH receptors (Fitz et al.,

1982), respond to LH with increased cyclic AMP and progesterone

production (Hoyer et al., 1984). T.arge cells are less responsive to

LH (Fitz et al., 1982; Rodgers et al., 1983a) and fail to respond at
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all to dbcAMP (Fitz et al., 1982) or to Increased synthesis of

Intracellular cAMP caused by adenylate cyclase activators (Hoyer et

al., 1984). The difference In number of LH receptors and response

to LH in vitro may be due either to genuinely differing levels on

the cells in situ, or to a differential loss of LH receptors

during preparation of large and small luteal cells. Powever, the

differing response to dbcAMP and adenylate cyclase activators suggests

that steroidogenesis in the large luteal cell is not under the control

of the classical receptor-adenylate cyclase system. Several other

lines of evidence support this view. Fitz et al. (1984a)

demonstrated stimulatory effects of PGF) and POF7 on basal progesterone

production by large luteal cells, which were unaccompanied by

measurable changes in cAMP levels in cells or media.

Progesterone production can be stimulated by ^-adrenergic
agonists such as isoprenaline and inhibited by the antagonist

propranolol in mixed populations of luteal cells (Jordan et al.,

1978); this stimulation was accompanied by increased synthesis of

cAMP (Jordan et al., 1978). However, when separated populations of

large and small cells were used (Rodgers et al., 1985) only large

cells could be stimulated by isoprenaline. these data suggest

that increased cAMP can stimulate progesterone production

from large cells.

All published studies comparing basal progesterone production

in vitro have indicated that large luteal cells produce more

progesterone per cell than do small cells. Assessment of the

relative contribution these cell types make to progesterone

production in vivo is more difficult. It requires accurate

information on relative numbers of each cell type, their sensitivity
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and responsiveness to LH in vivo (i.e. before the inevitable

receptor loss occurring during dissociation) and the availability of

circulating LH to the tissue. tWc> such attempts have been made.

Rodgers et al. (1983a) concluded that small luteal cells could

produce more progesterone than large cells, while Niswender et al.

(1985) suggested that small cells contributed less than 22% to the

overall in vivo progesterone production.

1.4.3.2 Oxytocin Production

Oxytocin is synthesized and secreted by large luteal cells,

but not by small luteal cells. This was demonstrated by light

microscopic immunocytochemistry (Watkins, 1983) and confirmed

by electron microscopy (Theodosis et al., 1986). Production in

vitro has also been shown to be restricted to large luteal cells

(Rodgers et al., 1983b).

Oxytocin within the large luteal cells is located in the

electron-dense membrane-bound granules (Theodosis et al., 1986).

POF^x will induce release of oxytocin in vivo (Fairclough et al.,

1985) and oxytocin has been reported to inhibit LH-stimulated

progesterone production by small cells (Niswender et al., 1985).

These two observations have led to the suggestion that oxytocin,

released from large cells under the influence of PGF^ , could

suppress the response of small cells to LH (Rodgers et al., 1985;

Niswender et al., 1985). However, Rodgers et al. (1985) were unable

to detect any effect of oxytocin on either large or small cells, and

oxytocin receptors have not yet been demonstrated on small cells.
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1.5 CONTROL OF LHTEAL FUNCTION

The function of the ovine corpus luteum Is controlled hy the

secretions of at least two other endocrine organs. The pituitary

secretes LH, which Is generally accepted to be the primary

luteotrophic hormone (Niswender et al., 1985) and prolactin, which

may also play a role in the sheep corpus luteum (see below). The

uterus, on the other hand, produces FGF^ which can cause luteolysis

(McCracken et al., 1971) and PGEx which can prolong the function of

the corpus luteum (Silvia and Niswender, 1984).

Before discussing these and other factors in more detail, it

should be emphasized that the degree of vascularization is another

important regulator of luteal function. Not only does this modulate

the amount of blood-borne hormone reaching the corpus luteum, it may

also affect luteal steroidogenesis via the availability of LDL and

removal of progesterone. Blood flow to the ovary bearing the corpus

luteum increases from around 1 ml/min at the time of ovulation, to

around 7 ml/min in the mid-luteal phase (Niswender et al., 1976), due

primarily to vascularization of the corpus luteum. This

vascularization appears to be under the control of one or more

angiogenic factor(s) secreted by the luteal cells (Gospodarowicz and

Thakral, 1978).

1.5.1 LH and Luteal Function

Hypophysectomy of ewes on day 1 of the luteal phase prevented

formation of the corpus luteum, whilst hypophysectomy on day 5 led

to premature regression of the partially-formed corpus luteum

(Kaltenbach et al., 1968). Early studies to elucidate which

pituitary hormones were responsible for the maintenance of luteal
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function were fraught with difficulties due to the far from pure

preparations used, "owever, Kaltenhach et al. (1968) also

demonstrated that constant Infusions of crude pituitary

preparations containing LH and F8H maintained luteal function

following hypophysectomy. Constant infusions of prolactin had no

effect, however (see Niswender et al., 1985 for review), nomanski

et al. (1967) reported that infusion of LF enhanced progesterone

secretion and subsequently Fuller and Hansel (1970) reported that

daily injections of antiserum to LH caused luteal regression in

cycling ewes. These studies, together with the observations that

LH stimulates progesterone secretion by ovine luteal tissue in

vitro (Kaltenbach et al., 1967; Simmons et al., 1976), have led

to the acceptance of the critical role of LH in the formation and

maintenance of the ovine corpus luteum.

It is generally accepted that LH exerts its effects via a

specific receptor in the plasma membrane of the target (luteal)

cells. However, these may not be the only targets for LH within

the corpus luteum, as injections of LH during the luteal phase are

followed by rapid elevations in ovarian blood flow (Niswender et

al., 1976). The mechanisms involved in this increase in blood flow

are not yet understood, though the resulting increase in available

LDL may well contribute to the enhanced progesterone production

under such circumstances.

1.5.1.1 Regulation of LH Receptors

Diekman et al. (1978) quantified luteal receptors for LH

throughout the ovine oestrous cycle. They reported that the
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number of LH receptors (both occupied and unoccupied) increased

until day 10, remained high until day 14, then declined rapidly

by day 16. Maximum plasma progesterone concentrations were

obtained by day 10, when only 0.6% of the luteal receptors were

occupied by LH. LH receptor numbers (both occupied and unoccupied)

were highly correlated with serum and luteal progesterone

concentrations. However, as these were also highly correlated to

luteal weight, It was difficult to determine whether the increased

receptor numbers or the increased luteal mass was principally

responsible for increased progesterone concentrations.

The processes regulating LH receptor levels are poorly

understood. Niswender et al. (1985) demonstrated that the number of

receptors increased in a linear fashion up to 30 minutes after

injection of lmg oLW but returned to pre-injection levels by 100

minutes. The LH-stimulated release of progesterone from luteal

cells was paralleled closely by the release of membrane-bound

protein-containing granules (Oemmell et al., 1974; Oeramell and Stacy,

1977; Sawyer et al., 1979). If the limiting membrane of these

granules contained receptors for LH, then the incorporation of this

membrane into the plasma membrane of the cell during exocytosis

could explain the increase in LH receptors following injection of LH

(Niswender et al., 1981).

In another study where injections of lmg oLH were given to ewes

and receptor concentrations studied (Suter et al., 1980), similar

results were obtained with respect to the short-term elevation in LH

receptor numbers, however, receptor concentrations had decreased by

12 hours post injection, and the magnitude of the decrease closely

matched the number of receptors occupied by hormone 10 minutes after
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the Injection. This observation lends support to the view that loss

of receptors is a consequence of their occupancy. There is evidence

that receptor-mediated endocytosis occurs for a number of protein

hormones. The loss of LF receptors would suggest that they

are internalized along with the bound LH. Several workers have

demonstrated autoradiographically that hCO is internalized in this

manner in the ovary (Conn et al., 1978; Han et al., 1974). Indeed,

by 12-16 hours after luteal cells were pulse-labelled with >iSI-hCO,
60% of the bound hormone had been internalized (Ahmed et al., 1981).

Later results published by Mock and Niswender (1983) demonstrated

that oLH was internalized 50-times faster than hCG. Bourdage et al.

(1984) demonstrated that a pulse of hCO resulted in longer term

stimulation of progesterone production by dissociated luteal cells

than did a similar pulse of oLH (Niswender et al., 1985). Together,

these two observations have led to the suggestion that

internalization of the hormone-receptor complex is associated with

"attenuation of the steroidogenic response" (Niswender et al., 1985),

and that it is a mechanism used by the cell to terminate the

response to the trophic hormone.

1.5.1.2 Mechanism of LH Action

The mechanism of LH action has been studied primarily in rat

luteal cells or granulosa-lutein cells (i.e. granulosa cells which

have luteinized in culture). Caution is required in extrapolating

these results to ovine luteal cells; however, it seems likely that

such processes will be relatively similar between species.

LH stimulates cAMP production by enhancing adenylate cyclase

activity (Marsh, 1976). The LH-induced increases in cAMP production
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result In Increased cAMP-dependent protein kinase activity

(Vaitukaltls et al., 1975) which may lead to increased

phosphorylation and steroidogenesis (Darbon et al., 1981). LH may

also alter Intracellular pools of cAMP (Menon et al., 1978) to

increase progesterone production (Klinken and Stevenson, 1977). This

sequence of events is likely for small luteal cells where LH

appears to act via the classic cAMP second messenger system.

However, it has been suggested that large luteal cells may not use

this system. One possible explanation for the reported lack of

increase in cAMP in large cells following stimulation by LH, PGF.^

or PdE? (see 1.4.2.1) is that these cells utilize an alternative

second messenger system; namely the inositol-lipid pathway (see

Berridge, 1985 for review). Here, the external signal is transmitted

via a O-protein to activate phosphodiesterase which then cleaves the

membrane lipid phospbatidylinositol biphosphate into diglycerol and

inositol triphosphate. The diglycerol directly stimulates protein

kinase C activity, while inositol triphosphate mobilizes calcium,

which, in turn, stimulates protein kinase C activity. This appears

to be a second messenger system which influences steroidogenesis

in bovine placental cells (Shemesh et al., 1984) and cells from

the zona glomerulosa in the bovine adrenal (Capponi et al., 1984)

There are a number of sites where LH could stimulate

progesterone production. It may increase the number of

lipoprotein receptors (Hwang and Menon, 1983), stimulate HMO-CoA

reductase (the rate-limiting step in cholesterol biosynthesis) and

so increase substrate concentrations for the cholesterol side-chain

cleavage enzymes (Schuler et al., 1981) and stimulate cholesterol

esterase activity, so mobilizing free cholesterol from pools of fatty
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acid esters (Behrman and Armstrong, 1969; Caffrey et al., lq79).

However, the major site of action of T.,H on progesterone

biosynthesis appears to be on the conversion of cholesterol to

pregnenolone (Ichii et al., 1963; Hall and Koritz, 1964; Armstrong

et al., 1970) and pregnenolone to progesterone (Rubin et al•, 1963;

Caffrey et al., 1979; Jones et al., 1983). It has been suggested

that as both cholesterol side-chain cleavage and 3(3-hydroxysteroid

dehydrogenase enzymes are associated with intracellular membranes

(which have a slow turnover rate), stimulation of these enzymes may

be part of a chronic, rather than an acute, response to LH

(Hsueh et al., 1984).

Finally, steroidogenesis may be enhanced by LH-stimulation of

glycolysis, as has been observed in prepubertal rat ovaries

(Ahren and Kostyo, 1963) and rat luteal tissue (Armstrong et al.,

1963; Channing et al., 1966).

1.5.2 Prolactin and Luteal Function

The importance of prolactin in luteal function varies greatly

with the species being studied. It has been shown to be essential

in the maintenance of the rat corpus luteum (Rothchild, 1981).

However, data in the sheep are less clear. Prolactin administration

during the ovine luteal phase (Karsch et al., 1971; McCracken et

al., 1971) or depletion by bromocryptine or ergocryptine (Louw et al.,

1974; Niswender, 1974) had no effect on progesterone production,

suggesting no role for prolactin in luteal maintenance. However,

following hypophysectomy (Denamur et al., 1973), LH alone was

ineffective in maintaining luteal function. Prolactin alone

maintained some luteal activity, while maintenance of full function
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and progesterone secretion required the administration of both LF

and prolactin. In a study where LF was Infused Into

hypophysectomized ewes, luteal function was only maintained in those

ewes with detectable amounts of prolactin in their plasma (Schroff

et al., 1^71). These results suggest that, in the ewe, basal

concentrations of prolactin are essential for maintenance of the

corpus luteum.

The mechanism of this prolactin action remains to be

elucidated. Rven in tissues where measurable prolactin receptors

have been reported, prolactin does not stimulate cAMP production

(Mason et al., 1962; Marsh et al., 1966).

1.5.3 Lipoproteins and Luteal Function

Lipoproteins are complex macromolecules which carry virtually

all plasma lipids including cholesterol and its esters (Hsueh et

al., 1984). Each lipoprotein particle contains a lipid core

surrounded by a protein coat composed of specific apoproteins. They

are classified according to their lipid-to-protein ratios

(densities). Low density lipoprotein (LDL) particles bind to plasma

membrane receptors and enter the cell by receptor-mediated

endocytosis (Brown and Goldstein, 1969). The endocytotic vesicles

fuse with lysosoraes which hydrolyse the lipoprotein particles to

amino acids and unesterified cholesterol. The rise in cellular

unesterified cholesterol activates the enzyme acyl CoA: cholesterol

acyl transferase which re-esterifies cholesterol. The cholesterol

esters are then stored in lipid droplets within the cells and can be

hydrolysed to free cholesterol following the activation of

cholesterol esterase. The esterifying enzyme may also be controlled
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by gonadotrophins (Behrman and Armstrong, 1969; Caffrey et al, 1979).

As already mentioned (1.3.3.2), the absence of LDL within the

pre-ovulatory follicle is thought to be a major cause of its low

level of progesterone secretion. When the basement membrane of the

follicle is ruptured and the vascularization of the corpus luteum

initiated, so the developing luteal cells are exposed to LDL as a

source of cholesterol, and develop specific LDL receptors. The

number of LDL receptors would therefore appear to be another

influence on luteal steroidogenesis. The LDL receptor number and

receptor-mediated uptake of LDL by luteal cells can be stimulated by

hCG (Hwang and Menon, 1983).

1.5.4 Neurotransmitters and Luteal Function

As already mentioned (1.4.3.1) progesterone production in

vitro can be stimulated by ^-adrenergic agonists such as

isoprenaline (Jordan et al., 1978; Dodgers et al., 1985) and

inhibited by antagonists such as propranolol (Jordan et al., 1978).

The dense adrenergic innervation of the mammalian ovary also

suggests a role for the adrenergic system in regulation of ovarian

function (Mohsin and Pennefather, 1979). Some of the adrenergic

fibres are associated with ovarian vasculature and presumably

influence vasoconstriction and dilatation. However, in several species

the corpus luteum also contains nerve fibres coursing along blood

vessels (Jacobowitz and T7allach, 1967). Denervation of the rat ovary

during pregnancy has been reported to decrease the activity of 3/3-

hydroxysteroid dehydrogenase in the corpus luteum (Burden and

Lawrence, 1977). Direct electrical stimulation of the ovarian

nerves, on the other hand, increased ovarian progesterone
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concentration (Weiss et al., 1978; 1981). Catecholamine-sensitlve

adenylate cyclase has been documented in luteal tissue of a number

of species including sheep (Jordan et al., 1978), and in these

species, -adrenergic agonists have been shown to stimulate

progesterone release (Godkin et al., 1977; Jordan et al., 1978;

Zsolnai et al., 1982).

1.5.5 Prostaglandins and Luteal Function

1.5.5.1 Luteolysis

The first reported observation of a uterine effect on the

corpus luteum was by Loeb (1923). Me reported that removal of the

uterus in guinea pigs resulted in extension of the dioestrous

interval. It was subsequently shown that hysterectomy in the ewe

prolonged the lifespan of the corpus luteum for approximately the

length of gestation (Wiltbank and Casida, 1956; Moor and Rowson,

1966). There is now considerable evidence that PGF^ is the uterine

luteolysin in the ewe. Wilson et al. (1972) demonstrated elevated

concentrations of PGF in the endometrium at around the time of

luteal regression. Infusion of PGF^ into the ovarian arterial

circulation, or the uterine vein, leads to luteal regression

(McCracken et al., 1970; Thorburn and Nicol,1971; Chamley et al.,

1972; 1974). Similarly, injections of PGF^cx. (intrauterine or

intramuscular) result in premature luteal regression. Minallyj

a number of morphological and biochemical parameters associated

with luteolysis are similar during normal and PGF^-induced luteal

regression (McClellan et al., 1975).

It should be noted, however, that the corpus luteum of a number of
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species (including sheep) is not susceptible to the luteolytic

action of PGF^*, during the early part of its life (see Poyser, 1981

for review). Binding of PGF-^ to bovine corpora lutea increases

during the oestrous cycle (associated with increased affinity), but

it is unclear if this change alone is responsible for the changing

susceptibility of the corpus luteum (Fao et al., 1979). There have

been no reports of increases in PGF^ binding to the ovine corpus

luteum during the luteal phase.

The mechanism of action of PGF^c*. on the corpus luteum is

still unclear. Prostaglandins are highly vasoactive substances

(Bergstrom et al., 1968). In 1970, Pharriss et al. proposed that

PGFjjx. exerted its luteolytic effect via a reduction in the

ovarian blood supply. Several investigations have supported

this hypothesis by reporting PGF^-induced decreases in total ovarian

blood flow (McCracken et al., 1971; Nett et al., 1976). However,

there have been a similar number of reports of no decrease in ovarian

blood flow following exogenous PGF^x administration, although

significant reductions in serum progesterone levels were noted (Behrman

et al., 1971; Auletta et al., 1973; Baird, 1974). Coding et al. (1972)

proposed that luteolysis may be caused by a vascular mechanism

involving a redistribution of blood flow within the ovary, a theory

which was supported by the findings of Novy and Cooke (1973) that,

following injection of PGF^ , luteal blood flow was reduced while

interstitial and follicular tissue blood flow was increased,

resulting in little net change in blood flow. If reduced blood flow

to the corpus luteum is a causal factor in luteal regression, it is

certainly not the only one. The reported decrease in blood flow

was only detectable 6-8 hours after PGF^*. injection, which is after
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the Initial fall in progesterone secretion. Also, several workers

have shown that progesterone secretion by luteal tissue in vitro

is inhibited by POF^* , an observation which cannot be explained in

terms of vasoconstriction. Tt seems likely, therefore, that

vasoconstriction is not the initiator of functional regression,

though it may be important in the structural regression which

follows.

Specific PGF^ receptors have been demonstrated on the
membranes of large luteal cells (Fitz et al., 1982). LH receptors

on the other hand are more abundant on the small luteal cells.

These observations, together with the reports that PGF^^ exerts its

main effects in vitro on LH-stimulated progesterone release,

suggest that some factor is produced by the large luteal cells in

response to PGF^ which then affects small luteal cells, the

discovery of oxytocin in the corpus luteum, its localization within

large luteal cells (Rodgers et al., 1983b; Watkins, 1983; Tbeodosis

et al., 1986) and the observation that POFj* can induce

its release in vivo (Fairclough et al., 1985) have led to the

suggestion that oxytocin may be the factor involved. Certainly

Niswender et al., (1985) reported that oxytocin can inhibit

LH-stimulated progesterone production by small cells. However,

Rodgers et al., (1985) were unable to detect any effect of oxytocin

on either large or small luteal cells, and oxytocin receptors have

not yet been demonstrated on small luteal cells.

Data regarding the response of luteal tissue to PC's in vitro is

somewhat contradictory. 8everal authors have observed a stimulation

of progesterone synthesis in a number of species (Pharriss et al.,

1970; Marsh, 1971; Hixon and Hansel, 1974). On the other hand, Koos
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and Hansel (1981) reported no effect of PGF^x on either hasal or LH-

stlmulated progesterone production by Isolated small and large

luteal cells. Several workers have also shown an Inhibitory effect

of PCF^ on progesterone production from ovine luteal minces In

vitro (Fvrard et al., 1978) and on isolated large luteal cells

(Fitz et al., 1984b). These studies are difficult to interpret as

material was collected at different stages of the luteal phase and,

as already mentioned, PG receptor concentrations may vary throughout

the luteal phase. The doses of prostaglandins used have also

differed between experiments.

A large body of evidence suggests that, in the rat, PGF^r*.

administration is followed by reduced LH binding to luteal receptors

and inhibition of LH-stimulated adenylate cyclase activity (Behrman et al.,

1979), perhaps increasing calcium influx or mobilization of internal

calcium which in turn prevents adenylate cyclase activation

(Behrman et al., 1979).

We have, so far, considered PGF^ as acting on specific

receptors to elicit specific responses. There is evidence,

however, to suggest that PGFjjx maY directly alter membrane function,

and thus cell function. Carlson et al. (1981) reported that luteal

regression, whether "natural" or in response to exogenous PGF^x , was

associated with structural changes in the cellular membranes. Using

wide-angle X-ray diffraction they found that in corpora lutea

removed at mid-cycle, all of the membrane lipid was in the liquid

crystalline phase at body temperature. However, membranes prepared

from regressing luteal tissue revealed a phase transition in which a

proportion of the lipid was in a gel phase at body temperature.

Proteins are restricted from the gel phase lipid (Shechter et al.,
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1974). Thus, protein-related processes such as gonadotrophin binding

and coupling to adenylate cyclase may be Inhibited. There is also

evidence that membranes may become leaky when both phases are

present In the bilayer (Papahadjopoulos et al., 1973), allowing

influx of calcium into the cells and release of intracellular

calcium stores. Further support for this model of luteal regression

comes from the observation that prolactin, which is antiluteolytic

in the rat (Behrman et al., 1985), prevents PGF^,* -induced structural

alteration from liquid-crystalline to gel phase in rat luteal cell

membranes (Buhr et al., 1983). Also, the dogma that "progesterone

stabilizes; oestrogen labilizes" cell membranes, and the

observation that oestrogen may be necessary for PGF^ -induced

luteolysis (Fixon et al., 1975) and will certainly enhance it

(Oengenbach et al., 1977) while progesterone can prevent the

binding of PGF^ to cell membranes (Bao, 1976), would tend to

support the view that changes in membrane stability may be

important in luteal regression.

The mechanisms whereby prostaglandins bring about these changes

in membrane structure are unknown. One possible candidate, however,

is phospholipase activity. This enzyme, associated with the

cellular membranes of many cells, is stimulated by prostaglandins,

leading to increased phospholipid turnover and possibly altered

membrane structure.

Whatever the cause of these alterations in membrane structure,

the effect they may exert on LP-stimulated adenylate cyclase

activity is presumably not mediated by a direct effect on the

spatial relationship between the LH receptor and adenylate cyclase;

in experiments with isolated cell membranes, no anti-LH effect of
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PHFw was observed (Behrman et al., 1979)

Tt has been suggested (Eehrman et al., 1985) that calcium ions

mediate the effects of PGF^ in the luteal cell. Treatment of

luteal cells with A23187, a Ca1* ionophore, caused a marked and

dose-related decrease in LH-stimulated cyclic AMP accumulation

(Dorflinger et al., 1984). This effect was completely dependent on

extracellular calcium. No effect of A23187 was seen on LH-receptor

binding activity, LH-sensitive adenylate cyclase activity or cAMP

degradation. These results are consistent with the hypothesis that

calcium inhibits LH-dependent responses in the luteal cell.

However, removal of extracellular calcium, or exposure of cells to

verapamil (a calcium channel blocker) had no effect on the action

of PGF^ (Gore and Behrman, 1984). Thus, an influx of extracellular
calcium is apparently not involved in the acute antigonadotrophic

effects of PGF^ • Mobilization of calcium from intracellular stores

such as the nucleus and mitochondria may well be involved, however.

Tt would appear that the inhibitory action of calcium on LH-

stimulated adenylate cyclase activity is on the GTP-binding protein,

which is necessary for activation of adenylate cyclase by LH

(Behrman et al., 1985), as the addition of GTP completely reverses

calcium inhibition of LH-sensitive adenylate cyclase activity. Tt

has therefore been suggested that calcium inhibits GTP binding to,

and/or LH-dependent release of GDP from, the GTP binding protein of

adenylate cyclase (Behrman et al., 1985).

1.5.5.2 Luteal Maintenance During Pregnancy.

Early pregnancy in the ewe requires the maintenance of luteal

function. The mechanism whereby luteal regression is prevented is
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poorly understood. Moor and Rowson (1966) demonstrated that the

embryo must be present In the uterus by day 13 to prevent

luteolysis. However, attachment of the trophoblast to the

endometrium does not occur until day 18 and interdigitation of

maternal and embryonic tissue is not observed until the fourth

week of gestation (Amoroso,1951). Thus the embryo apparently

prevents luteolysis 4 or 5 days before it attaches to the uterus.

One hypothesis is that the embryo reduces synthesis and/or

release of PGF^ from the endometrium. Thorburn et al. (1973) and

Rarcikowitz et al. (1974) reported lower levels of PGF2& in

utero-ovarian venous plasma of ewes in early pregnancy than during

luteolysis. However, other investigators have reported either no

difference (Pexton et al., 1975; Cerini et al.,1976; Nett et al.,

1976; Lewis et al., 1977) or higher levels of PGF^ during pregnancy

than on days 13 - 17 post oestrus (Wilson et al., 1972; Ellinwood

et al., 1979).

Inskeep et al. (1975) proposed that the secretion of a factor

during early pregnancy was responsible for the prevention of

luteolysis , and that this effect was exerted at the level of the

ovary. Studies using vascular anastomoses confirmed that a factor

produced by the gravid uterine horn prevents luteolysis at the

uterine level and that this effect is via a local venoarterial

pathway (Mapletoft et al., 1975; 1976).

Prostaglandin has been proposed as the luteotrophic factor

for a number of reasons. Tt is a potent vasodilator and could

therefore overcome any vasoconstrictive effects of POFlt*. (Bergstrom

et al., 1968; Hunham et al., 1974). PGFi stimulates progesterone

production in vitro (Marsh, 1971; Speroff and Ramwell, 1970).
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In vivo, infusion of PGE^ prevents the decrease In progesterone

secretion after treatment with PGF2«. (Henderson et al.,1977), while

intrauterine administration will prolong the oestrous cycle (Pratt et

al., 1977) and prevent both natural and induced luteal regression

(Magness et al., 1981). Finally, PGE^. secretion is greater from

the pregnant than the non-pregnant uterus on days 15 to 17 post

oestrus (Fllinwood et al., 1979; Silvia et al., 1984).
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CHAPTER 2

MATERIALS Am METHODS
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2.1 EXPERIMENTAL ANIMALS

The animals used in chapters 3, A and R were Pamline ewes purchased

from the flocks of the Animal Breeding Pesearch Organisation (ARRO)

farms at Blythbank and Skedsbush and held at ABRO Dryden Field Station,

Roslin, Midlothian. This breed was developed by ABRO and has a

mean ovulation rate of between 2.25 and 2.5. Their breeding season

lasts from the beginning of September until mid-April (based on

flock records at Skedsbush farm).

The experiments described in chapters 5 and 6 were performed on

Welsh Mountain ewes. These were purchased from flocks at the ABRO

Dryden Field Station, Roslin, where they were also held. This breed

has a mean ovulation rate of between 1 and 1.25 and the breeding

season extends from late October until early March.

The experiments detailed in chapter 7 were carried out on Scottish

Blackface ewes. These were from flocks of the Hill Farming Research

Organisation (HFRO), and were maintained at HFRO, Bush Estate,

Penicuik, Midlothian. Like Welsh Mountain ewes this is a hill

breed with a mean ovulation rate of between 1 and 1.25. Their

breeding season extends from September to March.

All animals studied during anoestrus had been kept unmated during

the previous breeding season to prevent the complication of

lactation.

tJhile blood samples were being taken at a frequency of twice

daily or less the Damline and Welsh Mountain ewes were at pasture.

Housing indoors during more intense periods of handling for these
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breeds, and from the start of the experiments with the Scottish

Blackface ewes, was largely in individual pens . "wes were here

offered a complete ruminant diet (A66 sheepnuts, from Bast of

Scotland College of Agriculture) twice daily and had ad

libitum access to water.

2.2 BLOOD SAMPLING

Blood samples on a twice daily or twice weekly basis were

withdrawn using 7ml heparinized vacutainers (Becton Dickinson UK

Ltd,Oxford). When samples were to he taken on a more frequent

basis, ewes were cannulated on the day before the onset of sampling

to allow time to recover from stress. The cannulae (Braunula, 14G,

Dunlop Veterinary Supplies, Dumfries) were placed in the jugular vein

and stitched securely to the neck with sutures through the skin. The

cannulae were then connected to 3-way taps (Vygon - V01, Vygon UK

Ltd) by 60cm manometer leads (Portex Ltd,Kent) and kept patent with

sterile saline (9g NaCl/1) containing heparin (20 TU/tnl; Weddel

Pharmaceuticals Ltd; London). Samples were then withdrawn using 5 or

10 ml plastic syringes (Plastipak) and immediately placed into 7 ml

glass tubes containing heparin (100 in/ml) and spun at l,000g for

20 minutes. The resulting plasma was aspirated into plastic vials

(5ml; Sardstedt), stoppered and stored at -20cC until assayed.

2.3 OESTRUS SYNCHRONIZATION

Tn experiments carried out during the breeding season it was

necessary to synchronize ovulation. This was achieved by the

insertion of progestagen-impregnated vaginal sponges (Chronogest,

Intervet Labs.Ltd., Cambridge). After 12 days these were removed,
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and ewes displayed oestrous behaviour within 48 hours.

2.4 COLLECT-TOM OF TTSSHE FOR IN VITRO STHPTES

With the exception of the Oamline ewes in chapters 4 and 8, all

material was collected at slaughter. The ewes were slaughtered by

electrocution at Oorgie slaughterhouse, Edinburgh, and the ovaries

removed within 15 minutes of death. They were then placed in M199

(Hepes buffered), placed on ice, and transported to the laboratory.

The ovaries were removed from the Damline ewes by laparotomy

under general anaesthesia.

On arrival at the laboratory, ovaries were trimmed of excess

tissue and weighed before the corpora lutea were dissected out.

These were then counted and weighed separately.

Each corpus luteum was then divided into three parts using a

sharp razor blade to minimize tissue damage. Each part was then

blotted and weighed separately to give some indication of the size

of any fluid filled core. One quarter of each corpus luteum

was placed in liquid nitrogen for subsequent receptor assays (see

later). Another quarter was placed in 3% glutaraldehyde and

processed for microscopy (see later).

The remaining half was carefully minced for in vitro incubation

studies. On a clean watchglass, placed over a petri dish of ice,

the piece of tissue to be minced was placed in 0.5ml M199. It was

carefully sliced to a thickness of ~1mm using a razor blade, then

each slice was minced with fresh razor blades. The mince was then

washed in 3 ml M199, resuspended in 2.5ml M199, then divided between

incubation tubes.
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2.5 TMCTTBATION OF EXPFFTMENTAL TTSSUF

Experimental tissue was minced, washed and suspended in 2.5ml

of M199 as described above. lOOpl of this suspension was then

placed in duplicate into the following tubes; M199 alone, 10 fold

dilutions of hCG from 100 to 10 ^ITJ/ml, and 10-fold dilutions from

3 to 3 X 10 mM dbcAMP, so that the final volume was 1ml. This was

carried out on ice until all the tissue was ready for incubation.

The tubes were then placed in a shaking waterbath at 37 '"C for two

hours. See appendix 1 for optimisation of incubation conditions.

At the end of the two hours the tubes were removed from the water

bath, centrifuged at 3000 rpm for 10 minutes at 4°C before the medium

was decanted into separate tubes. Minces and media were then frozen

separately until the mince could be homogenized and assayed for

protein, and the medium could be assayed for progesterone. All

progesterone production was expressed as jug/g protein.

For experiment 2 (Chapter 4) the above procedure was considered

impractical for the large number of corpora lutea to be studied (136

in all). Therefore, triplicate incubations were carried out with

either M199 alone, 10~l IU/ml hCG,or 3 X 10 1 mM dbcAMP.

2.6 ASSAYS

2.6.1. Chemical Assays.

DNA was measured in luteal tissue homogenates by the method of

Burton (1956), using calf thymus DMA as a standard. Protein was

measured by the Folin method (Lowry et al., 1951), using crystalline

bovine serum albumin as a standard.
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2.6.2. Radioimmunoassay of hormones

oLH

Plasma LP concentrations were measured in duplicate by a

radioimmunoassay based on that described by Martensz et al.

(1976) and modified as described by McNeilly et al. (1985). This

assay used a rabbit antiserum (R29) raised against ovine LH

(NIH-oLH-89) which showed minimal binding (^.10% at the final

12.6
dilution of 1:2,000) of I-labelled ovine FSH. First antibody was

used at a dilution of 1:120,000 and the reference standard used was

NTH-oLH-818. The lower limit of detection was 0.2ng/ml. Plasma

interference did not occur as assessed using plasma from

hypophysectomised sheep and goats supplied by Pr H. Buttle (The

Animal and Grassland Research Institute, Reading.). Cross-

reactions were 0.1% with ovine FSH (181-2, Or M. Jutisz, C.N.R.S.,

Gif-Sur-Vvette, France), ovine LP alpha subunit (MIAMDO,oLH alpha,

WRR-l-alpha), prolactin (NTAMPD-oPRL-15) and bovine TSH (Pierce).

The intra-assay coefficient of variation (c.o.v) for two quality

control plasmas was 4.9%. Mean inter-assay c.o.v for the two plasma

pools was 12.7%.

oFSH

Plasma RSH concentrations were measured in duplicate using the

assay described by McNeilly et al., (1976). The antibody (M94) was

used at an initial dilution of 1:2,000 and the reference standard was

NTH-FSP-S9 (NIAMDO, Rethesda, USA). The lower limit of detection of

the assay was 4ng/ml. Tntra-assay c.o.v for duplicates of 3 quality

control plasma pools was 4.7%. Mean inter-assay c.o.v for the 3 plasma
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pools was 11.5%.

Prolactin

Plasma prolactin concentrations were measured in duplicate

using the assay developed by McNeilly and Andrews (1974). The

antibody (R2532) was used at an initial dilution of 1:200,000 and the

reference standard was NIH-oPRL-S13. Mean inter-assay c.o.v for the

3 plasma pools was 11.5%.

Progesterone

All progesterone concentrations were measured in duplicate by

radioimmunoassay after extraction from the plasma. Individual

recoveries were measured for each extract as there was high

variability in recoveries. 10'cpm ^F-progesterone (in 20pl

phosphate gelatin buffered saline) was mixed with 200pl of sample

(75x15mm glass tubes) and allowed to equilibrate at room temperature

for 30 min.

Duplicate buffer and solvent blank tubes were included in

each assay to check for interference. 20 pi of recovery trace

(lO^cpm ^F-progesterone) was also added to 4 scintillation vials as

a measure of total counts added. To each of the sample tubes was

then added 2ml of freshly distilled petroleum ether which had

previously been passed through an aluminium oxide column to remove

peroxides. The tubes were then placed in a vortexer (SMI.model

2601) for 5 min. before being placed in a dry ice/ethanol bath to

freeze the aqueous layer. The progesterone-containing phase was

then decanted into fresh tubes (75x12mm glass) and dried down under

nitrogen in a dry-block at 50^0. Tubes were then allowed to cool
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before being reconstituted in 300pil of buffer overnight at room

temperature.

30ul buffer was added to each of the total count scintillation

vials, bringing their volume to 50<ul - the same volume as was used to

estimate recovery for each sample, and 3ml of scintillation fluid (PIA

LIJMA, LKB Instruments Ltd.) added. Percentage recovery of each sample

was then calculated and used to adjust subsequent progesterone

concentrations.

As culture medium does not interfere with the progesterone

assay, progesterone concentrations in incubation media were measured

directly without prior extraction.

The specific radioimmunoassay used for progesterone

determinations has been described previously (Djahanbakhch et al,

1981), with 1 ^T-labelled progesterone as tracer, pregn-4-ene-3,20

dione (Sigma Chemical Co. Ltd.,Poole,Dorset) as the standard, and

second antibody separation. The first antibody (S-361) was used

at an initial dilution of 1:12,000. The lower limit of detection

was O.lng/ml. Mean intra-assay c.o.v was 7.2% for 51 assays, while

the inter-assay c.o.v. was 10.9%.

2.6.3. Unoccupied LH Receptor

The specific binding of ['* I]—hCG to luteal tissue was used as

a measure of LH receptor concentrations. Triplicate aliquots of

the homogenate (0.2 - 3 ug DNA/tube) were incubated in a 1 ml system

containing 40mM Tris-acetate buffer, pH 6.5, 0.5% BSA and 100,000cpra of

F '-h>i j_hco at 20 C for 16-20h. Non-specific binding was assessed in

duplicate by the inclusion of 50 ITT hCC (Chorulon) per tube.

After incubation, tubes were chilled on ice and bound and free
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hormone were separated by polyethyleneglycol precipitation (Bramley et

al., 1985). [**!] associated with the pellet was counted at an

efficiency of 75% in a multtwell Nuclear Enterprises NE 1600 ^-counter.

The difference between total binding and binding in the presence of

excess cold hormone represented the specific binding. (,P\^ev\^A.y.

2.6.4. Bound LH (Occupied Receptors)

lOOpl aliquots of luteal homogenates were incubated on ice

with lOOpl of ice-cold 0.1M sodium citrate-citric acid buffer, pH

3.0 for 5 min. The pH was then restored to 7.4 by the addition of

175 ul of 1M Tris-HCl buffer, pH 7.5.

Tubes were then centrifuged at 15,000rpm for 15 minutes.

Supernatants were decanted and duplicate aliquots taken for double-

antibody radioimmunoassay of released LH (2.5.2).

2.7 PPOCESSING OF TISSUE AND MORPHOLOGICAL EXAMINATION

Samples of luteal tissue taken for morphological examination

(in the form of a wedge of tissue 20-25% of total corpus luteum)

were fixed by immersion in 2% glutaraldehyde in 0.1M cacodylate

buffer (pH 7.4) for 2h. After this period, a section of

approximately 2mm thickness was cut from each exposed surface of the

sample. These sections were then cut into blocks, and those blocks

placed in 5% glutaraldehyde in 0.1M cacodylate buffer for a further

2h.

After several rinses in cacodylate buffer (0.1M) the blocks

were post-fixed in osmium tetroxide (2%) for 2b at room temperature.

They were then rinsed again in cacodylate buffer, dehydrated in

alcohol, and finally embedded in epon araldite. Semi-thin sections



(lpm) were then cut and stained with 1% toluidene blue for

morphometric analysis.

2.7.1 Surface Area of Vasculature
. _ _

To estimate the luminal surface of vasculature per unit

volume of fixed tissue (Sv, mm2, / mm^), the number of intercepts

with the surface and a bar on a M42 (21 bar) grid (Weibel, 1979. pp.

376) were counted and the surface area calculated by the formula :

Sv = 2 x 1/L

where L was the true total length of the grid bars (mm) after taking

into account magnification factors (Weibel, 1979. formula 4.45)

The grid used was on an eye-piece graticule (L4062; Agar Aids).

The fields of vision to be sampled were selected by adjusting the

microscope out of focus, moving the stage along a predetermined

track, and then re-focusing the microscope.

2.7.2 Distribution of Cell Sizes

Using a Tektronics image analyser, all nucleated cells with a

diameter of XL5um within a grid square of known size were

measured. The image analyser system allowed the perimeters of cell

profiles to be traced and measured, and the area of that profile to

be calculated. Only cells whose nuclei were enclosed by the grid

square, or transected by the upper or left side of that square were

measured. Sampling areas from each section were selected as

described in 2.7.1.

Frequency distributions of cell size categories were then
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plotted as an Indication of cell size distribution. **ean cell

volume was also calculated from these measurements.

T,'T-H?AL CFT.L MTTbPKR

While measuring cell volumes it was possible to calculate the

number of luteal cells per unit volume of fixed tissue (Nv) using the

formula:

i'S , /vS
Nv = Na / V v

where Na was the number of cells measured and Vv was the volume

fraction of cells, i.e. the combined area of cells measured, divided

by the true area of section studied (i.e. combined area of all

grid sauares). The number of cells for the whole corpus luteum was

simply the product of this figure and the volume of the corpus luteum.

2.8 STATISTICS

Three statistical tests of significane were used routinely in
r

this study. "araraaters such as ovarian and luteal weight, in

vitro progesterone production, LW receptor and TWA concentrations,

cell numbers and cell size, were compared between groups using

student's t test (paired or unpaired, where appropriate). Ovulation
2

rates were compared using X test of significance. Hormone profiles

were compared using two way analysis of varience with repeated

measures, differences were considered significant when p ^0.05.
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CHAPTER 3

DEVELOPMENT OF THE CORPUS LIITEUM
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3.1. TWTROnrTCTTON

Tn order to establish suitable frames of reference for the study of

inadequate luteal function it was considered important to look first

at the development of normal corpora lutea using the same techniques

as would be used with inadequate corpora lutea.

The most comprehensive study of the ovine corpus luteum

throughout the oestrous cycle was performed by Diekman et

al. (1978). They reported a steady increase in CL weight, serum

and luteal progesterone concentrations, and LH receptor levels

until day 10. These values then remained elevated until day 14

but had declined markedly by day 16. There was a significant

correlation between the number of LH receptor sites and both luteal

and serum progesterone concentrations, however, luteal weight was

also significantly correlated to both these concentrations, and as

luteal progesterone was expressed on a per CL basis it is impossible

to determine whether increasing levels of LH receptors were

responsible for the observed increase in progesterone, or whether

this was simply a direct consequence of increased luteal

cell mass.

Another feature of development which may influence luteal

function is the level of vascularization of the corpus luteum. Up

until the point of follicle rupture the granulosa cells are in a

completely avascular environment. 8y day 4, corpora lutea possess a

"rich capillary plexus" (McClellan et al.,1975). However, blood flow

to the corpus luteum still continues to increase in a linear manner

until day 12, and then decreases over the period of luteal regression.
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The aim of this experiment was to study the normal development

of the ovine corpus luteum in terms of weight, progesterone

production both in vivo and in vitro, receptor levels, and

morphology to establish frames of reference for the study of

inadequate luteal function.

3.2. MATERIALS AMD METHODS

3.2.1 Animals

21 Damline ewes were synchronised by the withdrawal of

progesterone pessaries followed by prostaglandin injection on day 10

of the luteal phase (lOOjig Cloprostenol, i.m.). Ewes were then

tested for oestrus using a vasectomised ram, blood sampled twice

daily from oestrus, and ovariectomised on either day 3, day 6 or day

12 (n=7 on each day). Ovariectomy was performed by laparotomy under

Fluothane anaesthesia.

3.2.2 Handling of luteal tissue

At ovariectomy the ovaries were collected, trimmed of

excess tissue and weighed. The corpora lutea were then dissected

out, weighed separately and divided for incubations, receptor

measurements and morphology as described previously (2.4-2.7).

3.2.3 Assays

Plasma samples were assayed for progesterone, as were

incubation media and luteal homogenates. Luteal minces were assayed,

after incubation, for total protein. Occupied and unoccupied Til

receptors were also measured.
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3.2.4 Morphometry

Luteal cell number, cell size distribution and surface area

of vasculature were estimated as described in chapter 2 (2.7).

Cell number and size distribution were estimated for 2 fields of

view for each 1pm section, 2 sections per block, 4 blocks per corpus

luteum, and 5 corpora lutea per group. Surface area of vasculature

was estimated for 3 fields of view for each of the same number of

sections as above.

3.3. RKSTILTS

3.3.1. Plasma Progesterone Concentrations

Mean plasma progesterone concentrations for those animals

sampled until day 12. are shown in Fig. 3.1. Levels were basal at

oestrus, began to rise by day 3, and continued to rise to

concentrations of around 8 ng/ml by day 12. There were no

significant differences between groups at any stage.

3.3.2. Ovarian and Luteal Weights

Ovaries not bearing a CL showed no significant weight change

throughout the cycle (Table 3.1). However, those with a CL showed

a significant increase between days 3 (1.8 + O.lg), 6 (2.5 + 0.2)

and 12 (3.2 + C.2; p 0.05). Part of this increase can no doubt be

attributed to the increasing weight of the CL. However, when the

weight of those ovaries was calculated after subtraction of the

luteal weight, day 19 and day 6 ovaries were still significantly

heavier than day 3 ovaries (2.s + 1.2g; 2.1 + 0.2g; 1.6 + O.lg
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HAY COPPOPA UJTFA

(ng)

3 167 +15 a

6 47.1 +61 h

12 382 + 22 b

LPTRAL OVAPY

(f?)

1.SI + 0.14 a

2.40+0.21 b

3.16 + 0.10 a

r.PTPAr. ovapy
MINI'S C.L.(g)

1.63 +0.15 a

2.07 + 0.23 b

2.78 + 0.21 b

NOM-LHTFAL OVAPY

(R)

1 .32 + 0.18 a

1 .25 + 0.13 a

1.02 + 0.21 a

Table 2.1. "eights of corpora lutea and ovaries throughout the
luteal phase. Pata are means + s.e.m.. "alues within column with
different letters are significantly different (p K. 0.05).
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HAY r,llTYAL CYfd, nMA per CP CKLL VOFJIMF Smri-'aCY ARFA Civ
Mo (x in"b) (mg) (pm1 x lO""^) VASCVT.A H'RY (cm^ )

3 47.A + 8.5 a 0.60 +. n.00 a 6.24 + 2.31 a 54.03 + 12.01 a

6 6 5 .7 + 0.4 b 1.14 + 0.18 b 12 . 37 + 3 .2 5 b 203 . .37 + 0 .36 b

12 77.8 + 9.0 b 2.11 + 0.14 c 15.79 + 3.1? b 257.90 + 13.60 c

(p <0.05) (p<O.Ol) ( p < 0.02 ) (p<0.01)

Table 3.2. Structural composition of corpora lutea at three stages
of the luteal phase. Oata are means + s.e.m.. Values within columns
with different letters are significantly different at the level of
significance shown at the foot of each column.
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CTi
O

DAYFREEhCO BIND!NO (pg/pgDMA)
34.2+0.1a 620.4+l.Rb

1216.5+1.6b
BOUNDLH%OCCUPANCY (pg/pgDNA) 0.32+0.03a7.6 0.24+0.04a1.2 0.20+0.05a1.2
TOTALhCC BTNDINO (pg/0L) 3.12+0.56a 23.55+3.52b 35.24+3.16c
TOTALhoc BTNDTNC (fg/cell) 0.066+0.015a 0.353+0.072h 0.453+0.062h

Table3.3.Oonadotrophinbindingtocorporaluteaatthreestagesof thelutealphase.Dataaremeans+s.e.m..Valueswithincolumnswith differentlettersaresignificantlydifferent,(p40.05).
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Figure 3.1. Mean plasma progesterone concentrations of those
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respectively; p <. 0.05).

The corpora lutea themselves increased significantly in weight

between day 3 and day 6 , hut there was no change between days 6 and

12.

3.3.3. Structural Composition of the Corpus Luteum

The number of luteal cells (M5jam diameter) significantly

increased between days 3 and 6, hut not between 6 and 12 (Table

3.2). The total number of all cells however, as assessed by DNA

measurements, continued to increase throughout the luteal phase.

Corpora lutea at each of the three stages showed a normal

distribution of cell volumes (Fig 3.2). However, there was a

significant shift in the range of this distribution from day 3 (2.17-

9.98 x 10 um ) to day 6 (3.07 - 22.45 x 10 jum ; p<;0.05). The mean

volume was also significantly greater on day 6 than on day 3 (Table

3.2.) .

The surface area of vasculature showed a 4-fold increase from

day 3 (54.98 + 12.01cm ) to day (5 (203.87 + 9.86cm ; p < 0.01) and

a further significant increase from day 6 to day 12 (203.87 + 9.86

cm versus 257.80 + 13.69cm ). When surface area of vasculature was

expressed per mg of luteal tissue the value still increase from

days 3 to 6 (0.31 + 0.03 versus 0.48 + 0.04cm ; p(0.05) and from

day 6 to day l"? (0.48 + 0.04 versus 0.67 + 0.03cm ; p<0.05).

3.3.5. Receptors

There was a significant increase in free LH receptors and total T,H

receptors per cell between day 3 and 6, but no significant difference

existed in these levels between days 6 and 12 (Table 3.3). Occupancy
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Figure 3.2. Distribution of cell volumes in corpora lutea at 1

different stages of the luteal phase. The shaded area represents

those cells classified as small cells by Fitz et al.,1982.
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(expressed as a percentage of total receptors) fell dramatically between

days 3 and 6 (7.6% to 1.2%). Wowever, this was more a feature of

increasing free receptors, than of decreasing bound hormone as can be

seen from the similarity of occupied receptor concentrations at the

three times (Table 3.3).

3.3.6. In Vitro Progesterone Production

Basal progesterone production was significantly higher on day 3

than on days 6 and 12 (24.2 + 2.B versus 13.5 + 3.0 and 10.1

+ 4.2 pg / g protein; p(u. 05 , ["Fig . 3 . 3 ]) . There was no significant

difference between groups in maximum progesterone production in

response to hCO stimulation (43.1 + 6.2, 47.0 + 4.3 and 40.3 +

7.6 pg / g protein). Progesterone production in response to maximal

stimulation with dbcAMP showed significant increases throughout the

luteal phase (44.4 + 2.1, 53.5 + 3.2 and 60.4 + 2.6 pg / g

protein; p^0.05).

Although there was a clear difference in the hasal progesterone

production, the maximal responses and the sensitivity of the tissue

to hCO, as measured by FD^q appeared to be constant throughout the
luteal phase (Fig. 3.4).

3,4. DISCUSSION

In the study by Niswender et al. (1081) with Western Range ewes,

the weight of the corpora lutea increased until day 10 then remained

stable until day 14. Our results for Oamline ewes, however, suggest

that the corpus luteum has reached its maximum weight by day 6. Tt is

interesting to note that the increasing weight of the ovary bearing

the CL is not purely due to the weight of the CL itself. There was
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figure 3.4. Mean hT, dose-response curves for progesterone production

in vitro by tissue from three stages of the luteal phase.

A " naY 3; Q = May 6; Q =nay 12.

b7



a significant increase in the weight of the non-luteal tissue in

these ovaries which was not apparent in ovaries without a CL. This

increase must therefore he a response to some local factor, and not

purely the effect of circulating hormone concentrations. It may

represent the increased ovarian vasculature necessary to support the

corpus luteum.

the increase in the number of luteal cells from day 3 to day 6

is difficult to interpret. McClellan et al. (1975) reported division of

luteal cells until day 3, but no later. In this study mitotic figures

were observed on day 3 and 6, although it was difficult to establish the

cell types in which these were seen. A possible explanation for this

apparent increase in luteal cell number may be our definition of luteal

cells as those cells ^ 15pm diameter. Thus any true luteal cells

smaller than this limit on day 3 but growing above this size by day 6

would lead to an apparent increase in number. Likewise any hypertrophy

of non-luteal cells into this range would lead to an overestimate of

cell numbers. However, in a study of day 9 ovine CL where morphological

criteria were used to identify luteal cells, cell numbers were around
6

70x10 per CL (Hodgers et al.,1984); very close to our own estimate.

A recent study of luteal cell size distribution during the

luteal phase has indicated that not only is there an increase in mean

diameter of steroidogenic cells (stained for 3p-hydroxysteroid

dehydrogenase activity) but also that the number of such cells

increases (8chwall et al., 1986). This study was carried out on

populations of dissociated luteal cells however, and as we have

already mentioned, such cell populations are not necessarily

representative of the undissociated tissue.

As can he seen from our plot of cell volume (Fig. 3.2) there is a
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normal distribution of cell sizes on each day. As the corpora lutea

age, so the spread of cell volumes and the mean volume increase. 4s

was considered in chapter 1,the discussion over both the origin and

the role of small and large luteal cells has largely centred on

whether small luteal cells can differentiate into large cells, or

whether they are two fixed populations of separate origin. Clearly, on

day 3 there are many cells destined to be large luteal cells, which

are less than 22um diameter (taken to he the upper limit of small luteal

cells, Fitz et al., 1982). This proportion of small cells decreases from

day 3 to day 6 and day 6 to day 12 - suggesting that some small

cells grow into large cells. This highlights a major difficulty in

studying the cellular basis of luteal function. Fven though there is

good evidence to support the theory of two distinct populations of

luteal cells, there is no good evidence that they can be separated for

study purely on the basis of cell size (n'Shea et al., 1986).

The estimate of luminal surface area of vasculature presented

here is close to that obtained previously in mature CL from ewes of

unspecified breed (Fodgers et al., 1984). They reported a luminal

surface area of 52.3 + 4.1mm2"/mm mid-way between the present day 6

value (48mm"/nun*) and that observed on day 12 (67 mm^/mm^).
Previously, Poppler ultrasonics and radioactive microspheres have

been used to study blood flow in the luteal ovary and corpus luteum,

and have shown decreased blood flow to the CL during luteal

regression indicating a correlation between blood flow and cell

function (Niswender et al., 1976). the same study also reported a

high correlation between blood flow and [li,JT]-hCO binding. Thus, as

well as increasing the supply of substrates for steroidogenesis and

cellular metabolism, the increasing vascularity of the maturing CL
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may increase the availahility of LH to cellular receptors at a time

when plasma concentrations are falling (NTiswender et al., 1976), so

maintaining receptor occupancy at elevated levels.

~here was no difference in sensitivity to hCO in vitro between

groups, as evidenced by the BO-q • However, some differential

sensitivity may be conveyed in vivo by the various stages of

vascularization, The higher levels of basal progesterone production

seen on day 3 were probably due to the elevated concentrations of

endogenously bound LH at this stage (see below). The increasing

response to dbcAMP indicates that the development of steroidogenic

apparatus other than LH receptors continues throughout the luteal

phase.

Because of the negative feedback effects of progesterone on LH

secretion (see Chapter 1) highest concentrations of progesterone

coincide with very low progesterone production. This introduces an

interesting paradox. It has been shown that luteal development and

progesterone secretion is dependent on LH (Homanski et al., 1967;

Kaltenbach at al., 1968; Fuller and Hansel, 1970; Karsch et al., 1971),

and yet at the very time when this development and steroidogenesis is

occurring, the LH concentrations in plasma are decreasing (Niswender

et al., 1981). The results reported here would confirm previous

reports (Hiekman et al., 1978) that this problem may be overcome by

increasing levels of LH receptor. Hiekman et al. (1978) reported an

8-fold increase in total LH receptors per cell between day 2 and day 6

and a 30-fold increase between day 2 and day 10.

If the data here are expressed on a per CT, basis our results show

a close agreement (3.12 pg/CL on day 3, 23.85 pg/CL on day 6

and 35.24 pg/CL on day 12; an 11-fold increase in receptor levels
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overall; p 0.05). If we assume that those cells present with a

diameter oF^.15um are the true luteal cells, and calculate LH receptor

levels on a per luteal cell hasis we see a significant increase in

levels from day 3 to day 6 (8.32 + 0.76 v's 31.05 + 3.27

fg/luteal cell rp(.0.01]), and a further increase by day 12 which failed

to reach significance (2)7-53 i /»* 6 ? fg/luteal cell). Thus, it seems

clear that over the period from day 3 to day 6 (and probably 6 to 12),

luteal cell LH receptor concentrations increase, so maintaining the same

levels of occupied receptors in spite of a marked decline in the

concentration of LH in plasma. It should be noted, however, that this

change in total T,F receptor does not affect the sensitivity of the luteal

tissue to hCG, as measured by LL><q (3.3.6).
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4.1 TNTROniTCTTOW

Prolific ewes such as Finnish Landrace have been shown to have

higher plasma progesterone concentrations during the luteal phase

than less prolific breeds (Quirke et al., 1979). However, each

successive increment in ovulation rate was accompanied by a

disproportionately small increase in progesterone concentration.

Booroola Merino ewes, however, show plasma progesterone concentrations

which do not increase with increasing ovulation rate (Bindon et al.,

1981); an observation which might be explained by reduced weights of

individual corpora lutea. In a comparison of normal and superovulated

corpora lutea in Western Range ewes, McClellan et al. (1975) found no

differences in early morphological development. However, the observed

elevation in plasma progesterone concentrations was again

disproportionately small considering the increase in ovulation rate

(R'neridan et al.,1975).

These observations taken together suggest that ovulation rate

can have a major influence on the function of the ovine corpus luteum.

In collaboration with .Jacqueline Wallace, the effect of ovulation

rate on luteal function was studied. This experiment utilized treatment

of ewes with bovine follicular fluid (BFF; a rich source of inhibin)

during the luteal phase. When BFF treatment was stopped at the same

time as luteolysis was induced (by PG injection) the resultant increase

in FSH concentrations caused superovulation. However, it was first

necessary to determine whether the experimental treatments per se

had any effect on luteal function.

The objectives of this study were 2-fold:
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1) To determine whether superovulat ion in the ewe resulted in

altered luteal function.

2) T0 determine the physiological basis for any such alteration.

4.2 MATERIALS AMD METHODS

4.2.1 Experimental Design

Forty Oamline ewes were allocated to 4 groups of 10 so that

weights were equivalent between groups at the start of the study.

The experimental design is summarized in Fig 4.1. Group FF10 were

given qml of BFF i.v. at 9.00 and 17.00h on days 1-10 of the

treatment cycle (after oestrus synchronization). For the first 4

days of the cycle, group FF6 received 9ml of charcoal-stripped bovine

serum (control fluid) twice daily, followed by BFF twice daily for

the next 6 days. Group fvj received bovine serum for 8 days

followed by BFF for 2 days, while group C received twice daily

injections of control fluid for the entire 10 days. On day 11 of the

treatment cycle luteolysis was induced using cloprostenol (see B.2).

Behavioural oestrus was then assessed at 12h intervals using a

ram. At the first recorded incident of oestrous behaviour all ewes

were hand-mated with a fertile ram, this being repeated 12 hours

later using a different ram.

Blood samples were collected every 2 or 3 days from oestrus

until day 20 or 21 and subsequently assayed for progesterone.

4.2.2. In Vitro Studies

All pregnant ewes were slaughtered between days 31 and 34 of

gestation, and the intact gravid uterus and ovaries removed. The

75



position, number and macroscopic appearance of the foetuses were

recorded by J. Wallace, the ovaries were transported, on ice, to

the laboratory where the corpora lutea were excised and weighed.

Individually weighed portions of each corpus luteum were then

taken for histology, receptor studies and in vitro incubation.

Minced luteal tissue was incubated for 2h at 37°C in either

"1133 alone or with 0.1 TIT / ml hf!0 or 0.3mM dbcAMP.

4.2.3 Assays

Plasma samples were assayed for progesterone (by J. Wallace).

Incubation media and aliquots of luteal homogenates were assayed

for progesterone as described previously. Specific hCG binding

was also measured. Incubated tissue minces were assayed for total

protein.

4.3 RESULTS

In order to evaluate any possible effect of treatment per se,

rather than ovulation rate, parameters were first compared between

treatment groups. Figure 4.2 shows the effect of treatments on

ovulation rate. Only group FF10 showed any significant increase in

ovulation rate. The mean luteal weights for the four treatment

groups are shown in "Lg 4.3. Again only group FF10 was

significantly different from controls. When corpora lutea from ewes

from the same ovulation rate were compared between the groups,

there were no significant differences in luteal weight, PNA content,

hCO binding, or in vitro steroidogenesis; either basal or

stimulated (Tables 4.1 and 4.2). Thus treatment effects other than

those mediated through ovulation rate were discounted.
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Control bFF 2 bFF ft

Luteal weight (mg) 331 + 12 318 + 17 327 + 9

DMA content (yug/CT.) 730 + 15 746 + 21 723 + 10

hCO binding (pg/pg ONA) 03+6 111 + 14 102 + 0

Basal progesterone 15.0+ 3.2 11.8+2.9 14.4+2.2
production (jug/g protein)

hCO stimulated progesterone 44.7 + 3.2 50.3 + 6.1 49.4 + 1.8
production (jig/g protein)

dbcAMP stimulated 52.1+3.3 47.4+6.8 54.3+4.1
progesterone production
(;ig/g protein)

"Table 4.1 Comparison of various parameters between different groups
of ewes with an ovulation rate of 3. Values are mean + s.e.m.
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bFF 2 bFF 6 bFF 10

Luteal weight (mg) 307 + 9 29 5 + 14 301 + 11

DMA content (pg/CL) 625 + 21 641 + 16 613 + 15

hCG binding (pg/pg TINA) 99 + ft 108 + 11 111 + 13

Basal progesterone
production (pg/g protein)

13.1 + 2.3 15.ft + 2.7 11.9 + 6.4

hCG stimulated progesterone
production (pg/g protein)

47.5 + 4.3 41.6 + 7.4 49.9 + 8.3

dbcAMP stimulated
progesterone production

4ft. 2 + 2.9 50.1 + 3.3 50.4 + 6.7

(pg/g protein)

Table 4.2 Comparison of various parameters between different groups
of ewes with an ovulation rate of 4. Values are mean + s.e.m.
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luteal weight (e) (e) (g)

(A) OVULATION RATE -0.68 ns ns ns

(B ) DMA / CL n .73 ns ns ns

(C) hCO RINDING 0.46 0.66 0.51 0.87
(pg / CL)

(D) hCO BINDING ns 0.62 0.57 0.94
(pg / pg DNA)

(E) INITIAL PROGESTERONE ns 0.60 0.62
CONTENT (pg/g protein)

(E) BASAL PROGESTERONE ns 0.60 0.60
PRODUCTION (pg/g protein)

(G) hCG STIMULATED ns 0.62 0.60
PROGESTERONE PRODUCTION

(pg / g protein)

Table 4.3. Correlations between ovulation rate, luteal weight, hCO
binding, initial progesterone content and progesterone production
under basal and hOG stimulated conditions in vitro, p 0.001 for
all shown.
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PARAMETER CORRELATION
COEFFICIENT

WEIGHT 0,.70
hCG BIHnTMG 0..53
DMA CONSENT 0..75
PROGESTERONE CONTENT 0..64
BASAL PROG. PPODN. 0,.50
hCG STIM. PROG. PRODN. 0..6?

Table 4.4. Correlation between parameters for
individual corpora lutea and the means of the
remaining corpora lutea per ewe. All p < 0.001.
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TREATMENT

Figure 4.2. Ovulation rate of ewes in 4 treatment groups. Oata

are means + s.e.m.. (* = significantly different from controls [0]

at p ^ 0.05)
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Figure 4.1. Mean weight of corpora lutea from the four

experimental groups. Fata are means + s.e.m..

(* = significantly different from controls ]p 0.05])
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DAY

Figure 4.4. plasma progesterone concentrations of those ewes

with 2 or 3 corpora lutea and those with 4 or more. Data are

means + s.e.m..
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Ovulation rate

Figure 4.5. Mean weight of corpora lutea from ewes with

differing ovulation rates. Fata are means + s.e.tn..

columns with no letters in common significantly different

(p < 0.05).
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luteal weight (mg)

Figure 4.6. Weight of individual corpora lutea versus the

mean weight of the remaining corpora lutea
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Ovulation rate

Figure 4.7. PNA content per C.L. of corpora lutea from

ewes with differing ovulation rates. Data are means + s.e.m..

Columns with no letters in common significantly different

(p < 0.05).

86



hCG binding (pg/ug DNA)

Figure 4.F. Correlation between specific bCC binding

and progesterone production in response to hCG stimulation

in vitro.

87 o



There was a significant decrease i.a lean luteal weight with

increasing ovulation rate (Fig 4.5; Table 4.5). However, total

luteal weight per ewe increased significantly with increasing

ovulation rate. Luteal weights within the same ovary were very

similar, irrespective of ovulation rate, as can be seen from the

plot of luteal weights against mean weights of remaining CL per

ovary (Fig 4.6).

DNA concentrations per CL also decreased with increasing

ovulation rate (Fig 4.7). Respite the decrease in luteal weight

and DNA content with increasing ovulation rate and a significant

correlation between luteal weight and hCG binding per CL, there

was no such trend in specific hCG binding per ^ig DNA (Table 4.3).
The closest correlation, however, was shown between specific

hCG binding and progesterone production in the presence of hCG

(r = 0.94; p < 0.001 [Fig 4.8]).

These and the remaining correlations are shown in Table 4.3

4.4 DISCUSSION

It is clear that, in this study, superovulatIon led to no

significant increase in plasma progesterone concentrations (Fig.

4.4). This situation would thus appear to be similar to that

reported for the Booroola Merino ewe (Bindon et al., lq81). This study

also suggests that the lack of proportional increase in plasma

progesterone concentrations may be due in part to decreased size of

individual CL.

The observed decrease in luteal weight is due, at least in part,

to decreased cell number as demonstrated by DMA content. As we
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have already seen there Is some proliferation of non-steroidogenic

cells of the developing corpus luteum (Chapter 3), so the possibility
r

exists that this proliferation is diminished by increasing ovualtion

rates, however, the study reported by McClellan et al. (1975) found

no such decrease in cell proliferation.

A more acceptable explanation for the decrease in luteal

weight is the ovulation of smaller follicles. As the number of

healthy antral follicles increases under the influence of elevated

FSH concentrations, so the sum of oestradiol concentrations produced

by the follicles will increase, leading to earlier ovulation of

smaller follicles. However, no difference was seen between groups

in time from luteolysis to onset of behavioural oestrus, nor were

there any differences in this duration for differing ovulation

rates, although individual variation was very high.

The similarity of corpora lutea within the same ovary (Fig. 4.6;

Table 4.4) would lend support to the theory that FSH is exerting

its superovulatory effects by increasing the number of follicles

reaching a given date of maturity, and not by making follicles of

widely differing stages capable of ovulating. Thus, the suppressed

FSH levels during the luteal phase of the treatment cycle have held

follicular development at a stage from which synchronous growth can

occur in response to the elevated "rebound" FSH concentrations.

This similarity between corpora lutea from the same ovary

contrasts markedly to the situation in the pig (Rao and Fdgerton,

1984) where there was wide variation in luteal size and receptor

levels, presumably as a result of ovulation of follicles at various

stages of maturity.

The lack of proportional increases in plasma progesterone
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concentrations with increased ovulation rate may he due in part to

the decreased size of the Individual CI,. This explanation is,

however, plainly inadequate, as the total luteal mass per ovary was

highly correlated to ovulation rate. Thus, an ovary containing 5

CI, had 4 times as much luteal tissue as an ovary containing 1 C.L,

and yet progesterone production in vivo, as assessed by plasma

concentrations, was not significantly higher.

There are two possible explanations for this "turning down "of

progesterone production. Firstly, luteotrophic support may be

decreased by the enhanced negative feedback effects of elevated

progesterone on LH release from the pituitary. Alternatively,

increased ovulation rate per se, by virtue of the preceding

differences in the follicular phase (see above), may result in

modified luteal function such that basal progesterone production or

responsiveness to LH expressed per mg luteal weight may be

diminished.

The latter alternative receives no support from the present

study. As can be seen from the results on Table 4.3, there was no

significant correlation between ovulation rate and LH receptor

concentrations (per pg TWA), initial progesterone content or in

vitro production in response to hCG or dbcANP (per g protein).

Neither was there any correlation between luteal weight and these

same parameters. Thus, luteal tissues with widely differing

levels of progesterone production in vivo cannot be

distinguished in vitro in terms of either LH receptors or

progesterone production.

The obvious conclusions from these observations is that the

differences in vivo are the result of differing levels of
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gonadotrophic support, probably in turn due to enhanced negative

feedback effects of progesterone. This study, however, provides no

direct evidence for this hypothesis. Such evidence could best be

obtained by perturbing the feedback system; for example by removing

tbe majority of the corpora lutea from a ewe with several CL and

examining tbe response in terms of LH and progesterone

concentrations.

This study also provided the opportunity to study a large

number of corpora lutea with a wide range of concentrations

of LH receptors. It is interesting to note that this has yielded a

very strong positive correlation between receptor concentration and

progesterone production in response to hCG in vitro. Thus, despite

the observation that only a small proportion of the total LH

receptor population need be occupied to ellicit maximal progesterone

production (Diekman et al., 1978), total receptor concentration was a

good index of responsiveness to LH.
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CHAPTER. 5

INDUCTION' OF OVULATION niTRINO

SEASONAL ANOESTRUS AND STTRSEOUENT

LUTEAL FUNCTION IN VIVO
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5.1 TM^PnnnCTTOM

The absence of cyclical ovarian activity rluring seasonal

anoestrus has been attributed to a reduction in LH secretion

secondary to an inhibition of the activity of the hypothalamic

neurones responsible for the secretion of OnPH (Karsch et al.,1980).

Follicular development and ovulation can be induced in anoestrous

ewes by the administration of exogenous GnRH or LH. However, in

most published studies, ovulation only occurs in a proportion of the

ewes treated and is followed by a high incidence of short or

inadequate luteal phases (Crighton et al., 1973, 1975; Shareha

et al., 1976; McMeilly and Land, 1979).

Pretreatment with progesterone has been reported to increase

the incidence of normal cycles, although the mechanisms underlying

this treatment remain unknown. Progesterone pretreatment has been

shown to delay the onset of the LH surge, leading to the suggestion

that it may prolong the period of follicular development prior to

ovulation, so enabling follicular maturation to proceed, resulting

in adequate luteal function (McLeod et al., 1983b).

In this study, four different regimes for the induction of

ovulation in ITelsh Mountain ewes, a breed known to experience a

prolonged and profound suppression of ovarian activity during

anoestrus ("deep" anoestrus), were investigated. Incidence of

ovulation and the function of the resulting corpora lutea in

vivo have been compared between treatments and with those

occurring during the breeding season.

5.2. MATERIALS AND METHODS
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5.2.1. Animals.

(57 Welsh Mountain ewes were maintained indoors under natural

lighting conditions at the A.B.R.O. nryden Field Laboratory. All

were of proven reproductive history, but had been kept unmated

over the winter preceding study.

5.2.2. Study Design.

This study was performed in three parts (Fig. 5.1)

1. In June 1984, 27 ewes were weighed, ranked and allocated

to 2. groups so that weights were equivalent between treatments

at the start of the study.

Croup 1 (n=13) received 250ng GnRH (FRF Ayerst,Ayerst

Labs-Ltd) every 2.h for 4Bh following a 12 day pretreatment with

progesterone. Fach ewe received 3 progesterone implants (Sil-

Estrus; Abbott Labs, Athens, Greece) containing 375mg

progesterone in a silicone elastomer matrix. The implants were

situated subcutaneously in the axilla region and removed

immediately after the second GnRH injection. Group 2 received

no progesterone, but the same regime of GnRH treatment as group

1 (WcLeod et al., 1982 b)

All injections were given in 2ml sterile saline ( 9g

MaCl / 1 ) via an in-dwelling jugular vein catheter.

2. Tn March 1985, 14 ewes (group 3) were synchronized using

"Tntervet" progestagen pessaries, ^wes were left untreated on the

first cycle then, following detection of oestrus of the second cycle,

venous blood samples were taken twice daily until slaughter on
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day 4 or 12 (<Testrus=riay 0). Oestrus was detected using a

vasectomised ram.

3. Tn June 1985, 28 ewes were weighed, ranked and allocated to 2

groups so that weights were equivalent between groups at the

start of treatment.

Group 4 were progestagen-treated for 7 days (Tntervet

pessaries), and then received injections of 250ng Gn"F for 72h

at increasing frequencies: every 3h for 24h, every 2h for 24h,

and finally every hour for a further 24h.

Group 5 received no progesterone hut were given 3 injections

of 30jig GnBF at 90 min. intervals.

Again, all injections were given in 2ml sterile saline via an

in-dwelling jugular vein catheter.

5.2.3. Blood Sampling

Groups 1,2,4,and 5 were sampled every 15 min. for 12 hours before

the treatment was started. Groups 1 and 2 were sampled every 2 hours

throughout the 48 hours of injections, and every 4 hours for a further

48 hours. Tn addition, there was a 6 hour period of sampling at 15 min

intervals, 6 hours after the start of injections. The ewes were then

sampled twice daily until slaughter on days 4 or 12 post-ovulation

(timings taken from LF surge).

Group 3 were sampled twice daily until slaughter on days 4 or 12.

Group 4 were sampled before each injection of Gn?w (i.e. with

increasing frequency for 72 hours), every 4 hours for a subsequent 24

hours and then twice daily until slaughter on either day 4 or 12. Tn

addition there was a 6 hour period of sampling at 15 min. intervals
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from the start of the two-hourly injections.

Croup 5 were sampled before each injection, then every 2 hours

for a further 24 hours and finally twice daily until slaughter.

Croups 2,4 and 5 were also subjected to a period of blood

sampling at 15 minute intervals for 4 hours on days 3 and 11. After

the first hour of this period each ewe was given 10 ug oLH i.v. to

test the in vivo response to a physiological dose of LH.

All blood samples at intervals of 4 hours or less were of a standard

3ml volume, and were taken via an indwelling jugular vein catheter.

Twice daily samples of 7ml were collected by jugular venepuncture.

5.2.4. Definitions.

Luteal function was classed as inadequate if plasma progesterone

concentrations did not exceed lng/ml for at least 2 consecutive days.

An elevation in plasma LH concentrations was classed as a pulse

if the value of two consecutive samples was greater than the mean of

the previous two samples, and the value of at least one of the

peak samples exceeded the mean basal value by more than 3 times the

coefficient of variation of the assay (Backstrora et al., 19R2).

Onset of the preovulatory LH surge was considered to have

occurred when plasma LH concentrations exceeded 15ng/ml.

5.3 HF.STTLTS

5.3.1. Ovulation and Luteal function.

The proportion of ewes in each group ovulating in response to
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Days from LH surge / oestrus

Figure A.2. Mean plasma progesterone concentrations

throughout the luteal phase of the 5 experimental groups.
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treatment are shown in Table 5.1. They ranged from 5/15 to 10/12,

although there were no statistically significant differences between

groups.

None of the ovulations from groups 1,2 or 5 but all from groups

5 and 4 resulted in adequate luteal function (Table 5.1).The plasma

progesterone concentrations of those ewes which ovulated and which

were followed until day 12 are shown in Fig 5.2. The only groups

showing normal luteal function are group 3 (breeding season), and

group 4, which were treated with OnRF injections at increasing

frequency for 72h. All the ewes which ovulated in the remaining

groups showed inadequate luteal phases. Mean progesterone

concentrations for groups 1, 2, and 5 showed no significant

differences between treatments.

Two distinct types of inadequate luteal phase were observed;

those in which the luteal weight and progesterone production were

maintained until day 12, and those in which progesterone production

declined and the corpora lutea regressed prematurely (Fig 5.3).

Those two populations were equally common in the three treatment

groups (1,2 and 5) with inadequate luteal function.

5.3.2. Progesterone Concentrations to IW stimulation.

When groups 3, 4 and 5 were treated with lOug oLH i.v., the

pulse of LW in the plasma was similar between groups; mean amplitude

3.3 + 0.7 ng / ml. During the breeding season (Fig 5.4, top panel)

this pulse was followed by a significant elevation in plasma

progesterone concentrations. This elevation was approximately 10-

fold greater in amplitude on day 11 than on day 3, but the

percentage increase was similar (60%). Mean progesterone
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Croup Proportion Time from duration of Maximum % Adequate
ovulating start of OnRH LH surge (h) concentration luteal

to start of of LH (ng/ml) phases.
LH surge (h)

5/13 37.2 ± 3.0 16.6+2.3 151.4 ±16.7 0
a d f

9/14 22.0+8.5 14.1+3.7 143.7+19.3 0
b d f

13/13 50.0+7.7 15.4+2.9 137.0+20.0 100
c d f

10/12 52.0+3.9 13.3+4.2 176.2+22.5 100
c d f

9/13 7.8+2.1 95.4+8.9 0
e g

Table 5.1. Proportion of ewes ovulating, characteristics of the LH surges,
and % of ewes showing adequate luteal phases in each group, (Mean + s.e.m.).
Values in the same column with the different letters are significantly
different (p ^ 0.05).
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nay Croup Before After

3 3 0.15+0.02 0.26 + 0.03 *

3 4 0.17 + 0.03 0.23 + 0.04 *

3 5 0.16 + 0.03 0.18 + 0.04 n.s.

11 3 1.48+0.16 2.18 + 0.31 *

11 4 1.42 + 0.21 2.23 + 0.41 *

11 5 0.17 + 0.08 0.21 + 0.09 n.s.

Table 5.2. Mean plasma progesterone concentrations for
the hour before and the hour after the LM injection, nata
are mean + s.e.m.. *= p < 0.05; n.s.=not significantly
different.
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concentrations for the hour before and the hour after the LF

injection are shown in Table 5.2.

^wes in group 4 showed a similar response to LF as those in the

breeding season, with the rise in progesterone concentration

following LF being higher on day 11 than on day 3 (Fig. 3.4, middle

panel). In contrast there was no response to an LF pulse in the

ewes of group 5, either on day 3, or in the 4 ewes in which the

corpus luteum was still present, on day 11 (Fig. 5.4, bottom panel).

A number of ewes exhibited spontaneous LF pulses during the 4h

sampling period. When these occurred in animals with adequate luteal

phases, a progesterone response occurred (^ig. 5.5). No such

response was observed in ewes with inadequate luteal phases (Fig.

5.6).

5.3.3. LF Concentrations.

There were no significant differences in basal LF

concentrations (1.3 + 0.2ng/ml), pulse frequency (1.7 + 0.5

pulses/12b) or pulse amplitude (10.7 + 2.3ng/ml) between groups

before the start of treatment.

Fach injection of 250ng OnRF induced a pulse of LF between 4.2

and 10.9 ng/ml. mhere were no significant differences between groups

in LF pulse amplitude in response to 2-hourly OnRF injections

(Fig. 5.7), or in the LF surge, characteristics of which are shown in

Table 5.1. There were no observed differences in these characteristics

between those animals which ovulated and those which did not. Mean

maximum LF concentrations during these surges were similar in all

groups except group 5 which was significantly lower (95.4 ng/ml; p<0.05).

The mean duration of the LF surge was also similar in all groups except
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Figure 5.5. Individual plasma progesterone concentrations in

response to exogenous oLH injections, and following spontaneous LH

pulses on days 3 and 11 for two ewes with adequate corpora lutea.
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Figure S.6. Individual plasma progesterone concentrations In

response to exogenous oLW Injections, and following spontaneous LH

pulses on days 3 and 11 for two ewes with inadequate corpora lutea.
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Figure 5.7. Plasma LP concentrations in response to injections of

QnRF (250 ng) at 2 hourly intervals during anoestrus. Fach

injection was followed by a pulse of LP. There was no difference in

mean pulse amlitude between between groups. Fata are means + s.e.m..
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group 5.

However, there were significant differences in the time from

the onset of OnRH treatment to the start of the LH surge (77.2

+ 7.03 h, 22.0 + 3.52 h, and 52.0 + 8.0 h for groups 1, 2

and 4, and 1.5 for group 5).

5.3.4. FSH Concentrations.

Over the 12h sampling period before the start of treatment, the

mean FSH concentration was 58 + 7ng/ml, with no significant

differences between treatment groups. There was an elevation in FSH

concentrations in all ewes coincident with the LH surge (mean peak

concentration of FSH, 83+9 ng/ml, with no significant differences

between groups).

5.3.5. Prolactin Concentrations.

The mean prolactin concentration, measured twice daily

throughout the luteal phase, was 118 + 27 ng/ml, and was not

significantly different between treatment groups. However,

significantly lower mean plasma prolactin concentrations were

observed in those luteal phases which were short-lived (Fig.5.3)

compared with those which survived until day 12 (112 + 8 and

134 + 4 ng/ml respectively; p < 0.02), irrespective of treatment

group.

5.4 DISCUSSION

Previous observations in other breeds have shown that large

bolus injections of OnRH (Crighton et al., 1973; 1975; McNeilly
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and Land, 1979; McNeilly et al., lQ81) and small dose multiple

Injections of CnRF every 2 hours for 48 hours (Crighton et al.,

1975 , McLeod et al., 1982a,b) are capable of Inducing ovulation

in a proportion of ewes during seasonal anoestrus but that the

resulting corpora lutea produce less progesterone than those of

the normal luteal phase of the cycle, the results of our study

confirm these observations, for Welsh Mountain ewes.

The failure to induce adequate luteal phases has been

attributed to the lack of suitable priming of the follicles with

gonadotrophins (McNeilly et al., 1982; Pierce et al., 1985). Thus for

normal luteal function to occur, certain changes, such as increased

LH receptor numbers (Hunter et al., 1985) must be induced within the

follicle prior to ovulation.

Studies with other breeds of sheep have indicated that

pretreatment with progesterone significantly increases the incidence

of normal luteal function in response to pulsatile GnPH

administration. There is still uncertainty as to whether this

is a direct effect of progesterone on the follicles, or the result

of the delay in the LH surge allowing more time for follicles to be

exposed to elevated LH concentrations before ovulation.

However progesterone-priming acts in other breeds, our present

results suggest that it is insufficient to allow the induction of

adequate luteal phases during anoestrus in Welsh Mountain ewes,

thus, no adequate luteal phases were observed in group 1, yet they

were exposed to progesterone for 12 days.

the onset of the T,H surge was significantly delayed in this

group compared with group 2 (Table 5.1). However, the time from the

start of G-nHH treatment to the onset of the surge was still
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significantly shorter than for group 1 and 4. Civen that 12 days

progesterone treatment was insufficient for adequate luteal function

in group 1, it seems unlikely that the seven days progesterone pre-

treatment alone was responsible for the high incidence of adequate

luteal function in group 4. Although a direct effect of progesterone

on the follicles cannot be ruled out, these observations support the

view that a critical period of gonadotrophic priming is required by

the follicle before it is capable of forming an adequate corpus

luteum. The length of this period may vary with breed and latitude.

For breeds with "deeper" anoestrus, or ewes housed further north,

and so exposed to a more inhibitory photoperiod, the follicles may

be at a less well developed stage, and so require a more prolonged

period of gonadotrophic stimulation to produce adequate corpora

lutea. this may explain the difference in response of groups 1

and 2 in this study with those reported by McLeod et al. (1982b) for

Clunn Forrest ewes. The 12 hours delay in ovulation induced by

progesterone pre-treatment, whilst being sufficient for Clunn

Forrest ewes in Nottingham, was not sufficient for Welsh Mountain

ewes in Fdinburgh. However, when the period of gonadotrophic

stimulation before ovulation was further increased (by reducing

the frequency of pulses for the first 24 hours) all resulting

corpora lutea were adequate. The length of time of gonadotrophic

stimulation is not the only critical determinant of subsequent

luteal function; there have been reports that progesterone can

exert its effect even without a delay in onset of the LH surge

(McLeod and Faresign, 1984). r>robably both progesterone priming

and a delayed LH surge contribute to follicular development, and

their relative abilities to promote follicular maturation to the
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point where adequate luteal function results depends on breed

and depth of anoestrus.

Contrary to the results of Foster and Crighton (1974), the

amount of LH released during the surge does not appear to be a

determinant of luteal function; groups 1-4 showed very similar

surge lengths and concentrations, and yet produced the full range of

luteal function. Ovulation with adequate luteal function in the

presence of high levels of prolactin supports previous reports that

prolactin is not prohibitive to ovulation during anoestrus

(McNeilly and Land, 1979). Furthermore, the observation that higher

mean prolactin levels were associated with longer-lived corpora lutea

lends strong circumstantial evidence in support of either a

luteotrophic or antiluteolytic role for this hormone in the ewe.

Prolactin alone can maintain luteal activity following

hypophysectomy (Penamur et al., 1973). Normal luteal function was

maintained after pituitary section on day 3 of the luteal phase in

sheep (benamur et al., 1973) even though plasma concentrations of

LP were undetectable. Prolactin concentrations were normal or

higher than normal under these conditions (Kann and benamur, 1974).

Schroff and colleagues (1971) found that LH infusions were only

capable of maintaining luteal function in hypophysectomised ewes

in the presence of high levels of prolactin.

The premature regression of inadequate corpora lutea has been

shown to be under the influence of the uterus, presumably via POFio<

(Southee et al., 1995), suggesting that inadequate corpora lutea are

more sensitive to low doses of pGFg^. The association of higher

prolactin concentrations with extended function of inadequate

corpora lutea thus suggests a possible antiluteolytic role for
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prolactin. Studies i.n the rat have shown that prolactin

administered prior to PGF^X is partially antiluteolyt tc.

Prolactin prevents the PGFjy,-induced decline in LB receptors on

the corpus luteum and slows but does not prevent the decline in

serum progesterone associated with luteolysis (Behrman et al., 1978).

Prolactin also partially inhibited POFi£.-induced termination of

pregnancy in the rat (Bokena and Law,1978). More recently,

prolactin has also been shown to prevent the PGF^ -induced liquid-

crystalline to gel phase change in rat luteal cell membranes (Buhr

et al., 1983). Certainly, increased levels of prolactin do not

prevent luteolysis induced by high levels of PGF^ in the sheep

(McNeilly and Baird, 1983), though this does not rule out a

protective effect of elevated prolactin concentrations in

"hypersensitive" inadequate corpora lutea which can prevent

the luteolytic effects of relatively low levels of PGF^ early in

the luteal phase.

Adequate and inadequate corpora lutea are indistinguishable by

twice daily plasma progesterone measurements until around day 4 or

5 (Figs. 5.3 and 5.4). It is particularly interesting therefore,

that the dynamic response to an LB pulse was clearly different between

groups as early as day 3. This observation lends further support to

the view that inadequate luteal function is not a deficiency which is

acquired during the luteal phase, but is rather the result of poor

follicular development. The dynamic response of the CL to an LB pulse

may provide a technique for distinguishing those corpora lutea which

will subsequently prove to be inadequate, even before any difference

can be measured in plasma progesterone concentrations. This would

be particularly important if luteal tissue was harvested at an early
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stage, e.g. for in vitro studies.

The lack of response of inadequate corpora lutea to LH in vivo

does not itself tell us a great deal about the site or nature of the

lesion in luteal function. There may be an alteration in

sensitivity to LH or in the steroidogenic capacity of the tissue.

Alternatively, the lesion may be due to altered blood supply and

therefore availability of the hormone to luteal tissue. In vitro

studies may help to define the cause of this phenomenon (see Chapter

6).
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6.1 INTRODUCTION

As already discussed, induction of ovulation during seasonal

anoestrus often results in short luteal phases with low levels of

progesterone. Very little is known about the defects of corpora

lutea which lead to sub-normal plasma progesterone concentrations.

McNeilly et al. (1981) reported that inadequate corpora lutea were

smaller than adequate corpora lutea but had equivalent levels of

hCO binding. We have previously shown (Chapter 5) that such sub¬

normal plasma progesterone concentrations are associated, in

anoestrous Welsh Mountain ewes, with the absence of any observable

response to a physiological dose of oLH in vivo. However, in

order to establish the nature of this lesion in the functional

response, it was necessary to compare corpora lutea in vitro.

The purpose of this experiment was to compare steroidogenic

capacity in. vitro, LH receptor concentrations and structural

composition of the adequate and inadequate corpora lutea

generated in the experiments detailed in chapter 5.

6.2 MATERIALS AND METHODS

6.2.1 Animals and Treatments

The corpora lutea studied in this experiment were obtained from

the animals described in chapter 5. The ewes were treated as

previously described (5.2.2). Half of each group were then

slaughtered on day 4 after the LH surge (or oestrus), the remainder

were slaughtered on day 12.
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6.2.2 Collection and Processing of Corpora Lutea.

Ovaries were collected from animals at slaughter and

transported, on ice, to the laboratory, where they were weighed.

Corpora lutea were excised and weighed, then each CL was divided into

portions for receptor studies, tissue incubations and morphological

studies, as previously described in Chapter 2.

6.2.3 In Vitro Incubations.

Aliquots of minced luteal tissue were incubated in duplicate

for 2h at 37°C in M199 alone, and with hCO (10~^~- 100 ITJ / ml; in 10-

fold increments) or with dbcAMP (0.3mM). At the end of the 2h

incubation period, the incubation tubes were centrifuged at 3,000 rpm

for 10 min. before the medium was decanted off and stored separately

from the tissue until assayed.

6.2.4 Assays

Luteal minces were homogenized. Aliquots were then taken to

measure total protein, progesterone content (after extraction) and

hCO binding (Chapter 2). Incubation media were assayed for

progesterone without extraction.

6.2.5 Morphology

Portions of all corpora lutea were processed for histological

studies. It became apparent however, that those from groups 1,2 and

5 (inadequate corpora lutea) were indistinguishable in terms of

weight, progesterone content, hCG binding or in vitro

steroidogenesis (Table 6.1). These groups were therefore combined

into one "inadequate" group. vix corpora lutea were then studied
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from this group, arid from each of groups 3 and 4.

<s. 3 results

No significant differences were observed between groups 1,? and

5 (inadequate corpora lutea) in any of the parameters studied

(tables ft. 1 and ft.2). 'f'hus, for ease of discussion, the mean data from

these groups will be compared with that from the adequate corpora lutea

of the breeding season (Croup 3) and those induced during anoestrus

(Croup 4).

ft. 3 .1 Luteal Weight

All groups showed a significant increase in luteal weight

between day 4 and day 12. Corpora lutea from the breeding season were

significantly heavier on both days 4 and 12 than those produced after

induced ovulation during anoestrus (Table 6.2 and 6.3). There was no

significant difference in luteal weights between adequate (Croup 4)

and inadequate (Croups 1, 2 and 5) corpora lutea during anoestrus.

ft. 3 .2 hCC Binding.

There were no significant differences in hCG binding between

groups on day 4, nor between groups 3 and 4 on day 12. However,

groups 1, 2 and 5 showed significantly lower levels of specific hCC

binding and endogenously-bound LH on day 12 than either group 3 or 4

(Table 6.3).

ft.3.3 Initial Progesterone Content.

Group 3 and 4 both showed significantly higher concentrations

of progesterone in luteal tissue on day 4 than on day 12 (Table ft.4).
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nAY OPOfTP LUTEAL WT. TREE hGG EDk^
(mg) RINDING (IIT/ral)

(pg/pg DMA)

4 1 110 + 63 a 3.3 + 1.9 a 0.01 + 0.05 a

4 2 113 + 34 a 3.5 + 2.1 a 0.07 + O.OO a

4 5 127 + 12 a 2.1 + 0.7 a 0.05 + 0.06 a

12 1 340 + 30 b 3.7 + 2.9 b 1.06 + 0.12 a

12 2 309 +10 b 9.2 + 2.3 b 0.99 + 0.11 a

12 5 333 + 91 b 7.9 + 3.2 b 1.11 + 0.13 a

Table 6.1. Luteal weight, free hCG binding and EO^ (hCG)
for the three groups exhibiting inadequate luteal function.
Data are means + s.e.m.. Values within columns with different
letters are significantly different.
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DAY GROUP COMTKMT BASAL hCG MAXIMUM dbcAMP MAXIMUM

(pg/mg protein) (pg/g protein) (pg/g protein) (pg/g protein)

4 1 14.2+2.1 a IB.2+2.la 41.8+3.0 a 42.3 +2.7 a

4 2 15.B + 3.7 a IB.4 + 2.5 a 40.7 + 4.7 a 44.3 + 3.8 a

4 5 13.B + 1.7 a 16.B + 3.2 a 3B.9 + 4.1 a 40.2 + 4.7 a

12 1 19.7 + 2.3 b 3.1 + 1.9 b 42.8 + 3.7 a 49.5+5.2 a

12 2 16.2+4.1 b 3.8 + 2.7 b 45.6 + 5.2 a 41.8 + 5.5 a

12 5 15.6 + 2.8 b 2.9 + 1.8 b 41.8 + 4.7 a 47.3 + 6.2 a

TABLP 6.2. Progesterone content and production in vitro under either
basal conditions or when maximally stimulated with hCG or dbcAMP. The data
are means + s.e.m.. Values within the same column with different letters
are significantly different, (p ^0.05).
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DAY OPOITP LUTEAL ''rr. FREE hGO, BOUND LU pn50
(rig) BTMDTMO ( pg//Jg WA) (T'l/ml)

(og/ug UMA)

4 3 303 -+ 2° a 5.7 + 1.2 a 0.34 + 0.04 a 0.1.1 + 0.01 a

4 4 113 + 18 b 4.7 + 1.0 a 0.28 + 0.03 a 0.00 + 0.02 a

4 1,245 118 + 19 b 3.1 + 0.9 a 0.27 + 0.05 a* 0.95 + 0.07 b

1.7 3 569 + 50 c 19.5 + 4.3 b 0.65 + 0.08 b 0.10 + 0.02 a

12 4 397 + 34 d 14.8 + 2.1 b 0.58 + 0.07 b 0.09 + 0.03 a

12 1,2&5 359 + 36 d 8.6 + 2.1 a 0.31 + 0.04 a* 1.08 + 0.11 b

Table 6.3. Luteal weight, free hCG binding and EO50 (hCG) for the groups
exhibiting adequate, (3 4 4) and inadequate, (1, 245) luteal function.
Data are means + s.e.m.. Values within columns with different letters are

significantly different. * - These measurements only obtained for Group 5.

123



DAY4

50-i
40-

c

■<D

O

30

o> D)
s

0)

c o

20-

ro •f*

</>

v D) o

10- 10

-4

10

-3

10"

10

-1

10l

10'

DAY12

hCG(IU/ml)



Figure 6.1. hf!0 dose-response curves for progesterone production

In vitro by luteal tissue collected on day 4 and 12 from groups

3 and 4. Data are group means.
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Figure 6.2. bCG dose-response curves for progesterone production

In vitro by luteal tissue collected on day 4 and 1?. from groups

1, 2 and 5. Fata are group means.
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Figure 6.3. Mean hCO dose-response curves for progesterone

production i_n vitro by luteal tissue collected on day 4 and

12 from groups 3 and 4, compared with groups 1, 2 and 5. t>ata

are means + s.e.m.
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Croups 1,2 and 5 showed no such difference. On both day 4 and day

12, group 2 (breeding season) showed significantly higher

concentrations of progesterone than all the other groups (''"able 6.4).

Group 4 (induced adequate) had luteal tissue progesterone concentrations

which were intermediate; significantly lower than breeding season

corpora lutea (Group 2) yet significantly higher than inadequate

corpora lutea (Groups 1,2 & 5 C^able 6.4]).

6.3.4. In Vitro 2teroidogenesls.

There were no significant differences between groups in either

basal or maximally-stimulated progesterone production on day 4 or

day 12 (Table 6.4). Basal production by corpora lutea was

significantly higher on day 4 than on day 12. However, maximally-

stimulated production was similar on both days (Table 6.4).

The hCO dose-response curves of group 3 and group 4 were very

similar (Fig. 6.1) as were those of groups 1,2 and 5 (Fig. 6.2).

However, when groups 3 and 4 combined (adequate) were compared with

groups 1,2 and 5 combined (inadequate), it was apparent that the

sensitivity of inadequate luteal tissue to hCG was markedly reduced

(Fig. 6.3) on both day 4 and day 12 as can be seen by the 10-fold

increase in the FD^ value (Fig 6.3; Table 6 .j ).

6.3.5 Structural Composition

There was no difference in the number of luteal cells (^ 15

urn diameter) between groups on day 4 (Table 6.5). Group 3 (breeding

season) showed a significant increase in luteal cell number on day 12.

This increase was not observed in groups 4 or 1, 2 and 5 combined.

The mean luteal cell volume was similar for all groups on day
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nAY opoup content BASAL hCG MAXIMUM dbcA'fP MAXIMUM

(pg/mg protein) (jug/g protein) (jug/g protein) (pg/g protein)

4 3 35.3 + 3.6 a 22.0 + 3.5 a 36.2 + 3.1 a 3<).R + 2.2 a

A A 45.P + 2.8 b 1<>.4 + A.6 a 30.4+ 5.2 a 41.3+0.1 a

4 1,25.5 14.6 + 1.5 c 17.0 + 2.1 a A0.5 + 3.2 a 38.3 + 3.1 a

12 3 47.5 + 5.2 b 11.2 + 2.7 b A7.5 + 4.1 a 43.2 + 7.6 a

12 4 28.7 + 3.5 d 10.1 + 4.4 b 44.4 + 3.5 a 47.1 + 8.1 a

12 1,2&5 16.6 + 2.1 c 3.3+2.2 U 43.3 + 3.4 a 44.4 + 3.4 a

TABLE 6.4. Progesterone content and production in vitro under either
basal conditions or when maximally stimulated with hCO or dbcAMP. The data
are means + s.e.m.. Values within the same column with different letters
are significantly different, (p-«C0.05).
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HAY OIJ.OMP M'TVAI. CFTJ,
"o.(x 10"° )

OFT,L UOf.iT»<p nr'A rr,

(|iti'X 1D"? ) ( m? )
TOTAL OFLb FliRFAFK A"
Mo (x 10*b) (cmi )

4

4

51.2+9.9 a

45.3+9.2 a

4 1.2&5 49.4+6.3 a

5.97+1.9 a 0.71+0.11 a 97+13 a 61+9 a

5.41+1.3 a 0.52+0.09 a 63+10 a 54+9 a

4.92+1.4 a 0.46+0.09 a 56+ 11a . 49+7 a

12

12

3

4

76.4+9.2 b

52.7+7.6 a

12 1.2&5 49.1+8.1 a

16.93+2.4 h 2.23+0.18 b 274+22 b 239+15 b

10.27+2.1 c 1.58+0.11 c 194+13 c 172+12 c

9.31+1.9 c 1.10+0.13 d 135+16 d 112+11 d

TABLK 6.5. Number of luteal cells Q.15um) , mean cell volume, DNA content,
calculated total cell number, and surface area of vasculature . Data are
means + s.e.n.. Values within columns with different letters are

significantly different, (p < 0.05).

132



4 (^able 6.5). This volume increased for all groups by day 12.

However, this increase was significantly greater for group 2

(breeding season) than for the other groups.

There was no significant difference in total HNA per CL (an

indicator of total cell number) between groups on day 4. All groups

showed an increase in total HNA by day 12, but the magnitude of this

increase varied between groups. Thus, hy day 12, group 3 (breeding

season) had significantly more DNA than group 4 (induced adequate)

which, in turn, had significantly more DMA than groups 1,2 and 5 (induced

inadequate; Table 6.5).

The surface area of luteal vasculature developed in the same

way as total TINA (or total cell number). Thus, there was no

difference between groups on day 4 but by day 12, group 3 had

significantly larger surface areas of vasculature than did group 4s

which in turn had significantly more than groups 1,2 and 5.

6.4. niscussioN

6.4.1 Luteal Weight

The observation that corpora lutea of the breeding season

(Group 3) were of significantly higher weight than those produced

by induced ovulation during anoestrus (Table 6.3), confirms results

already reported for Corriedale ewes (O'Shea et al.,1984) and for

Scottish Blackface ewes (McNeilly et al., 1981). These studies

assumed that the reduced luteal weight was a major contributor to

impaired luteal function. Tn this study, however, induced adequate

corpora lutea (Group 4) and induced inadequate corpora lutea

(Groups 1,2 and 5) exhibited markedly differing function in vivo,
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despite very similar weights (Table 6.3). Thus, inadequate liateal

function was clearly not due solely to reduced weight.

6.4.2 Structural Composition

Mature (day 12.) corpora lutea from group 3 contained

significantly more luteal cells (^15|um diameter) than any other

group, and these cells were of significantly larger volumes

(Table 6.5). Similar results have been published for the comparison

between breeding season corpora lutea, and inadequate corpora lutea

induced during anoestrus (O'Shea et al., 1984). However, group 4

(induced adequate) allows direct comparison of adequate and

inadequate corpora lutea at the same time of the year, and reveals

no difference in either luteal cell number, or cell volume. Thus,

the previously reported difference in cell number and volume

(O'Shea et al., 1984) between adequate and inadequate corpora

lutea was possibly a seasonal variation and, like luteal weight

(6.4.1.), not a critical determinant of luteal function.

The increased luteal cell number on day 12 for group 3

(breeding season) is probably due to the growth of cells into the

,^15yim category rather than to cell division (see Chapter 3).

Fitz et al. (1982) demonstrated that injections of hCG during the

luteal phase caused a shift in the size distribution of luteal cells,

increasing the proportion with larger volumes. Thus, the higher

concentrations of LH in the plasma during the breeding season may

contribute to the greater cell volume at this time.

Interestingly, there was no significant difference in the total

number of cells (as calculated from PNA content) between groups on

day 4. this may suggest that the follicles going to make up these
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corpora lutea were the same size, or at least had similar numbers of

cells. In a study where anoestrous ewes were subjected to various

treatments which would normally yield both adequate and inadequate

corpora lutea, hunter et al. (1Q66) reported no difference in

follicle size when animals were ovariectomised only hours prior to the

expected LH surge. Therefore it would appear that inadequate size

of follicles prior to ovulation and luteinization does not contribute

to luteal inadequacy.

All groups in the study exhibited proliferation of vasculature

between day 4 and day 12 (Table 6.5) and a parallel increase in

total cell numbers, as calculated from the UNA content. The

proliferation was significantly lower in corpora lutea produced

during anoestrus than in the breeding season, and inadequate versus

adequate corpora lutea produced at the same time of the year

(Table 6.5).

When the surface area of vasculature was expressed per luteal cell,

there was no difference between groups 3 and 4 (3.12+0.17 and 3.16

+0.19 x 10 ^ mm ). However, groups 1,2 and 5 were significantly

lower (2.21 +0.15 x 10 ^mm ; p<0.01). Thus the degree of

vascularization appeared to be directly related to luteal function in

vitro.

Unfortunately these studies cannot distinguish cause and effect

in this relationship. Reduced luteal vasculature may lead to

inadequate luteal function or, conversely, inadequate luteal function

may result in decreased production of some angiogenic factor(s) and

so cause reduced vascular development. Alternatively, both luteal

function in vivo and luteal vascularity are affected by some

other factor. Whichever explanation is correct, decreased
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vascularity mav contribute to the inadequacy of the corpus luteura

by depriving the tissue of both the essential requirements of

steroidogenesis, such as LDL (Chapter 1) and the luteotrophic support

of LH.

6.4.3 hCG binding

McNeilly et al. (1981) reported no difference in the specific

binding of hCG to homogenates of inadequate and normal corpora

lutea. however, these results were reported as pg per mg wet weight

of luteal tissue and the two groups of corpora lutea were at

different stages of the luteal phase, complicating the interpretation

of the data. Tn the present study, inadequate luteal tissue

exhibited significantly lower total specific hCG binding than

adequate luteal tissue on day 12 of the luteal phase (Table 6.3).

These corpora lutea also had less endogenously bound LH (Table 6.3),

suggesting that either plasma LH concentrations were lower, or the

availability of that LH to the receptors was reduced (presumably by

the less extensive vascularization). Decreased specific binding of

LH, together with poor vascularization may he responsible for the

lack of response of Group 6 to oLH in vivo (Chapter 5).

However, there was no difference in either of these parameters on

day 4 of the cycle, and yet inadequate corpora lutea failed to

respond to oLH in vivo at this time.

6.4.4 Steroidogenesis In Vitro

The observation that initial progesterone content was

significantly higher for group 3 than group 4 (Tahle 6.4) was

surprising in view of the similarity of plasma progesterone
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concentrations in these groups. However, the higher tissue

progesterone concentrations on day 4 compared with day 12 suggests

that progesterone content was not directly related to the secretion

of that hormone. If hormone secretion, rather than production, is

the rate limiting step, differing concentrations in tissue need not

be related to plasma concentrations.

The lower progesterone concentrations of the inadequate group

corpora lutea and plasma were consistent with both decreased

synthesis and release in vivo.

There was no difference between groups either in basal

progesterone production or in the maximum production stimulated by

hCG in vitro (Table 6.4). These two observations suggest that

the steroidogenic apparatus was equally complete in adequate and

inadequate luteal tissue. Thus the observed differences in vivo

cannot be attributed to differences in functional capacity of the

luteal tissue, but rather to the way the tissue responds to LH. We

have already shown that the differential response of luteal tissue

can be explained, in part, by differing receptor concentrations

(6.4.3) and degree of vascularization (6.4.2). However, the dose-

response curves for hCG (Figs 6.1, 6.2 and 6.3) indicate that some

other mechanism is also involved, since these curves were obtained

using fine minces of luteal tissue, where differential vascular

influences were excluded.

Corpora lutea with similar function in vivo (Chapter 5)

exhibited very similar dose response curves (Figs 6.1 and 6.2).

When adequate and inadequate corpora lutea were compared ,however,

there was a marked shift in this response curve, such that

inadequate luteal tissue was 10 fold less sensitive to hCG than
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adequate luteal tissue, ^his can best be seen by comparing the

of bCO for both tissues (Table 6.1). the Rn«^o was 10 ^ 117 /ml

for groups 3 and 4 (adequate) and 1 ITT /ml for groups 1, 2 and 5.

It Is unlikely that this difference was due to differing LH receptors

levels. We have already shown that there was no such change in the

sensitivity of the luteal tissue to hCG for changing receptor

concentrations associated with the developing corpus luteum (Chapter

3), or for the wide range of receptor concentrations shown during

pregnancy (Chapter 4). Likewise, in the present experiment,

significant differences in hCO binding between day 4 and day 12 were

not accompanied by any change in hCG-sensitivity. It would therefore

appear that the differential sensitivity is imparted via some

mechanism secondary to the receptor-hormone interaction. There

was no difference between groups in the response of the tissue to

dbcAMP (Table 6.4). However, the concentrations achieved in the

cells may be sufficient to stimulate both adequate and inadequate

corpora lutea maximally, and so mask any change in sensitivity.

In conclusion, luteal inadequacy in the sheep was associated

with reduced luteal vasculature and reduced concentrations of LH

receptors in mature corpora lutea. There was, however, a further

lesion in luteal function, unrelated to vascular differences and

receptor concentrations, which caused inadequate luteal tissue to

be less sensitive to gonadotrophic stimulation.
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7.1 INTRODUCTION

Seasonal variation in reproductive performance is not an "all

or nothing" difference between breeding season and anoestrus. As

the end of the breeding season approaches, so the level of

gonadotropbic stimulation decreases to a point at which ovulation no

longer occurs, ^his is a gradual process which is accompanied by a

lengthening of the oestrous cycle, decreasing ovulation rate, and a

decline in peripheral plasma progesterone concentrations (Wheeler

and Land, 1977). No thorough study has been made of the way this

decreasing gonadotrophic stimulus affects luteal function. We have

already reported differences in luteal weight (6.3.1; 6.4.1) and

cellular proliferation (6.3.5; 6.4.2) between induced adequate

corpora lutea during seasonal anoestrus and those of the breeding

season. There has also been a recent report that the increase in

luteal cell size which is normally observed during the oestrous cycle

was not apparent in corpora lutea collected near the transition to

the anoestrous season (Schwall et al., 1986).

The purpose of the experiment reported here was two-fold;

firstly to examine the effects of season on in vivo and in

vitro luteal function, and secondly, by repeating the induction

of ovulation during seasonal anoestrus in another breed of sheep,

to examine possible breed differences in adequate and inadequate

luteal function.
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7.2. MATERIALS AW MFTWODS

7.2.1. Animals.

58 Scottish Blackface ewes were maintained indoors under natural

lighting at the H.F.R.O., Rush Estate, Penicuik. All were of

proven reproductive history, but had been kept unmated over the

winter preceding study.

7.2.2. Studv Tiesign.

This study was performed in three parts:

1. In November, 12 ewes (Group 1), were synchronized using

"Intervet" progestagen pessaries. Ewes were left untreated on the

first cycle, then, following detection of oestrus of the second cycle,

venous blood samples were taken twice daily until slaughter on

day A or day 12 (Oestrus = Day 0). Oestrus was detected using a

vasectoraised ram.

2. In March, 16 ewes (Group 2; those which, from a flock of 40

ewes, had shown oestrus on removal of vaginal sponges) were treated

in the same way as those in group 1.

3. In May, 31 ewes were randomly allocated to one group of 12

(Group 3) and one group of 19 (Group 4). These groups were then

treated in a similar manner to groups 4 and 5 in chapter 5. Group

3 were progestagen-treated for 7 days (vaginal sponge) before

receiving injections of 250 ng GnRR i.v. at increasing frequency:

3 hourly for 24h, 2 hourly for 24h and hourly for a further 24h.
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Croup 4 received no progesterone treatment, but 1 large bolus

injections of GnRH (1 x 30 pg i.v.) at 00 min. intervals.

7.2.3 blood Sampling

Groups 1 and 2 were sampled twice daily from oestrus until

slaughter on either day 4 or 12.

Group 3 were sampled before each injection of GnRH (i.e. with

increasing frequency for 72h), every 4h for a subsequent 24h

and then twice daily until slaughter on either day 4 or day 12.

Group 4 were also sampled before each injection, every 2h for a

further 24h and then twice daily until slaughter on day 4 or 12.

All ewes were also subjected to a 4 hour period of blood

sampling at 13 min. intervals on days 3 and 11. After the first

hour of this period, each ewe was given 10 pg oLH i.v. to test the

in vivo response to a pulse of L't.

All blood samples at intervals of 15 min. or less were of a

standard 3ml volume, and were taken via an in-dwelling jugular vein

catheter. Twice-daily samples of 7ml were collected by jugular

venepuncture.

7.2.4 In Vitro Studies

The collection and handling of luteal tissue was as described

in chapter 6. Incubations were set up in the same way using the

same concentrations of hOG and dbcAHP. Portions of each corpus

luteum were also taken to measure receptor concentrations and initial

progesterone content.
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day

Figure 7.1. Mean plasma progesterone concentrations

throughout the luteal phase of the £ experimental groups,

^ata are mean + s.e.m.. *Fenotes the group 2 samples

which were significantly different from groups 1 and 3.
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7.3 RESULTS

7.3.1 OvulatLon and luteal function In vivo

7.3.1.1 Ovulation Rates

The mean ovulation rate was significantly higher during the mid-

breeding season (Croup 1) than towards the end of the season (Group

2; 1.5 + 0.2 v's 1.0 + 0.1: p<0.05). During anoestrus only a

proportion of the ewes could be induced to ovulate, and this proportion

was significantly higher for group 3 than group 4 (10/12 v's 8/18;

p<0.01).

7.3.1.2 Plasma Progesterone Concentrations.

Plasma progesterone concentrations were similar for groups 1

and 3, beginning to rise on day 3 and reaching a plateau by day 9

which was maintained until day 12 (Fig 7.1). Group 2 showed

progesterone concentrations consistently lower than groups 1 and 3,

but this difference was only significant on days 11 and 12. Group 4

also showed an increase in progesterone concentrations beginning on

day 3, but this increase was significantly lower and of a shorter

duration than that of the other three groups.

7.3.1.2 Plasma LP Concentrations.

Mean LU concentrations, measured for the hour before the

exogenous LP pulse were highest in group 1, intermediate in group 2

and lowest in groups 3 and 4 (Table 7.4). LP concentrations were

consistently higher on day 3 than on day 11.
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7.3.1.3 In vivo response to oLH pulse

In all ewes, the rise In the concentration of LH in plasma

following intravenous injection of 10 jag oLu was similar to that

observed during a spontaneous LH pulse during the luteal phase (^igs.

7.2, 7.3). Turing the mid-breeding season (Group 1) there was a

significant rise in the concentrations of progesterone following the

LH injection on day 11, but not on day 3 (Fig. 7.2). Groups 2

(late-breeding season) and 3 (induced adequate) showed a significant

rise in progesterone concentrations following LH injections on both

day 3 and day 11. This increase was approximately 10-fold greater

on day 11, although the percentage rise was similar (25-30%). The

increment in progesterone concentration was significantly greater

for group 3 (induced inadequate) than for group 2 (late breeding-season)

on both days. Group 4 (induced adequate) showed no elevation in

plasma progesterone concentrations in response to the LH injection on

day 3. 75y day 11 these corpora lutea had undergone regression (Fig. 7.2).

7.3.2 Structural Composition

No detailed morphology was studied in this experiment.

However, luteal weight and total HNA content were measured to give

some indication of the composition of the tissue.

7.3.2.1 Luteal Weights

These were similar between groups on day 4. However, there

were marked differences between groups on day 12. Group 1 had

significantly heavier corpora lutea than group 2 which in turn were

significantly heavier than group 3 (Table 7.1).
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Figure 7.2. Plasma progesterone concentrations in response to

exogenous oLF injection. Fata are means of the all ewes in each

group.
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Figure 7.3. Plasma progesterone concentrations in response to

exogenous oL'T injection. Fata are means for all the ewes in each

group, ilroup 4 had no corpora lutea persisting until day 11.
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Figure 7.4. hCG dose-response curves for progesterone production

in vitro by luteal tissue collected on day 4 from all groups,and

12 from groups 1, 2 and 3. t>ata are group means.
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FiAY GROUP LUTEAL WFTGHT DMA GOUTRUT CALCULATED TOTAL

(mg) (mg) CRLL NUMBER (X 10"b)

4 1 168 +19 a 0.85 + 0.11 a 104 + 13 a

4 2 219 + 25 a 0.Q2 + 0.13 a 113 + 16 a

4 3 101 + 21 a 0.76 + 0.09 a 93 + 11 a

4 4 140 + 27 a 0.81 + 0.10 a 99 + 12 a

12 1 792 +63 b 2.61 + 0.18 b 320 + 22 b

12 2 622 +44 c 1.92 + 0.14 c 235 + 17 c

12 3 439 + 10 d 1.51 + 0.11 d 185 + 13 d

TABLE 7.1. Luteal weight, OUA content and calculated cell number.
Data are mean + s.e.m.. Values within columns with differing
letters are significantly different, (p 4 0.05).
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r»av r.poi'p pport.KSTKRopjF; total hoc t.h bohnw (hco)
CONTRMT (ng/mg) RTNDTNC (fg/pg DMA) TIT / ml

(pg/pg OMA)

4 1 92.4 +2.1 a 6.24 + 2.1 a 0.52 + 0.06 a 0.09 + 0.01 a

4 2 67.4 + 2.8 b 5.31 + 2.8 a 0.41 + 0.07 a 0.49 + 0.02 b

4 3 46.7 + 1.4 c 4.80 + 1.4 a 0.43 + 0.05 a 0.10 + 0.01 a

4 4 21.3 + 0.8 d 4.81 + 0.8 a 0.39 + 0.07 a 1.07 + 0.01 c

12 1 59.7 + 5.4 b 31.7 + 5.4 b 0.89 + 0.08 b 0.11 + 0.21 a

12 2 30.2+2.9 e 28.3 + 2.1 b 0.76 + 0.06 b 0.52 + 0.32 b

12 3 21.1 + 2.6 d 24.0 + 7.6 b 0.77 + 0.07 b 0.11 + 0.14 a

Table 7.2. Progesterone content and gonadotropin binding to
luteal tissue. Bata are means + s.e.m.. Values within columns
with different letters are singnificantly different, (p<0.05).
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DAY CROTJP CONTENT BASAL hCO MAXIMUM dbcAMP MAXIMUM

(pg/pg UNA) (pg/g protein) (pg/g protein) (pg/g protein)

4 1 92.4+2.1 a 32.6 + 4.7 a 53.7+4.7a 62.1 + 3.1 a

4 2 67.4 + 2.8 b 31.7 + 3.1 a 61.3 + 3.2 a 66.7 + 4.3 a

4 3 46.7 + 1.4 c 28.4+2.8 a 62.0+5.6a 70.1 + 5.4 a

4 4 21.3 + 0.8 d 26.1 + 3.2 a 58.3+4.8a 63.7+4.la

12 1 59.7 + 5.4 b 18.3 + 1.3 a 60.2 + 2.9 a 59.4 + 8.3 a

12 2 30.2 + 2.9 e 19.2+2.1 a 57.5+4.6a 66.6 + 3.5 a

12 3 21.1 + 2.6 d 16.4 + 1.9 a 59.3 + 3.7 a 61.4 + 7.9 a

TABLE 7.3. Progesterone content and production in vitro under either
basal conditions or when maximally stimulated with hCG or dbcAMP. The data
are means + s.e.ra.. Values within the same column with different letters
are significantly different, (p ^ 0.05).
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7.3.2.2 DMA Content

The PNA content and calculated total cell number showed the

same pattern as luteal weight; no difference between groups on day

4, but by day 12, group 1 had significantly more luteal PNA than

group 2, which in turn had significantly more than group 3 (Table

7.1).

7.3.3 hCG Binding

There was no difference between groups in total hCG binding on

either day 4 or day 12; however, all groups showed significantly more

binding on day 12 than on day 4 (Table 7.2.).

7.3.4 In Vitro Progesterone Production

In all groups showing unregressed corpora lutea on day 12 the

initial progesterone content was significantly lower at this time

than on day 4. In addition, there were significant differences in

progesterone content between all groups; group 1 containing the

most, then group 2, group 3 and (on day 4 at least) group 4.

There were no differences between groups in either basal

progesterone production or production maximally stimulated by either

hCG or dbcAMP (Table 7.1). Basal production, however, was

significantly higher on day 4 than on day 12 (Table 7.1). Maximal

progesterone production was consistently higher in response to

dbcAMP than to hCG, hut this difference failed to reach significance.

The sensitivity of luteal tissue to hCG showed marked

differences between groups. Group 1 (mid-breeding season) and group

3 (induced adequate) both had an BP50 of around G.l III /ml hCG.

Group 4 had an BP of around 1 III / ml, and group 2 exhibited an
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CPOTTP DAY 3

1 1.04 + 0.07

2 0.80 + 0.07

3 0.59+0.04

4 0.74 + 0.04

DAY 11

a 0.77 + 0.07 a *

b 0.60 + 0.06 a ns

c 0.39 + n.02 b *

b

Table 7.4. Mean LH concentrations for the hour before
the injection of 10 jig oLH. Data are mean + s.e.m.
Values within columns with different letters are significantly
different, (p^.0.05). *= significantly lower than day 3.
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intermediate value for HT^q of around 0.5 TIT / ml (Table 7.?; Fig 7.4).

7.4. OTSCUSSrOM

In Chapter 5 we reported that, in terms of proportion of ewes

ovulating, there was no difference between multiple small-dose

injections of OnRH at increasing frequency and large bolus injections.

The same proportion ovulated in each group. In the present study,

however, a significantly smaller proportion of Scottish Blackface

ewes ovulated in response to large bolus injections (Croup 4; 8/18)

than to repeated small-doses (Croup 3; 10/12 [p{0.01]). This may

reflect a breed difference in terms of availability of follicles

capable of ovulating during anoestrus. It might be suggested that

in Welsh Mountain ewes there is a fairly high proportion of ewes

during anoestrus which have follicles capable of ovulating in

response to an LH surge, while requiring a more prolonged period of

gonadotrophic stimulation to ensure adequate luteal function.

Scottish Blackface ewes, however, may have fewer follicles capable of

responding to an exogenous LH surge during anoestrus, and yet still

have a population which, on appropriate prolonged stimulation, can

ovulate and luteinize normally.

The present study also found a significantly lower mean

ovulation rate late in the breeding season (Croup 2) than mid-season

(Croup 1). The relatively constant follicle count as observed by

Kammlade et al. (1952) suggests that the differing ovulation rate was

a consequence, not of differing numbers of large follicles in the

preovulatory period, but rather of differing proportions within the

large follicle population which were capable of ovulating.

The pattern of progesterone production in vivo by corpora lutea

157



of groups 1,3 and 4 was very similar to that seen in Welsh Mountain

ewes (Chapter 5), although absolute values were higher for Scottish

Blackface ewes- One striking difference, however, was the absence of

any group 4 (induced inadequate) corpora lutea surviving until day 12.

In Welsh Mountain ewes this prolongation of inadequate luteal phases was

associated with elevated levels of prolactin (Chapter 5). In the

present study, prolactin concentrations were higher in group 4 than

for Welsh Mountain ewes during anoestrus, suggesting that if prolactin

can exert a luteotrophic effect, greater concentrations are required in

Scottish Blackface ewes.

Group 2 ewes showed consistently lower plasma progesterone

concentrations than group 1. There are a number of factors which

could account for this difference. Firstly, there was a significant

decrease in mean ovulation rate towards the end of the breeding

season. We have already seen (Chapter 4) that plasma progesterone

concentrations are proportional to the number of corpora lutea

present. Alternatively, the lower gonadotrophic support late in the

season may have exerted its effect during the luteal phase, and so

suppressed luteal progesterone production. A third possibility is

that luteal function was impaired in group 2 by inadequate or

inappropriate gonadotrophic stimulation during the follicular phase.

As we .shall discuss later, there is some evidence from the in vitro

data to support the latter hypothesis.

There was no significant difference between groups 1,2 and 3 in

the progesterone response to an exogenous pulse of oLH on day 11 of

the luteal phase. Dn day 3, however, group 1 showed no response.

This group had significantly more LH endogenous!y bound on day 4,

presumably the consequence of higher plasma LH concentrations in the
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mid-breeding season. Tt is therefore possible that this group was

already responding at their maximum capacity and were therefore

refractory to further LH stimulation. Croup 4 showed no

progesterone response to exogenous LH on day 3, being similar to

the corresponding group of Welsh Mountain ewes with inadequate

corpora lutea.

The Scottish blackface ewes in this experiment were also

similar to Welsh Mountain ewes with respect to luteal weight. There

was no difference between groups on day 4, but differences had

developed by day 12. These differences in luteal weight therefore

appear to reflect differences in luteal growth rather than in the

size of the follicles giving rise to them. This is further

supported by the similar DMA contents on day 4, again suggesting

equal number of cells in pre-ovulatory follicles. The most likely

explanation for the differential growth is the differing concentrations

of gonadotrophins in the plasma. Croup 1 (mid-breeding season) had the

highest mean luteal LH concentrations (Table 7.4) and also the

heaviest corpora lutea. Croup 2 had significantly lower concentrations

of LW and lighter corpora lutea, despite a lower ovulation rate which

would normally tend to give larger corpora lutea (see Chapter 4).

Croup 3 (induced) had the lowest mean LH concentrations and also the

lowest luteal weight on day 12.

The absence of any difference between groups in total hCC

receptors and basal or maximally-stimulated progesterone production

again shows similarities with Welsh Mountain ewes (Chapter b). Thus

there was no difference between groups in terms of the capacity of

their steroidogenic apparatus. However, the sensitivity of the

tissue to a gonadotrophic stimulus in vitro showed substantial
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differences between groups. As we have already shown for Welsh

Mountain ewes (Chapter b) there was a 10-fold difference in

sensitivity between adequate corpora lutea ( i rrespective of season)

and inadequate corpora lutea. The situation in Scottish blackface

ewes is more complex. The 10-fold decrease in sensitivity between

adequate corpora lutea of mid breeding season (Group 1) and induced

during anoestrus (Group 1), and inadequate corpora lutea induced

during anoestrus (Group 4) was still observed. Group 2, however,

which was adequate in terms of progesterone production in vivo,

showed a sensitivity to hCG in vitro which was intermediate

between those of adequate and inadequate luteal tissue (Table 7.2).

This decreased sensitivity to hCG may help to account for the

consistently lower concentrations of progesterone present in group 2

compared with groups 1 and 3. Although these concentrations are

significantly reduced, they are still such that luteal function in

this group has been classed as adequate. Perhaps for inadequate

luteal function to result there must be a decrease of a certain

magnitude in sensitivity to hCG of the luteal tissue.

Alternatively, this decrease Ln sensitivity might lead to luteal

inadequacy only when luteal phase gonadotrophic support is reduced,

such as in anoestrus.

The observation of reduced sensitivity to hCG in luteal tissue

from the late-breeding season lends further support to the hypothesis

that it is variations in the gonadotrophic environment which lead to

altered luteal function.
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8 . 1 INTRODUCTION

The experiments reported in chapters 4-7 dealt with a variety

of factors which may influence luteal function. However, with the

possible exception of seasonal effects (Chapters 6 and 7), these

Influences have been exerted during the follicular phase of the

cycle. Other effects of gonadotrophins have been reported, however,

which occur during the luteal phase, Fitz et al. (1982) reported

that injections of hCO on day 8 of the cycle caused an increase in

the mean luteal cell size by day 10 as estimated from dissociated

cell suspensions. Niswender et al. (1976) reported that injections

LP during the luteal phase caused a rapid increase in blood flow to

the ovary. Thus, it seems likely that circulating concentrations of

gonadotrophins may do more than play a permissive role in luteal

function; they may critically affect luteal structure and function.

Preliminary studies using injections of 3FF during the luteal

phase (Wallace and McNeilly, 1986; Chapter 4) had demonstrated both

suppression of FSH concentrations and elevation of LP concentrations

It was therefore decided to use such treatment to alter the

gonadotrophic environment during the luteal phase and study the

effects on luteal function.

8.2 MATERIALS AND METHODS

8.2.1. Animals and Treaments

Twenty Damline ewes were studied during the breeding season

(October). Oestrous behaviour was synchronized as described

previously (Chapter 2). Ewes were then moved inside, weighed, and

allocated to one of the two treatment groups prior to the start of
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the study. The treatment group (n=10) received 10ml of BFF i.v. at

00.00 and 17.00h on day I (oestrus + 24h) to day 0 of the cycle and

finally between Oft.00 and 08.00h on day 10. The control group

(n=10) received bovine serum at identical injection frequency.

The ovaries were removed on day 10 between 10.00 and 12.00h, exactly

4h after the final follicular fluid injection, "alf of the ewes (5

controls and 5 treated) were killed by lethal injection (20ml) of

sodium pentabarbitone (Euthatal, lOOmg/ml; May & Baker Ltd.) and the

ovaries removed within two min. The remaining 10 ewes were

ovariectomised at mid-ventral laparotomy (see Chapter 2).

8.2.2. Handling of Tissue

On removal, the ovaries were placed in medium 199 (Hepes

bufferred) until they were trimmed and weighed and the corpora lutea

excised (max. 30 min.). Each corpus luteum was then weighed and

divided for morphological examination, receptor studies and in

vitro steroidogenesis studies as detailed in chapter 6.

8.2.3 Blood Sampling

Blood samples were taken twice daily prior to bovine serum or

follicular fluid injection throughout the luteal phase. All samples

were assayed for LH and FSH and daily samples were also assayed for

progesterone. In addition to these twice daily samples, all animals

were cannulated on day 8 and had blood samples withdrawn at 15 min.

intervals for 6 hours on day 9 to measure pulsatile LH secretion.

These assays were performed by Tacqueline Wallace.

163



120 -i

100

80

60
05
c

X
CO

40

20

-a- CONTROLS
TREATED

Days from oestrus
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samples withdrawn before injection of bovine serum (Control), or BrF

(Treated) at 00;nnh and 17;00h on day 1 to day 10 of the luteal

phase. Values are means + s.e.m.
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8.3 RESULTS

8.3.1. Hormone Concentrations Luring Treatment.

ESH: In control ewes ECU concentrations were high on day 1 of the

luteal phase and then fell during day 2 to reach their lowest values

on days 3 and 4. Thereafter, FSH concentrations rose to reach a peak

on days 5 and 6, after which they fell slightly to plateau during days

8 to 10 (Fig 8.1). The first injection of follicular fluid on day 1

in the treatment group suppressed FSH levels by approximately 75% by

the following sample 8h later. FSH levels remained suppressed

throughout the treatment period (Fig 8.1).

LU: LH concentrations in twice daily samples were significantly

higher in treated ewes than in controls (p 0.05) from day 2 to day

10 of the luteal phase. Detailed analysis of the pulsatile secretion

of LH on day 9 revealed that basal LH concentrations, pulse frequency

and amplitude were significantly higher in the treated group (p 4. 0.01)

than in control ewes (Table 8.1).

Progesterone: There were no significant differences between

groups until day 8. However, levels were significantly higher

(p <( 0.05) in treated ewes than in controls during days 8-10

(Fig 8.2).

8.3.2 Etructural Composition of Corpora Lutea

The mean number of corpora lutea per ewe was similar in both

groups (3.1+ 0.2 in controls; 3.1 + 0.5 in treated ewes;
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"igure 8.3. hCC, dose response curves for In vitro

progesterone production by day 10 luteal tissue from control and

treated ewes. Oata are means -5- s.e.m.
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Basal LH (ng/ml)

LH pulses / 6h

LF Pulse Amplitude
(ng/ml)

Mean LH level

(ng/ml)

Control Tre,

1.4 + 0.1 2.0

1.6+0.4 2.9

2.9+0.5 6.8

1.8 + 0.2 3.5

itment Significance

+ 0.2 p < 0.01

+ 0.3 p < 0.01

+0.5 p < 0.001

+ 0.5 p < 0.01

Table 8.1 Effect of treatment with bovine follicular fluid on

pulsatile LH secretion on Hay 9 of the luteal phase. Values are
means + s.e.m.

GROUP LUTEAL CELL TOTAL CELL CELL VOLUME SURFACE AREA OF
No (x 10"°) No (x 10~fa ) (jirn^ x 10-3) VASCULATURE (cm2 )

CONTROL 78 + 6.7 a 241 + 18 a 14.4 + 2.1 a 2.15 + 12 a

TREAT. 84 + 9.2 a 270 + 16 b 10.1 + 1.8 b 247 + 11 b

Table 8.2. Structural composition of corpora lutea from the two
experimental groups. Data are means + s.e.m.. Values within columns
with different letters are significantly different (p •<, 0.05). Total cell
number was calculated from UNA content, Luteal cell numher of cells ^ 15 jum .
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GROUP TOTAL hCG FREE hCG BOUND LH F,n50
BINDING BINDING (pg/pg DNA) (Ill/ml)
(pg/pg DNA) (pg/pg UNA)

C 18.5 + 0.8 a 18.2 + 0.9 a 0.24 + 0.04 a 0.097 + 0.007 a

T 18.7 + 1.6 a 12.9 + 1.4 b 4.73 + 0.13 b 0.104 + 0.010 a

Table 8.3. Gonadotrophin binding to luteal tissue from control (C) and
treated ewes. Data are mean + s.e.m. Values within columns with different
letters were significantly different, (p ( 0.01).

GROUP CONTENT BASAL hCG MAXIMUM dbcAMP MAXIMUM

(pg/mg protein) (jug/g protein) (jug/g protein) (jig/g protein)

92.5+8.7a 12.1+3.2 a 43.5+3.4 a 43.9 + 7.1 a

47.3 + 3.7 b 29.7+4.5b 47.3 + 4.4 a 46.2+6.3a

TABLE 8.4. Progesterone content and production in vitro under either
basal conditions or when maximally stimulated with hCG or dbcAMP. The data
are means + s.e.m.. Values within the same column with different letters
are significantly different, (p <1 0.05).
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mean + s.e.m). The corpora lutea of the treatment group were,

however, significantly heavier than controls (191 + 23mg compared

with 2.8Q + 26 mg f p ( 0.01]). Corpora lutea from treated ewes also

exhibited increased luteal cell volume, greater total cell number

(as calculated from f)NA concentrations) and greater surface area of

vasculature (Table 8.2).

8.3.3 hCG Binding

Free hCG binding was significantly lower in treated ewes

compared with controls. However, this was largely due to increased

concentrations of endogenously-bound hormone. Total LH receptor

concentrations were not significantly different between groups

(Table 8.3).

8.3.4 In Vitro Steroidogenesis .

Tissue from treated ewes contained significantly higher

concentrations of progesterone initially, and produced significantly

more under basal conditions (Table 8.4). There was however, no

difference between groups in the maximal response to hCG or dbcAMP

(Table 8.4). The sensitivity of the tissue to hCG was similar

between groups as judged by the (Table 8.3 and Fig 8.3).

8.4 DISCUSSION

Treatment of ewes with BFF caused marked suppression of FSH
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and, presumably via the reduced negative feedback of oestradiol on

LH secretion, elevation of LH concentrations in the peripheral

plasma. These elevated concentrations of LH led to higher

concentrations of LH endogenously bound to receptors and higher

concentrations of progesterone in the peripheral plasma. There was

no effect on total receptor numbers. Neither was there any effect on

sensitivity of the tissue to hCG. The only in vitro steroidogenic

parameter altered by BFF treatment was basal progesterone

production, and this could probably be explained by the higher

concentrations of endogenously-bound hormone in treated ewes.

In contrast to the in vitro steroidogenesis and hCG binding,

the structural composition of corpora lutea showed marked differences

between treated and control ewes. Treated ewes showed greater total

cell number (T)NA concentrations), greater luteal cell number and mean

cell volume and greater surface area of vasculature. Tt is

difficult to interpret cause and effect from these observations.

For instance, increased concentrations of LH may cause luteal cell

growth by direct interaction with LH receptors on those cells, or

the effect may be secondary to the increased blood supply.

These results would suggest that although luteal structure can

be modified by altering the concentrations of LH during the luteal

phase, these structural alterations are not accompanied by any

major changes in luteal function.
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9.1 The normal corpus luteum.

Although the major emphasis of this study has been the

situations where luteal function is inadequate, it was considered

important to first examine normal luteal function; in particular to

estimate luteal sensitivity to gonadotrophin, capacity for

progesterone production in vitro, and structural composition of

the corpora lutea.

Q.1.1 Luteal Maturation.

As the corpus luteum is a transient organ whose steroid

production and structure change markedly over the period of a few

days, it was considered particularly important to study these

parameters at several stages of the luteal phase.

In general terras, the results of our study confirmed those of

Niekman et al. (1978a). We found an increase in plasma progesterone

concentrations, luteal weight and total hCG receptors per corpus

luteum from day 3 to day 12 of the luteal phase. In addition we

observed an increase in the weight of the ovary bearing the corpus

luteum, which was not entirely due to the weight of the luteal

tissue. Neither could this be explained by the influence of some

factor in the systemic circulation, as the contralateral ovary

showed no such increase in weight. The increase in weight of the

luteal ovary may possibly be attributed to the increasing

vasculature supplying the corpus luteum. As already mentioned (1.5),

the blood flow to the ovary bearing the corpus luteum increases from

1 ml/min to 7 ml/min over the first half of the luteal phase

(Niswender et al.,1976). Thus, some local angiogenic factor(s) may
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be responsible for the observed increase In weight. The corpus

luteum itself undergoes extensive vascularization during the

luteal phase; a process which is accompanied by considerable

increases in luteal DNA content.

Rchwall et al. (1986) reported that during the luteal phase

the number and mean size of the steroidogenic luteal cells

increased. We observed a similar increase in mean cell size and,

using cell size as the only criterion for classification, luteal

cell number. These data offer no proof of luteal cell

proliferation, but do suggest that some cells which are classified

(by size) as small cells on day 3 become large cells by days 6 and

12.

The increase in luteal LH receptor concentrations during the

luteal phase, together with the increasing degree of

vascularization, presumably act together to maintain receptor

occupancy despite falling concentrations of plasma LH (Niswender et

al., 1968). However, the increasing receptor concentrations were not

associated with any change in the sensitivity of the tissue to hCO

in vitro (Fig. 3.4).

Basal progesterone production in vitro was higher in tissue

collected early in the luteal phase, possibly due to the higher

percentage occupancy of LH receptors at this stage. However, the

maximum capacity for progesterone production (as judged by dbcAMP

stimulation) increased throughout the luteal phase.

9.1.3 Influence of Ovulation Rate

The observations that increases in ovulation rate were

accompanied by disproportionately small increases in the
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concentrations of progesterone In the peripheral plasma (Ouirke et

al., 1171; Pindon et al., 1981; Sheridan et al. , 1975), suggests that

there may be some influence of ovulation rate on luteal function.

Tri this study, we found no effect of ovulation rate on

progesterone production in vitro, either basally or when

stimulated with hCG or dbcAl'P. However, hCO-sensitivity was not

measured, and so differences in this parameter could still explain

the observed similarity of plasma progesterone concentrations

produced by a wide range of weights of luteal tissue per animal.

Another possible explanation is that the sensitivity of the

progesterone feedback on LH secretion might allow only a certain

maximum progesterone concentration in the plasma. This hypothesis

could only be tested by perturbing the feedback system in some way.

The generation of high ovulation rates in the experiment

detailed in chapter Ij. allowed the direct comparison of corpora lutea

within the same ovary. Unlike the corpora lutea of the pig, which

show marked variability within the same ovary and between ovaries

(Rao and Hdgerton, 1984), multiple ovine corpora lutea from the same

ovary were very similar in size, hCG receptor concentration and

progesterone production in vitro. This difference may reflect

differences in the select i.on of follicles being ovulated; the pig

may select follicles at a wide range of stages of maturity, while in

the sheep there may be ovulation of follicles at a more synchronous

stage of development.
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9.2. INADE01TATR CORPORA LTTTFA

Inadequate luteal phases have been described both clinically

(Coutts, 1985) and in the sheep Following induced ovulation during

anoestrus (Crighton et al.,1973; Haresign et al., 1975; McNeilly

and Land 1979; McLeod et al., 1982a; McNatty et al., 1984).

However, the mechanistic basis for, and causes of such inadequacy

are still poorly understood.

9.2.1. Basis of Luteal Inadequacy.

Several studies have reported that inadequate corpora lutea are

smaller than those of the breeding season, and concluded that this

difference in luteal size could contribute to the lower plasma

progesterone concentrations (McNeilly et al., 1981; O'Shea et al.,

1984). Our results confirm this observation. However, the

involvement of this smaller size as one of the causal factors in

luteal inadequacy is argued against by the observation that induced

adequate corpora lutea, whilst being the same size as inadequate

corpora lutea, produce normal levels of progesterone. Indeed,

luteal weight appears to be a feature of the gonadotrophic

environment in which the corpus luteum develops (see Chapter 8).

O'Shea et al. (1984) also suggested that the smaller size of

luteal cells may contribute to luteal inadequacy. However, our

results would again refute this claim. There was no significant

difference in mean luteal cell size between induced adequate and

induced inadequate corpora lutea.
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The only structural feature which appeared to be correlated to

luteal inadequacy was the surface area of vasculature. On day 12

this was significantly less in inadequate compared with adequate

corpora lutea. No such difference was observed on day 4. Thus, the

extent of vascularization, whilst possibly contributing to luteal

inadequacy, cannot completely explain it.

We observed a marked difference in the response of adequate and

inadequate corpora lutea to exogenous oLH in vivo. Adequate

corpora lutea responded with enhanced progesterone secretion.

Inadequate corpora lutea showed no such response. This difference

was irrespective of breeding season, and occurred on both day 3 and

day 11 in Welsh Mountain ewes (see Chapter 7).

This lack of response to oLH in vivo cannot be explained

purely by differences in vasculature as it was observed on day 3,

and the surface area of vasculature was not different between groups

on day 4. A more acceptable explanation is the decreased

sensitivity of inadequate luteal tissue to gonadotrophin.

hCC sensitivity in vitro was 10-fold lower for inadequate than

for adequate luteal tissue. This was the case for all Welsh Mountain

ewes studied, and all Scottish Blackface ewes except the group killed

late in the breeding season (which will be discussed below). This

shift in sensitivity is unlikely to have been due to differing receptor

levels as 1) receptor levels were similar between groups on day 4,

and, 2) the marked increase in luteal LH receptor concentrations seen

during the luteal phase of all adequate corpora lutea was not

accompanied by any shift in the sensitivity of the tissue to hCG

in vitro. Neither was the altered sensitivity due to arty defect

in the absolute capability of the luteal tissue to produce
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progesterone, as indicated by the similar response to dbcAMP

exhibited by both adequate and inadequate luteal tissue.

Thus, it would appear that in inadequate corpora lutea there is

some functional block between hormone receptor interaction and the

stimulation of adenylate cyclase activity. The nature of this block

remains to be elucidated. However, as one of the proposed

mechanisms of PGFm -induced luteolysis is the functional uncoupling

of the receptor-adenylate cyclase complex (see 1.5.5.1), it might be

suggested that in the inadequate corpus luteum a proportion of these

complexes are already uncoupled, so reducing sensitivity to LH and

making the tissue more susceptible to the luteolytic action of low

doses of POF2X (Southee et al•, 1985).

9.2.2 Aetiology of luteal inadequacy.

It has been suggested that sub-optimal gonadotrophic support

during the luteal phase may explain luteal inadequacy in ewes

induced to ovulate during anoestrus (O'Shea et al., lq84). However,

the observation of adequate luteal phases during anoestrus suggests

this may not be the case. There is no reason to assume that LH

concentrations should be higher in the groups producing adequate

corpora lutea. Indeed, the data from Blackface ewes suggests that

adequate luteal function during anoestrus was associated with

marginally lower LH concentrations than was inadequate luteal

function, perhaps due to the negative feedback effects of

progesterone. It seems more likely therefore, that the sensitivity

of the luteal tissue to LH is determined during the follicular

phase.

Group 2 in chapter 7 (Blackface ewes, late breeding season)
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showed decreased sensitivity to hTT in vitro, and yet had

adequate levels of progesterone in the plasma. This may have been

due to the 5-fold decrease in sensitivity being insufficient to

cause inadequate luteal function. Alternatively, perhaps for

inadequate luteal function to result in vivo, requires the

combination of decreased sensitivity to gonadotrophin, and reduced

gonadotrophic support.

The follicular phase factors resposible for determining

subsequent luteal sensitivity to gonadotrophins, and hence the

adequacy of luteal function, remain unclear. Although our data

cannot exclude the possibility that progesterone priming of the

follicles is an essential pre-requisite, we would suggest, for

Welsh Mountain ewes at least, that any such effect is insufficient

to ensure adequate luteal function.

A more acceptable hypothesis, based on the data presented here,

is that for adequate luteal function to occur, the follicle must be

exposed to a gonadotrophic stimulus of suitable duration

(approaching the length of the normal luteal phase) before

ovulation. The precise aspects of follicular maturation which are

critically influenced by such exposure remain unclear. However, it

seems unlikely that follicular cell number, size, or LH receptor

concentrations are important, as there were no observed differences

in these parameters for luteal cells from induced adequate and

inadequate corpora lutea.
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APPENDIX I

Optimisation of incubation conditions.

In order to establish the optimum duration for incubation of luteal

tissue, time course trials were carried out. these were performed

on pools of luteal tissue collected from the slaughterhouse. 12

corpora lutea, judged to he from the mid-luteal phase were minced as

described previously (Ch.2), and the minces pooled. From these

pools, 100 yul aliquots were incubated in a final volume of 1 ml of

either M19Q alone, or with 10 or 10 ' ITj/ml hCG (Chorulon). 24

tubes were set up for each condition. These were then placed in a

shaking water bath at 37 "c and duplicates of each incubation

condition removed at 30 min. intervals. In addition, 3 dose
_ l 2.

response curves for hCG (10 to 10 IlJ/ml hCG in 10-fold dilutions)

were incubated in triplicate; one was removed after 2.h incubation,

the next after 4h, and the last after fib.

On removal from the water bath, the medium was decanted into

seperate tuhes and frozen until assayed for progesterone. The

tissue was also frozen until homogenized and assayed for protein.

Progesterone production was then expressed per rag of protein.

This whole procedure was carried out on three seperate

occasions and the results meaned.

RESULTS

After an initial lag period, progesterone production was

linear with time at all doses of hCG until around 4h of incubation.

From this point production by the groups exposed to the highest dose
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Time (h)

Figure A.I. Time course for progesterone production jin vitro

when tissue was incubated in the absence of, or with two doses of

hCG. Data are mean + s.e.m. of three sets of duplicate incubations.
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hCG lU/ml

Figure A.2. Dose response curves for hCG incubated for three

different time periods. Data are mean + s.e.m. of three sets of

triplicate tubes.
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of hCG was diminished. Production from the other groups all showed

some decrease between 4 and 6 hours of Lncubation, this decrease

occuring later in groups exposed to lower concentrations of hCG,

(Fig. A.1).

This difference between groups in the period of incubation

before any reduction Ln progesterone production was observed, is

reflected in the dose response curves for hCG. As the duration of

incubation was Increased, so the difference between basal and

maximal production was reduced, (Fig. A.2).

On the basis of these results it was decide to use a standard

incubation time of 2 hours as this was well within the linear phase

of progesterone production at all doses of hCG.
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Appendix II

Validation of hCG Binding Assay.

For the validation of the binding assay, aliquots of luteal

homogenate were incubated with 100,000 cpm of ['^Ij-hCG at either

4, 20 or 37°C for variable periods of time from 15 min to 24 h.

Maximum binding was achieved by 8 h at all temperatures, and

equilibrium was maintained until 24 h (fig A3). For convenience all

subsequent assays were carried out for 16 h at 20aC. When the pH of

the incubation system was varied, maximum binding was achieved at pH

6 (fig A4). This pH was therefore adopted for all subsequent

assays. A Scatchard plot (fig A5) of the results obtained when

aliquots of luteal homogenate were incubated with increasing

concentrations of labelled hormone, indicated the presence of only a

single class of binding site, with an affinity constant (Ka) of 2.9

+ 0.2 X 10,V M~\ Maximum levels of binding were obtained using

either millipore filtration or polyethylene glycol precipitation.

Centrifugation at 2,500g only recovered 40% of this binding.

Displacement curves were performed with increasing

concentrations of hCG, human, ovine, and bovine LH, and human and

ovine prolactin (fig A6). Prolactin showed no competition for hCG

binding sites. Bovine and ovine LH inhibited binding of I]-hCG

in a similar manner. However, much higher concentrations of human

LH were required to produce 50% displacement of labelled hCG.

Validation of Measurement of Endogenously Bound LH.

In order to establish the optimum conditions for elution of

bound LH, aliquots of luteal homogenate were incubated with 100,000



time (hours)

Figure A.3. Tiraecourse for hCG binding at 3 different

temperatures.

PH

Figure A.4 Effects of pH on specific binding and non-specific
binding of hCG to ovine luteal homogenates.



Figure A.5 Scatchard plots of binding of ['^ I]-hCG to ovine

corpus luteurn homogenate using 3 methods of separation of bound

hormone.
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*1^
cpm [ I]- hCG, washed, and the amount bound to the membrane pellet

counted. These pellets were then resuspended in 0.1M citrate buffer

at a range of pH. Maximum elution was obtained at pH 3 (fig A7).

This pH was then used for all subsequent elutions.

When luteal homogenates v/ere preincubated as above, and then

exposed to 0.1M citrate (pH 3) for a range of durations before the

addition of 1M Tris HC1 (pH 7.5), maximal elution was obtained by 5

minutes (fig A8). All subsequent elutions were carried out for this

duration.

When increasing quantities of homogenate were acid treated, the

amount of hormone eluted increased in proportion to the amount of

homogenate but the percentage of total bound hormone released

remained constant ( 80%).
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