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STUDIES ON THE CONTROL OF LUTEAL FUNCTION AFD LUTEOLYSIS IN SHALL
RUMINANTS VITH EMPHASIS ON THE ROLE OF THE AUTONOMIC NERVOUS SYSTEK

By J.H.PAYNE BVSc.,MRCVS.

ABSTRACT

In the cow adrenaline and atropine inhibited oxytocin-induced
luteolysis when administered on days 3-6 of the oestrous cycle. In
the goat however, adrenaline was without effect and the results
using atropine were equivocal. This experimental model was also used
to investigate the role of the conceptus on luteolysis. There was no
release of uterine prostaglandin following the oxytocin challenge
13 days following fertile mating but the response reappeared on day
23.

In vitro studies were carried out using collagenase dispersed
caprine luteal cells. Adrenaline did not stimulate progesterone
production a finding which might explain the latter species
difference. Although Luteinizing Hormone (LH) was stimulatory, no
neurotransmitter or related chemical altered progesterone production
from caprine luteal cells. In vivo infusion experiments indicated
that much higher concentrations of adrenaline are needed to alter
progesterone production in goats than are required in sheep;
oxytocin secretion was more readily enhanced.

Further in vitro studies were executed using sheep luteal cells.
These responded to B-receptor agonists and 5-Hydroxytryptamine (5-
HT) with enhanced progesterone production, a finding that is
similar to that reported in cattle. Immunohistochemical studies
indicated that the innervation does not extend into the corpus
luteum but that adrenergic nerves are present in the capsular tissue
predominantly surrounding blood vessels. Immunohistochemistry failed
to demonstrate 5-HT in the ovine corpus luteum but High Performance
Liquid Chromatography (HPLC) studies indicated that endogenous 5-HT
is present; its origins are discussed. Protein gene product 9.5
stained granules within the large luteal cells; this was probably
staining oxytocin-neurophysin. Chemical denervation of ovine ovaries
significantly decreased plasma progesterone concentrations in the
luteal phase suggesting that in ewes the autonomic nervous system
influences progesterone production.

An intraovarian factor, possibly a prostaglandin, has been
thought to be involved in the regulation of luteal oxytocin
secretion by uterine prostaglandin F2a. We investigated this
possibility using hysterectomised, indomethacin treated ewes and
concluded that the intraovarian factor is unlikely to be a product
of the cyclo-oxygenase pathway.

Lastly, to aid in the interpretation of earlier results, the
role of the autonomic nervous system on uterine prostaglandin
production was investigated in ovariectomised, progesterone primed
sheep. Results indicated that although atropine may have a short
term effect on uterine prostaglandin release, it is unlikely that
the cholinergic nervous system or adrenergic nervous system have any
significant effect at this level during luteolysis in ewes.
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Chapter 1

GENERAL INTRODUCTION

It has been known for many decades that the autonomic nervous system
performs roles in reproductive physiology. Many teams of research
workers have investigated its role in regulating functions in the
the hypothalamus, the pituitary, the ovaries and the uterus. In the
earlier studies relating to ovarian and uterine function, much of
the work has concentrated on the contractile responses of these
organs. These studies have led to the development of some important
clinical applications, such as the use of f-sympathomimetics to
relax the uterus and delay pending parturition, or to facilitate
surgery. However, comparatively few studies have investigated the
role of the autonomic nervous system on endocrinological events in
the reproductive cycle. This is partly due to the later development
of the techniques necessary to measure hormone concentrations and to
the difficulty in interpretation of the results obtained. The
literature review in this chapter will cover, in detail, the more
recent developments in this field, but first a brief outline of the
autonomic nervous system will be made; this should help to clarify

terminology subsequently used in these studies.

THE AUTONOMIC NERVOUS SYSTEN
The autonomic nervous system (A.N.S.) is comprised of two divisions:
1)the sympathetic or adrenergic division

2)the parasympathetic or cholinergic division.
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The distribution is made solely on the anatomical basis of the site
in the central nervous system (C.N.S.) in which the cell body of the

preganglionic autonomic axon is located.

In general, the A.N.S. 1is concerned with the maintenance of
homeostusis by regulating activities of the heart, vascular,
bronchial and  visceral smooth muscle, secretions and some
temperature regulating mechanisms, Often, the A.N.S. influences

rather than initiates the mechanisms.

Stimulation of the sympathetic division produces a response that
prepares the body for emergencies ‘'fear, fright and flight'.
Stimulation of the parasympathetic division prepares the body for
more sedentary activities, There is no reason to believe that this
trend will not also be applicable when considering the involvement

of the A,N.S, in ovarian function.

All the spinal and lower brain stem autonomic centres are controlled
and coordinated by nuclei in the hypothalamus. The hypothalamus also
has connections with other higher centres such as the limbic system
which is particularly concerned with emotional expression.
Electrical stimulation of the amygdala, a limbic structure, evokes a
mixture of sympathetic and parasympathetic reactions, respiratory
responses and hormonal secretions. Anatomically the hypothalamus is
situated close to the pituitary gland and has neural connections to
the posterior pituitary and a direct vascular connection to the
anterior pituitary via the hypophyseal portal system. The

hypothalamus plays an important role in the regulation of



reproduction and produces releasing and inhibiting factors that

control the anterior pituitary trophic hormones.

1)Humoral mechanisms in the C. N.O,

At most junctions in the peripheral nervous system chemical
transmission is brought about by acetyl-choline (ACh) and
noradrenaline. Both sympathetic and parasympathetic divisions
utilise ACh as the preganglionic neurotransmitter. However
noradrenaline is predominantly released from postganglionic fibres
in the sympathetic system and ACh from parasympathetic

postganglionic fibres,

The chromaffin cells of the adrenal medulla are closely related to
autonomic ganglia cells. Since the adrenal medulla is innervated by
preganglionic sympathetic fibres it is usually considered to be a
post-ganglionic part of the autonomic nervous system. Adrenaline is

directly released from the adrenal medulla into the blood stream.

In the central nervous system chemical transmission is brought about
by several different compounds: acetyl-choline, serotonin (5-HT),
ergothioneine, histamine, mono and dicarboxylic aminoacids. In the
hypothalamus, a coordinator of reproductive functions, 30% of tested
neurones responded to ACh and the remaining percentage responded

primarily to the monoamines, serotonin, noradrenaline and dopamine,

Histamine is also present in high concentrations in the
hypophysis and pituitary although there has, until recently, been

little evidence for its role as a transmitter.



Table 1.1

Neurotransmitter Receptor Secondary receptor
messenger antagonist
(examples)

Catecholamines

acetyl-choline

serotonin

dopamine

histamine

adrenoceptors
alpha (1 & 2)
beta (1 & 2)

nicotinic
muscarinic

S-HT 1
S5-HT 2

D1&2

H1
H

phosphoinositides phentolamine
cAMP propranolol
phosphoinositides atropine

cAMP mianserin
phosphoinositides mianserin

cAMP haloperidol

CAMP




2)Receptors

In order to have an effect neurotransmitters have to act on specific
receptors. The binding of ligands to their receptors activates
secondary messengers within the cell, two examples of which are the
cyclic AMP and the Ca®** polyphosphoinositide protein kinase C
systems. These secondary messengers in turn bring about a series of
biochemical changes within the «cell which results in the

modification of functions performed.

Table 1.1 lists the receptors that will be mentioned during the
study, indicating the secondary messenger that is most commonly
associated with a specific receptor type. The right hand column

lists some of the receptor antagonists employed in this study.

REVIEV OF THE LITERATURE

INTRODUCTION TO THE OESTROUS CYCLE

The ovarian cycle is represented by follicular and luteal phases,
separated by ovulation. At ovulation the mature antral follicle
ruptures and the ovum is released into the fallopian tube. The cells
remaining from the ruptured follicle proliferate and form the corpus
luteum. The corpus luteum dominates the luteal phase of the ocestrous

cycle,

1)The corpus luteum
There is evidence that granulosa and thecal cells from ovulating

follicles are incorporated into developing corpora lutea. These make

up the two types of steroidogenic luteal cells that have been found
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to be present in many mammalian species including the cow (Foley &
Greenstein, 1958; Priedkalns and Veber,1968; Urseley & Leymarie, 1979;
Koos & Hansel,1981; Chegini et al.,1984; Fields et al.,1985), dog
(Abel et al.,1975), human (Crisp et al.,1970; Chegini et al.,1988),
rabbit (Hoyer et al.,1986), rat (Wilkinson et al.,1976; Nelson &
Khan, 1987), rhesus monkey (Gulyas et al.,1979), sheep (0'Shea et
al.,1980; Fitz et al.,1982; Rodgers & 0'Shea,1982; Rodgers et
al., 1983,1984), sow (Corner,1919; Lemon & Loir,1977) and whale

(Mossman & Duke, 1873).

Recent structural and histochemical observations support the concept
that granulosa cells give rise to developing large luteal cells,
while the distinctive population of small luteal cells appears to be
derived from the theca interna (0'Shea et al,1980; Donaldson &
Hansel, 1965; McClellan et al.,1975). VWarbritton (1934) had suggested
that small 1luteal cells transformed into large luteal cells and
there is also recent evidence ta support this, Small luteal cells
may under natural (cow: Alila & Hansel,1984) or experimental (ewe:
Cran, 1983) conditions differentiate into cells resembling the
granulosa-derived large luteal cells. Data based on counting large
and small luteal cells, categorised on the basis of cell diameter
(Fitz et al,,1981) also support the idea of differentiation of
small luteal cells into large luteal cells during the last part of
the oestrous cycle. Another hypothesis is that mitotically-active
stem cells (those unidentified in morphological terms) differentiate
into small luteal cells and then mature to large luteal cells
(Niswender et al.,1985). However, this requires that large luteal
cells either continue to increase in number or die or are replaced

and since there is no death until luteolysis and mitotically active



shows some of the differences in luteal cell Lypes. Data shown is for the ruminant species only.

SMALL LARGE
SIZN:
sheep (Fitz et al, 1942) 12-22pm 43-35um
goat (Azmi & Bongso, 1985) 10um 19-25um
bovine (Eoos & Hansel, 1981) 10-20pm »25pm

MORPHOLOGY:
sheep (Rodgers & O'Shea, 1982)
goat (Azmi & Bongso, 1985)
bovine (Archbald etel, 198 1; Koos & Hansel 1981)
RECEPTORS:
OXTYTOCIN
PROGESTERONE:

acentric, deeply indented cup-shaped nuclei with
heterochromatin lining nuclear envelope

pleomorphic mitochondria.

rough & smooth endoplasmic reticutum.
smooth surfaced except for microvilll.

central region has paired centrioles and large goigi complex
LH receptors

basal production low but when incubated with LH,
P4 synthesis increases a lot (Rodgers et al, 1983).

central round nuclei with dispersed chromatin and a distinct
aucleolus.

2 types of mitochondria.

extensive smooth endoplasmic reticulum.
convoluted cell surface.
contain smail electron dense granules.

PGF 2 receptors: ewe (Fitz et al, 1982).
beta- adrenergic receptors: ewe (Rodgers ot al, 1985).

secrete oxytocin: buffalo (Fields, 1986); ox (Guldenaar et al,1984); sheep
(Rodgers et al, 1985).

basal P4 high. Unresponsive to incubation with LH (cow: Koos &
Hansel, 1981).

membrane bound secretory granules that contain progesterone
{ewe: Gemmel ot al,1974; Sawyer et al,1979).
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cells are not present between days 9-13 (McClellan et al.,1975),
this latter explanation is unlikely. More recent studies suggest
that small luteal cells increase in number but not size during the
oestrous cycle in ewes and large luteal cells increase in size but
the number remains constant (Kenny et al.,1989). The correct theory

remains to be determined.

The two cell types vary in size, shape, morphology and function.

Some of these differences have been highlighted in table 1.2.

The role of the corpus luteum

Vith the onset of the luteal phase of the oestrous cycle there is a
marked increase in progesterone secretion accompanied by a variable
yet severe fall or even loss of the capacity for oestrogen and
testosterone secretion (Dorrington,1977). Progesterone is necessary
for the establishment and maintenance of pregnancy in mammals (Heap

et al,,1973; Amoroso & Perry, 1977).

In both pregnant and non pregnant animals the ability of the corpus
luteum to secrete progesterone depends on the trophic hormones of
the pituitary. There is not a single +trophic hormone for all
species. In some it may be luteinizing hormone (LH), in others
prolactin or combinations of these as in sheep and goats. The
secretion of the trophic hormones is in turn regulated by the

feedback of progesterone onto the hypothalamus and/or pituitary.

The necessity for a functional corpus luteum to maintain pregnancy
is variable. In goats the corpus luteum lasts for the entire

pregnancy, whereas in sheep the corpus luteum is necessary for the



first fifty days of gestation only (Casida & WVarwick,1945). If
pregnancy is not achieved the corpus luteum regresses allowing the
female a chance to ovulate again. Regression, a process more
commonly referred to as luteolysis, is influenced by the release of

uterine prostaglandins in many species (Horton & Poyser, 1976),

2)Luteolysis

a) Prostaglandin Faa

The mechanism by which PGF2a exerts its luteolytic effect is
controversial. Originally it was thought to be caused by the
constriction of blood flow in the utero-ovarian vein (Pharriss et
al.,1970). The alternative hypothesis was that there was a direct
action of PGF2x on the cells of the corpus luteum (McCracken et
al.,1972), This has gained support more recently (Henderson &

McNatty, 1977; Thomas et al.,1978).

Prostaglandin F2a is secreted from the uterine endometrium. In
the ruminant it is transported to the ovary via a counter current
transfer mechanism (McCracken et al.,1971,1972). PGF2a binds to
receptors predominantly in the large luteal cells of the corpus
luteum. This results in a precipitous fall in the secretion of
progesterone; the mechanism is not fully understood but one
hypothesis suggests that PGF2a, although it still allows the entry
of lipoprotein cholesterol into the cell, prevents its utilization

for steroidogenesis (Pate & Condon, 1989).

Exogenous PGF2a can be used to induce luteolysis in several species

and has become a useful managerial tool in the regulation of the
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oestrous cycle, particularly in farm animals. However young corpora
lutea appear to be unresponsive to the effects of PGF2a, Table 1.3

summarises species differences of young corpora lutea to PGF2a.

b) Oxytocin

Oxytocin is present in the corpus luteum. It is produced from a
precursor containing both oxytocin and neurophysin and oxytocin
appears to be stored in the large luteal cells of the corpus luteum
(Wathes et al.,1984). The regulation of the synthesis and secretion
of ovarian oxytocin and its physiological role remain poorly
understood. It has been suggested however that a modulation of
luteal oxytocin release by prostaglandins may be involved in
prostaglandin stimulated luteolysis (Flint & Sheldrick, 1983,1986) or
an intraluteal cell to cell communication (Niswender et al., 1985;

Shams, 1987).

3)The nerve supply to the ovary and corpus luteum

There is substantial extrinsic innervation to the mammalian ovary
(Neilson et al.,1970) associated with blood vessels, forming
plexuses around primary follicles, entering the membrana granulosa
and maturing and mature follicles (Fink & Schofield,1971); these
nerves are predominately adrenergic with some cholinergic nerves.
The adrenegic innervation is particularly rich in the cat, cow,
guinea-pig and sheep. It 1is sparse in the hamster, mouse and
rabbit. Cholinergic fibres are extensive in the cat, cow and sheep

(Stefenson et al., 1981).
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Table 1.3

The responsiveness of corpora lutea from different species to the
luteolytic effects of prostaglandin F2ec.

Species Time response appears Reference

Cat afterday 11 Shille &Stabenfeldt,1979.

Cow after day 4-5 & Donaldson et al., 1965;

before day 9 Rowson et al.,1972;

Henricks et al.,1974.

Dog after day 8 Concannon & Hansel, 1977.

Horse after day 4 Allen & Rowson,1973.

Human after day 5 Henderson & McNatty,
1977, Hamberger et al.,,
1980.

Pig after day 10 Hallford et al.,1975;
Krzymowski et al.,1978.

Rat between days 3-7 Khan et al.,1979.

Sheep after day 3,4 or 5 Hawk & Bolt,1970;

Mellin & Busch, 1976;
Acritopolous & Haresign,
1980.




12.

In addition to an extrinsic innervation there may be some intrimsic
catecholamine elements. 25% of ovarian noradrenaline content is
sustained after both nerves are severed in the rat (Lawrence &
Burden, 1976) and in this species the principal catecholamine in the
ovary is noradrenaline with a little dopamine and adrenaline (Bahr &
Benjonathan, 1981; Morimoto et al, 1982). Cattle ovaries have a high
noradrenergic innervation, with high concentrations of dopamine,
both located primarily in the stromal region; levels in the corpus
luteum are low and show no cyclical variation (Denning-Kendall et
al.,1990)., Battista et al,(1989) demonstrated that exogenous
dopamine could be converted into noradrenaline in bovine luteal
tissue although previously Battista & Condon (1986) had failed to
detect adrenaline and noradrenaline in the bovine corpus luteum but

had detected serotonin.

Findings on the innervation to the corpus luteum have been
contradictory. Adrenergic nerves have been observed in the corpus
luteum of the cat (Jacobowitz & Wallach, 1967; Rosengren & Sjoberg,
1967; Owman & Stefenson, 1974). Other mammalian species were found
not to have innervated corpora lutea (Unsicker, 1974). Nerve
terminals lying in the tissue margin of the corpus luteum have been
thought possibly to influence secretion from cells lying deeper
(Burden & Lawrence, 1977). Nerve terminals also occur among ovarian
interstitial cells in the rat (Unsicker, 1974). These nerves appear
to increase in number during pregnancy and could influence steroid

secretion (Lawrence & Burden, 1976).



a)Ihe uterus

In most species the uterus is primarily innervated by post-
ganglionic noradrenergic fibres from the sympathetic nervous system
which originate from cell bodies in the lumbar and mesenteric
ganglia (Marshall,1981). In the rat there is both adrenergic and
cholinergic innervation. In the pregnant and non-pregnant rat uterus
adrenergic fibres predominantly innervate blood vessels while
cholinergic fibres supply both uterine smooth muscle and blood
vessels (Hervonen et al.,1973). Adrenergic nerves in the uterine
wall disappear near term during pregnancy in humans (Marshall,1981)
and cholinergic nerves do likewise in the rat (Garfield,1986). An
absence of adrenergic nerves had no significant effect on
implantation, pregnancy or parturition in the rat (Roche et

al., 1985).

In certain species both uterine distension and oxytocin cause
contraction of the uterus and are able to alter the length of the
oestrous cycle. Whether the cycle is shortened or lengthened depends
on the stage of the cycle that the stimulus is apparent. An
intrauterine device shortens the ocestrous cycle in the cow, ewe,
guinea-pig and goat by interfering with the development and
maintenance of the corpus luteum. The hamster, human, monkey, pig
and rat are unaffected by an intra-uterine device. In the ewe the
cycle is decreased if the intra-uterine device is placed into the
uterine horns between days 0-3 (VWodzica-Tomaszewska et al.,1974);

after day 3 the cycle is either unaffected or prolonged. However, if
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the distended uterine segment is demervated there is no alteration
of the oestrous cycle length (Inskeep et al.,1962; Moore &

Nalbandov, 1953; Nalbandov et al., 1955),

Pharmacological doses of oxytocin administered early in the cycle,
days 3-6, induce 1luteolysis and a precocious oestrus in cows
(Armstrong & Hansel,1959) and goats (Cooke & Knifton,1981), an
effect that does not occur when treatments are administered on days
0-4, 7-13 and 15-22 (Hansel & Vagner, 1960). Oxytocin has been shown
not to have a luteolytic effect at any time in the mare (Neely et
al.,1979), pig (Duncan et al.,1961), rat (Brinkly & Nalbandov, 1963)
and guinea-pig (Donavan,1961). In the sheep oxytocin does not induce
luteolysis (Milne,1963) although it is still thought to be involved
in the mechanism controlling luteolysis since active immunisation
increases the length of the oestrous cycle (Sheldrick et al.,1980;
Schams et al.,1983). The Iluteolytic action in cattle could be
inhibited by adrenaline (Black & Duby,1965), atropine (Armstrong &
Hansel, 1959; Black & Duby, 1965), noradrenaline (Auletta et al., 1972)
and reserpine (Armstrong & Hansel,1959), but not by isoproterenol

(Auletta et al.,1972).

Both distension (Spilman & Duby,1972;Pexton et al.,1973a) and
oxytocin (Milvae & Hansel,1980; Cooke & Homeida,1982,1983) cause

PGF2«x to be released from the uterus .

Adrenaline also affects uterine activity. In the ruminant the
original findings were contradictory. An inhibitory response was
reported in pregnant and non pregnant cattle (Thienes, 1928;

Alexander,1945), in pregnant sheep (Gunn,1944; Alexander,1945) and
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in pregnant goats (Newton, 1934; Gunn,1944). Both excitatory and
inhibitory responses in the non pregnant cow (Cupps & Asdell, 1944)
and in pregnant sheep (Ambache & Hammond, 1949) and just excitatory
responses have been reported in the pregnant cow (Sommer,1932) and
non-pregnant ewe (Gunn,1944). Adrenaline prevented oxytocin-induced
contra~tions in the cow (Vandermark & Hays, 1951) and pregnant sheep

(Flint et al.,1974).

b) Ihe ovary

Transplantation of the ovaries and uterus, the equivalent to
removing the extrinsic innervation, did not alter the oestrous cycle
pattern (Burden, 1978 ). In sheep, separate transplantation of the
ovary and uterus resulted in a persistant corpus luteum with a
strong reaction for acetyl-choline esterase (AChE). It was
hypothesised that the AChE might be related to the lifespan and
function of the corpus luteum (Harrison et al.,1974). In the pig
there is a relationship between AChE activity in the ovary and
ovarian steroid hormones which could be involved in the regulation
of ovarian blood flow during the oestrous cycle (Lakomy et

al.,1984),

Vagotomised rats with both ovaries intact had disrupted ovarian
cycles. Vagotomy depressed LH and FSH in hemiovariectomised rats,
results which suggested a functional role for the vagus nerves in
normal cyclical activity and gonadotrophin secretion (Burden &
Lawrence, 1977). Adrenergic control of the ovary is provided by both
the adrenal medulla as well as adrenergic nerves. Suppression of
circulating adrenaline by the removal of the adrenal medulla delayed

the onset of puberty in the rat (Aguado et al.,1982), Adrenalectomy
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lowered plasma progesterone concentrations in luteal phase ewes but
did not alter the pattern of release or luteal regression (Schillo
et al.,1989). The ovarian innervation is also involved in the
control of spontaneous ovarian contractions in the rabbit (Weiner et
al.,1977) and possibly in ovulation (Ferrando et al.,1969; Bahr et

al.,1974).

5)Hormones

a) progesterone

The corpus luteum of the cow (Condon & Black,1976; Godkin et
al.,1977) and the sheep (Jordan et al,,1978) and the CL and
granulosa cells of the rat (Harwood et al.,1980; Ratner et al.,1980;
Adashi & Hseuh,1981; Kliachko & Zor,1981; Aguado et al.,1982;
Norjavaara et al.,1982) responded in vitro to B- adrenergic receptor
agonists such as adrenaline, noradrenaline or isoproterenol with
elevated progesterone synthesis and secretion. Sympathomimetic drugs
also increased progesterone secretion in vivo in the anaesthetised
rat (Zsolnai et al., 1982) and cat (Wheeler et al.,1987). Infusion
of a B- adrenergic antagonist, propranolol, decreased progesterone
concentrations in the conscious luteal phase ewe (WVheeler et
al.,1988). In the primate the literature is contradictory: in man,
adrenaline and noradrenaline had no effect on progesterone secretion
by dispersed 1luteal cells (Richardson & Masson,1980; Casper &
Cotterell, 1984) but Bennegard et al. (1984) demonstrated the ability
of noradrenaline to stimulate progesterone in incubated pieces of
human CL. Likewise, Webley et al. (1988) showed that cultured human
granulosa cells when incubated with catecholamines increased
progesterone production. They also found that melatonin stimulated

progesterone and that both the catecholamine and melatonin
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stimulated progesterone could be inhibited by propranolol. Melatonin
did not stimulate progesterone production in the cow (Battista &

Condon, 1986).

Catecholamines enhanced steroidogenesis in luteal cells from the
early pregnant pig and propranolol inhibited this catecholamine-
induced increase but did not affect the basal levels. Basal levels
of progesterone secretion were decreased after pretreatments with

phentolamine (an a- antagonist) (Viesak et al., 1988).

B=—Adrenergic agonists, terbutamine and salbutamol, did not
significantly increase progesterone production, in the cow (Battista
& Condon,1986) and neither practolol <(a pl- antagonist) nor
butoxamine (a B2- antagonist) blocked the isoproterenol-stimulated
increase of progesterone. The alternate pathway catecholamines,
tyramine, octapamine and synephrine, increased basal progesterone
production in cow luteal cells (Battista & Condon, 1986). They also
found that serotonin induced stimulation of progesterone production,
which was inhibited by mianserin (an antagonist) and was probably
acting at 5-HT: receptors and that histamine had no effect on basal

or LH-stimulated progesterone production in bovine luteal cells.

Acetyl-choline did not alter basal or LH-stimulated progesterone
production from luteal cells in the cow (Battista & Condon, 1986) or
from corpora lutea from the human <(Casper & Cotterell, 1984),
Recently acetyl-choline was found to stimulate progesterone
production from bovine luteal cells in vitro (Luck,1989) and from

ewes in vivo (Heap et al., 1989).
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b)cyclic adenosine monophosphate
Cyclic adenosine monophosphate (cAMP) synthesis was also stimulated
by catecholamines: sheep (Jordan et al.,1978), rat (Ratner et
al.,1975; Norjavaara, 1982), bovine (Godkin et al.,1977). Increased
adenylate cyclase activity was reported in the bovine CL when

incubated with adrenaline (Marsh,1970).

cAMP can also stimulate progesterone production when incubated with
luteal cells as can LH. However only at higher concentrations does
LH also increase cAMP production. Propranolol did not inhibit the
ability of LH to stimulate cAMP but did inhibit the catecholamine
stimulation of cAMP and progesterone in the cow (Godkin et al, 1977)
suggesting that the ©bovine luteal cell membrane must possess
steroidogenically functional § -adrenergic receptors which must be
distinct from LH receptors. In the rat f -adremergic stimulation of
ovarian cAMP and progesterone has been shown to be mediated by B=-
receptors (Coleman et al.,1979; Ratner et al.,1980; Adashi &

Hsueh, 1981; Norjavaara et al., 1984).

c) prostaglandins

PGF2a¢ inhibited the catecholamine stimulated cAMP in 3 day old
corpora lutea in the rat (Ahren,1983) but did not inhibit the
catecholamine stimulation of progesterone when incubated under the
same conditions in short-term incubations but prolonged incubation
significantly inhibited catecholamine stimulated progesterone
production. In 5 day old corpora lutea PGF2a inhibited
catecholamine stimulated progesterone and cAMP under the same
minimal conditions. In 1 day old corpora lutea neither cAMP nor

progesterone were inhibited.
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In human luteal tissue in vitro, PGFZa did not exert an anti-
luteotrophic effect wuntil day 4, however in +the presence of
exogenous catecholamine an antiluteotrophic role was obtained
earlier (Hamberger et al.,1980). PGF2«x decreased both LH and
isoprenaline stimulated adenylate cyclase activity in ovine luteal

slices (Fletcher & Niswender, 1982).

An age related effect was also seen by Selstam et al. (1984) when
they showed, in the rat, that the young corpus luteum was more
responsive to catecholamines than to LH with respect to adenylate
cyclase activity but in older corpora lutea LH produced the greater

response.

A resistance of newly formed corpora lutea to the luteolytic effect
of PGF2a 1in vivo has been reported in many species (see table 1.3).
The mechanism behind this is not clear but the lack of PGF2a
receptors in the early luteal stage is one explanation. An increase
in PGF2a receptors with luteal age has been reported in the rat
(Rao et al,1979), In sheep the failure of the early corpus luteum to
respond to PGF2a was put down to a lack of large luteal cells since
PGF2a  receptors are found only on large luteal cells (Fitz et

al, 1982).

d)pxytocin

Oxytocin production from the ovary has also been found to be
influenced by catecholamines in vitro. An enhancement of oxytocin
secretion in the presence of adrenaline and noradrenaline was found
in bovine cultured granulosa cells (Luck & Jungclas,1984). The

stimulation of oxytocin secretion by adrenaline could be blocked
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with propranolol but that of progesterone could not. Noradrenaline
stimulated oxytocin secretion when infused into sheep in the mid

luteal phase (Heap et al., 1989).

Acetyl-choline infusion also stimulated oxytocin secretion from
ovine corpora lutea in vivo (Heap et al.,1989). However in vitro the
effects of acetyl-choline are more variable; Luck & Jungclas (1984)
originally found that acetyl-choline was not able to stimulate
oxytocin production from luteinized bovine granulosa cells in a 24
hour culture but more recently Luck (1989) found that in medium and
long term culture acetyl-choline did stimulate oxytocin production
and that this stimulation was prevented by the addition of atropine,

indicating the involvement of muscarinic receptors.

6)f-adrenergic receptors

The variations observed in the B-receptor population appear to be
age dependant. There was a 3 fold increase in §- receptors during
the first 2-3 days of CL formation in the rat (Norjavaara et
al.,1983). pB-adrenergic receptors changed with the stage of the
oestrous cycle and were correlated with serum oestradiol
concentrations (Jordan,1981). In pigs the adrenergic-receptor
subtypes varied according to age, RBl-receptors being more
predominate in the corpus haemorrhagicum and corpus luteum, whereas
granulosa cells and corpus albicans contained predominately f2-

receptors (Perkins et al.,1986).
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AINS & OBJECTIVES

This study ultimately attempts to further the understanding of
the role of the autonomic nervous system in luteal function and
luteolysis in sheep and goats.

Many early pharmacological studies were carried out in sheep and
cows investigating possible roles for the autonomic nervous system
in reproductive events. Since goats differ from cows and sheep in
several fundamental reproductive mechanisms it seemed interesting to
investigate whether these differences extend to responses involving
the autonomic nervous system. Unfortunately the availability of
goats was a limiting factor and hence studies using this species
were restricted. The influence of early pregnancy on luteolysis is
also investigated using a similar model toc the preliminary study to
investigate the role of autonomic elements in luteolysis.

The ovine studies examine the anatomical distribution of nerves
using up to the minute techniques and look into the effects of
neurotransmitters and related substances as a means of controlling
luteal hormone production during the luteal phase both in vivo and
in wvitro, aiming to gain further insight into receptor types
involved; secondly the role of the autonomic nervous system in
uterine hormone production during luteolysis is examined,

Luteolysis is thought to depend on a close relationship between
uterine prostaglandin and luteal oxytocin secretion. However some
studies indicate a possible involvement of intermediary factors such
as more complex intraovarian events. The role of intraovarian
prostaglandins as a means of controlling luteal oxytocin production

is investigated.































































































































































































































































































































































































































































































































































































































































































































