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SUMMARY

The work included in this thesis describes studies of the cyclic bovine corpus luteum. Both
normal and abnormal luteal structures were investigated using various approaches.

Initially, the formation, maintenance and lysis of the corpus luteum were investigated in a
field trial. Heifers were subjected to two different treatments for the synchronization of
oestrus and their response monitored using ultrasonic examination of the ovaries and
plasma progesterone concentration. Although no difference was found in the pregnancy
rate between the progestogen and the prostaglandin treatments, close examination of the
results indicated that in a proportion of animals the response to both treatments was not as
expected. In particular it was found that the use of a double injection of prostaglandins,
given ten days apart, results in a significantly better pregnancy rate to the synchronized
oestrus when the first injection is administered during a non-luteal phase.

The results obtained led to detailed studies on small groups of cows in which both the
follicular aspect and the Luteinizing Hormone surge were given special attention during
and following similar treatments. The variation in the timing and amplitude of the surge of
Luteinizing Hormone did not hinder conception. However there were indications that
follicular status at the end of progestogen treatments may be involved in delaying the surge
of Luteinizing Hormone.

Subsequently investigations of the structure and function of the corpus luteum were
undertaken using samples collected at a local abbatoir. Gross macroscopic morphology of
the corpus luteum was used as a means of evaluating the stage of the cycle of the animals.
The methods utilized included histology, histochemistry, electron microscopy and cell
culture. The information obtained was compared to results of studies of corpora lutea
formed following an injection of a pfostaglandin analogue during either early or late
dioestrus. In addition the injection of a GnRH analogue during mid-dioestrus was used in
two cows to monitor the formation and function of accessory corpora lutea.

Although no difference in response and formation of luteal tissue could be found between
groups treated differently, there was indications that corpora lutea induced by an injection

of either a prostaglandin F2a analogue or a GnRH analogue have a shorter life-span than

XV




spontaneous corpora lutea. Regressive changes were observed in both histology and
electron microscopy sections from all induced corpora lutea. This was further supported
by the functional insufficiency which was recognized in these structures whenchallenged
in vitro with hormonal agents. Histochemistry did not prove very useful in determining
changes in steroidogenic enzyme activity. However it did show the presence of these
enzymes in both the normal and the abnormal corpus luteum.

It was concluded that further work was needed in this area in order to unveil the molecular
mechanisms controlling formation, function and regression in both the normal and the

abnormal corpus luteum.
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I. INTRODUCTION

In 1897 Beard, the Edinburgh embryologist, ascribed maintenance of pregnancy
and inhibition of ovulation to the corpus luteum a theory which was supported
by Prenant 1898 who suggested that the product of the corpus luteum were
carried in the blood stream. Early in the twentieth century the relationship
between the corpus luteum and the pregnant and non-pregnant uterus was
referred to by Bouin and Ancel (1910) and a year later Loeb (1911) published
evidence showing that enucleation of a corpus luteum hastened the onset of the
next oestrus. In 1923 Loeb observed that hysterectomy of the guinea pig
prolonged the life-span of the corpus luteum (CL) but it was only in the
seventies that Prostaglandin F2a (PGF2a) was identified as the luteolytic agent
(McCracken et al., 1972; Pharriss and Wyngarden, 1969; Thornburn and Nicol,
1971; Douglas and Ginther, 1972 and Rowson et al., 1972).

In the cycling bovine the CL dictates the length of the oestrous cycle.
Maturation and ovulation of a follicle cannot occur while the CL is producing
progesterone. As this important ovarian structure develops from the cells of the
follicular wall after ovulation, the mechanisms which contribute to the
formation of the mature follicle have a profound effect on the subsequent
composition and function of the resulting CL. Therefore an understanding of
the events involved in follicular development is necessary in extending our

knowledge of the development of normal and abnormal CL.



II. THE OESTROUS CYCLE OF THE COW

The oestrous cycle in the bovine varies in length from 18 to 24 days with cows
having a slightly longer interoestrous interval than heifers (Arthur et al., 1989).
The cycle consists of four different periods, viz oestrus lasting 6 to 30 hours,
followed by ovulation; metoestrus the period of CL formation assumed to last
four days; dioestrus, the period when the CL is fully functional, 13-15 days in
length and prooestrus, when plasma oestrogens are increasing and progesterone
is basal (Peters and Ball, 1987a).

Prooestrus is characterized by male-like behaviour ie. the cow attempts to mount
other cows (Webster, 1987). The increase in circulating plasma oestrogens
causes tumefaction and pinkening of the mucosa of the vaginal vestibule. The
lips of the vulva are swollen and can be easily parted (Peters and Ball, 1987b).
As oestrus approaches the vaginal secretions become increasingly fluid and the
vaginal mucosa appears shiny pink in colour. Close observations reveal a slight
cloudy discharge often voided from the vulva at this time, indicating that oestrus
is nearing.

The main ovarian structures identified by rectal examination of a cow during
prooestrus are follicles of varying size but dominated by one large follicle of
more than 1.5 cm. Often the protrusion of the ovulatory papillum is all that
remains of the CL of the previous cycle which at this stage is no more than a
small block of connective tissue easily confused with the remainder of the
ovarian stroma. The most striking palpable feature of the reproductive tract of a
bovine approaching oestrus is the tone of the uterus. This increases markedly as
oestrus nears. During overt oestrus the uterus is at its most turgid status.

Towards the end of prooestrus and during overt oestrus, the horns of the uterus



hapter one

are more difficult to separate than at any other period of the cycle. Even
attempts at separating the two horns by inserting a finger between them
becomes difficult. The behaviour of the cow during prooestrus includes vocal
restlessness and seeking interest from companions. These signs of prooestrus
are obvious if the cow is being watched continually whilst free roaming in a
group of cattle. In general the restlessness is accompanied by repeated butting,
sniffing of other cows, and attempts at resting the chin over the tail end of
others (Kilgour and Dalton, 1984). The most accurate signs of prooestrous
behaviour occur at 6 to 48 hours before standing oestrus. These include the cow
seeking to mount other cows that may or may not be in season. The cow may
become interested in a single partner if the latter is also approaching or in
oestrus, otherwise she attempts to mount several cows. Moreover and
surprisingly the cow approaching oestrus will not allow other cows to mount her
albeit she has been desperately trying to get their interest.

Overt gestrus is characterized by the cow standing to be mounted. This will
continue for as long as 6 to 15 hours and in some extreme cases for up to 30
hours. The end of overt oestrus is not as abrupt as its beginning. The animal if
teased frequently during overt oestrus (e.g. every 2 hours) will show a gradual
decrease in desire to be mounted and starts to take a few steps when mounted.
Finally she will escape any further attempts to be mounted. One important
clinical sign is a vaginal discharge called "bulling string" which differs from the
discharge voided during prooestrus in that it is sparkling clear, copious and so
fluid that it is almost impossible to collect. Twelve to fifteen hours after the end
of standing overt oestrus ovulation occurs spontaneously (Hansel, 1959).
Following release of the oocyte and the follicular fluid the follicular walls
contribute to the formation of the new CL. This phase is called metoestrus.

During the first two days of metoestrus a blood stained vaginal discharge is



present in a large proportion of cows (Peters and Ball, 1987b) and is thought to

represent capillary rupture as a result of the high pressure of the blood flow in
the endometrium triggered by the increased amounts of oestrogens present
prior to ovulation. Formation of the CL requires between 3 to 6 days, and no
behavioural changes are obvious during this phase.

During dioestrus the CL is fully functional and can be palpated in the ovary as by
now it is the size of a large olive with tissue protruding at its apex which

corresponds to the follicular point of rupture ie. the ovulatory papillum.

III. ENDOCRINOLOGY OF THE OESTROUS CYCLE

In cattle follicles grow and regress continuously throughout the oestrous cycle.
However, normally final maturation and subsequent ovulation of a dominant
follicle occurs only after the decrease in circulating plasma progesterone during
late dioestrus (Savio et al., 1988; Sirois and Fortune, 1988). The preovulatory
size of the mature follicle in the bovine varies from 14 to 16.5 mm (Ginther et
al.,, 1989). The changes which take place between lysis of the CL and overt
oestrus involve the cellular components of the wall of the follicle in increased
activity and the secretion of increasing amounts of oestrogens mainly oestradiol-
178 (Chenault et al., 1975). The cellular components of the follicle include the
outer two layers of theca cells separated from the internal granulosa cells by a
basement membrane.

During prooestrus and oestrus the pattern of plasma luteinizing hormone (LH)
changes from that of continuous pulses controlled by the tonic centre in the
hypothalamus to pulses of increased amplitude and frequency culminating in a
peak of LH brought about by activation of the surge centre in the hypothalamus
(Halasz, 1966; Jackson et al., 1978; Rahe et al.,, 1980). The increase in the



pattern of gonadotrophin secretion (LH and FSH) acts on both cellular

elements of the follicle (granulosa and theca cells) and brings about a complete
change in the distribution of receptor-sites on the surface of the cells causing
their accelerated differentiation into highly active steroidogenic cells (Hsueh et
al,, 1984; Ireland and Roche, 1983; Staigmiller et al., 1982). The androgens
synthesized in the theca layers are converted to oestrogens through
aromatization by granulosa cells and secreted into the follicular fluid and hence
into the blood stream (Armstrong and Dorrington, 1977; Fortune and Hansel,
1979). The increasing levels of oestrogens enhance the amplitude and frequency
of the LH pulses which culminate in a surge of LH of more than 30 ng/ml
(Chenault et al., 1975; Martin et al., 1978).

Following ovulation the follicular walls fold inwards so that both theca and
granulosa cells contribute to the formation of the new CL which is completed at
the celluiar level by day seven of the oestrous cycle when the cells stop dividing.
However both increase in size of cells and organization of the tissue is not
definitive until about day nine (Donaldson and Hansel, 1965). During the first
three to five days of metoestrus when progesterone is increasing slowly, LH
secretion is controlled by the tonic centre of the hypothalamus and is
characterized by its "low amplitude-high frequency” pattern (Rahe et al., 1980).
At this time the new CL is refractory to exogenous pharmacological doses of
PGF2a (Rowson et al., 1972; Louis et al., 1973) and the first wave of follicles
occurs (Sirois and Fortune, 1988; Savio et al., 1988; Ginther et al., 1989). Two
small peaks of oestrogens appear during this phase of the cycle (Hansel et al.,
1973). Circulating plasma progesterone is usually between 3 and 6 ng/ml during
the mid-luteal phase (Lukaszewska and Hansel, 1980) and was shown to
fluctuate according to FSH changes (Walters et al., 1984).

In the cow as in the ewe PGF2a produced by the endometrium is thought to



induce luteolysis of the CL. However neither the mechanisms involved nor the

factors which prompt its release during late dioestrus are fully understood. This
is particularly true in the cow (Hansel and Dowd, 1986) in which other luteolytic
factors have been isolated such as products of the lipoxygenase pathway of
arachidonic acid metabolism, in particular S-hydroxyeicosatetraenoic acid (5-
HETE) (Milvae et al., 1986). However, no evidence is available yet to
demonstrate a role of these substances in natural luteolysis.

Some other hormones and factors have been described as playing roles in the
cyclic events in the cow. These include oxytocin which is thought to be involved
in both luteotrophy and luteolysis in this species (Hansel and Dowd, 1986).
Recently inhibin and similar follicular polypeptides have also been shown to
play a major role in follicular turnover in synchrony with FSH (Ireland, 1987;
Findlay and Clarke, 1987). Mechanisms governing this relationship are under
recent investigations but appear promising in revealing some aspects of
endocrine and paracrine interaction in the bovine ovary in particular between
follicles and the CL. Prostaglandin E-2 (PGE-2) and prostaglandin I-2 (PGI-2)
as well as several other products of arachidonic acid metabolism are also
involved in normal luteal function in the cow (Reynolds et al., 1983; Hansel and

Dowd, 1986) and the ewe (Schwall et al., 1986).

IV. THE CORPUS LUTEUM: ORIGIN, STRUCTURE AND
FUNCTION

1. Macroscopic morphology
Following ovulation the follicle shrinks in size from a diameter of 16-19 mm to
one of 5-8 mm. At the point of ovulation, a slight hemorrhage is present. The

protrusion at the point of rupture is reddish in colour. In the bovine the



irregular central cavity formed after ovulation is not normally filled with blood

clot as it is in the case of other species (MacNutt, 1924). Instead the walls of the
follicle collapse under the pressure caused by the contractions of the theca
externa (Gier and Marion, 1961) and form a small central cavity which may be
obliterated later on (Okuda et al., 1988). However in about a third of CLs this
cavity remains after it is walled off by a connective tissue capsule thus producing
a small fluid filled cyst or lacuna (MacNutt, 1924). Usually at the apex of the CL
a protuberance is formed as the result of eversion of the luteal tissue through
the point of rupture before it is covered by the epithelium. However in many
cases this protuberance is absent. A central depression is usually present on the
protuberance indicating the point of rupture of the follicle (MacNutt, 1924).
Ireland et al. (1980) described four readily identifiable changes in the gross
appearance of cyclic CLs at different stages of the cycle, viz. from day one of the
cycle to day four, the point of rupture remains uncovered by epithelium (stage
one). After the point of rupture closes the apex of the CL remains red or brown
for an additional five days (stage two), the rest of the luteal tissue is orange or
tan. CLs of stage three when dissected are entirely orange or tan and appear as
such from day 11 through day 17 of the cycle. Stage four includes CLs which
have a yellow to orange internal colour and light yellow to white external
appearance, found during the remaining three to four days of the cycle, ie. from
late dioestrus to prooestrus.

The size of the CL and its consistency are other indications as to the stage of its
life-span. Thus while a forming CL appears as a very soft structure of less than
1.5 cm, a mature functional CL of mid-dioestrus is more compact and is of more
than 1.8 cm in size. The regressing CL is firm and less than 1.5 c¢m in size. Poor
vasculature is another characteristic of the CL during involution (Ireland, 1980).

Whilst functional CLs bleed when sectioned as a result of abundant vasculature,
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regressing ones do not (MacNutt, 1924). The CL also varies in weight according
to the stage of the cycle. (Foley et al., 1964) reported that CLs of two to five, six
to eight, twelve and 18 to 19 days weighed 1.05, 3.58, 530 and 3.84 g

respectively.

2. Histology and ultrastructure
2.1. The preovulatory follicle
During prooestrus there is little indication as to which of the large follicles
present in the ovaries will ovulate and size alone is thought to be an unreliable
predictor of the ovulatory follicle until the day of oestrus (Quirk et al., 1986).
Histological changes only become identifiable after the surge of LH when signs
of cellular luteinization become apparent. Six hours after the onset of oestrus
histological examination of the preovulatory follicles show early cellular
luteinization of both the theca and the granulosa layers (Donaldson and Hansel,
1965). At this stage cells undergo cytoplasmic enlargement as well as division
(Dieleman et al., 1983; Loos et al., 1991). Examination of these cells by
transmission electron microscopy shows a preponderance of smooth reticulum
endoplasmic (Enders, 1973). When granulosa cells are incubated in the
presence of added LH, the mitochondria in these cells acquire an increasingly
complex cristae, often with lamelliform-villiform organization. Mitochondria as
well as other organelles such as lysosomes can be observed in clusters around
the nucleus. In addition the high nuclear/cytoplasmic ratio and the active
proliferation which are a characteristic of granulosa cells are also lost following
exposure to LH. The nuclear heterochromatin is transformed to a lighter
staining euchromatin pattern. Moreover an increase in the number of lipid
droplets is known to occur following both in vitro and in vivo luteinization

(Amsterdam and Rotmunsch, 1987).



Prior to ovulation at a particular area of the follicle both the thecal cells and the

cortical component of the follicle (tunica albuginea) become thin and this
portion of the follicle protrudes from the surface of the ovary. This protrusion,
the stigma, is the site of rupture. Deterioration of the follicular wall caused by
enzymatic hydrolysis of connective tissue components by LH-induced
collagenase, protease or plasmins is thought to play a role in ovulation. Contrary
to what used to be suggested an increased intrafollicular fluid pressure is not

associated with the ovulatory process (Banks, 1986).

2.2, The forming corpus luteum
Following rupture and expulsion of the oocyte with its intimately associated
granulosa cells (corona radiata), the remainder of the granulosa layers become
deeply folded and each fold contains a core of cells from the theca interna. The
cores of theca interna also contain connective tissue and blood capillaries (Gier
et al, 1961). Fibroblasts and endothelial cells rapidly invade the granulosa
stratum following the disappearance of the basement membrane which is no
longer visible 24 to 48 hours after ovulation. Therefore these changes occur
during the period corresponding to very early metoestrus. Division occurs in
granulosa cells up to day four of metoestrus and in theca interna cells up to day
seven (Donaldson and Hansel, 1965; MacNutt, 1924). Alila and Hansel (1984)
characterized the origin of large and small luteal cells using specific antibodies
raised against granulosa and theca cells. These authors found that early in the
oestrous cycle large luteal cells are derived from the granulosa cells of the
follicle; whereas small luteal cells derive from theca interna cells. The granulosa
derived cells then contribute to the obliteration of the cavity left by the follicle

by enlarging, reaching their maximum size by day seven (Donaldson and
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Hansel, 1965). Mitotic activity is also marked in the cells of the connective

tissue and vascular endothelium, so that by day four of metoestrus vaso-factive
cells have formed capillaries which are surrounded by fibroblasts of connective
tissue (Gier et al., 1961; MacNutt, 1924). The small theca derived cells migrate
from the peripheral areas and the thecal cores towards the large granulosa
derived cells by moving along the trabeculae of connective and vascular tissue,
thus intermixing with large luteal cells (Gier et al,, 1961). The dividing small
luteal cells are generally associated with trabecular areas of connective tissue
whereas small luteal cells mixed with large luteal cells do not show division and
appear as mature-sized cells with a foamy cytoplasm (Donaldson and Hansel,

1965).

2.3. The mature corpus luteum
Seven days after ovulation the cellular composition of the new CL appears more
homogeneous as no more mitotic activity is taking place. The trabeculae of
connective tissue are not as numerous as in the first few days but are still
distinguishable. The homogeneity of the luteal tissue reaches culmination about
day nine when small cells are found concentrated around connective and
vascular trabeculae (Donaldson and Hansel, 1965). In their studies Alila and
Hansel (1984) obtained strong evidence that by day nine of the cycle some of
the large luteal cells appear to derive from the theca layers (see figure 1.1).
Indeed dynamic changes in the proportions of small and large cells in the CL
occur throughout the luteal phase suggesting that these cells undergo
continuous differentiation (Hansel et al., 1987). Observations were made on
enzymically dissociated luteal tissue, a method which involves inevitable and
perhaps selective loss of cells, indicate that few large cells are found in the CL

early in the cycle but their numbers increase with the age of the CL.
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Fig. 1.1 Origin of bovine luteal cell-types

12



Generally there are fewer large cells per gramme of tissue during metoestrus

and dioestrus than during gestation. Conversely there are fewer small cells
during pregnancy than in the luteal phase of the cycle (Hansel et al., 1987).
Using morphometric analyses of luteal sections O’Shea et al. (1989) found
significantly different numbers of large and small luteal cells despite accepting
the fact that small luteal cells outnumber the large ones. They argued that
enzymatic dissociation of cells may involve selective losses resulting in an
erroneous estimation of cell numbers. However these authors used CLs from
animals synchronized with a double injection of prostaglandins eleven days
apart, a treatment reported to result in abnormal cell type proportions (Hansen
et al., 1987). It is also unfortunate that O’Shea et al. (1989) carried their work
only on CLs obtained on day twelve of the oestrous cycle. Whatever the case,
there seems to be a general agreement as to the fact that the small cells
outnumber the large ones whereas the latter occupy most of the volume of the
luteal tissue.

At the ultrastructural level both small and large steroidogenic cells of the
bovine CL have abundant smooth and occasional rough enddplasmic reticulum,
large and polymorphic mitochondria with tubular cristae, Golgi apparatus and
varying number of lipid droplets (Parry et al., 1980; Hansel et al., 1987). While
Parry et al. (1980) treated large and small luteal cells as a single type and
recognized no ultrastructural differences, Koos and Hansel (1981) enumerated
a few criteria for each cell type. The small cells usually occur in clumps held
together by interdigitating microvilli or junctional complexes and have
peripherally located and deeply lobulated nuclei with densely staining
nucleoplasm and heterochromatin lining the nuclear envelope. Their
mitochondria are arranged in an arc opposite to the nucleus. The large cells of

the bovine CL of the cycle have large central nuclei with a distinct nucleolus
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and dispersed chromatin. Mitochondria more abundant than in the small cells,

surround the nucleus and are almost absent from the cell periphery. Their
membrane surfaces are highly convoluted and contain extensive microvillous
projections. Some of the large luteal cells exhibit electron dense granules of
various sizes in the cytoplasm which were shown to contain oxytocin (Fields et
al., 1992). The cytoplasm of small cells does not contain such granules (Koos
and Hansel, 1981; Hansel et al., 1987). These granules also allow distinction
between the two population of large luteal cells, ie. those originating from
granulosa cells and those originating from the theca-derived small cells. Even at
the level of light microscopy many of the granulosa-derived large cells appear
darker and more granular. On examination by electron microscopy the darker
cells clearly contain more mitochondria and electron-dense granules in the
cytoplasm. The mitochondria in these dark cells are small, elongated and
diffusely distributed throughout the cytoplasm. The lighter staining cells have
larger rounded mitochondria and fewer granules. Large cells derived from
granulosa cells seem to disappear during pregnancy. This disappearance
coincides with a drop in oxytocin secretion suggesting that these cells are

responsible for this (Hansel et al., 1987).

2.4, The regressing corpus luteum
Signs of degenerative changes in the CL can be seen using histological means.
As the CL ages a thickening of the walls of arteries occurs. This process
continues until, at 21 days after ovulation the lumina of many arteries are
obliterated (Donaldson and Hansel, 1965). In the luteal 'cells, the first
degenerative signs are a decrease in the stippling of the cytoplasm and rounding
of the cell outline. Vacuolation occurs around the periphery whereas in actively

secreting cells vacuoles are observed evenly distributed in central areas. The
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first nuclear change noted is a lighter staining and a loss of a prominent
nucleoli. The nuclear membrane becomes less distinct. Together with the
condensation of the cytoplasm the nucleus shrinks, stains darkly and appears
pyknotic. At day 21 only a few large cells are distinguishable and no small cells
can be seen (Donaldson and Hansel, 1965).

3. Corpus luteum function and regression

Under certain circumstances, the presence of a CL thought to be functional
after manual appreciation of its size coupled to oestrus detection, is not
reflected in circulating plasma progesterone which is below the functional
levels. Such structures are either CLs which have a normal life-span but secrete
lower levels of progesterone or CLs which have a shorter life-span than normal
(see review by Hunter, 1991). Therefore it is essential to understand the
mechanisms controlling both progesterone secretion and its regulation as well
as structural formation of the CL.

At the cellular level the structural changes which appear during luteinization
can be described as a mere accentuation of the changes that are induced by
gonadotrophins in both granulosa and theca cells during follicular maturation.
These include acquiring organelles which are common to steroid secreting cells.
On the other hand functional luteinization ie. progesterone synthesis, implies
blocking of aromatization in granulosa cells followed by inhibition of androgen
synthesis in theca cells so that the pathway of steroidogenesis is interrupted at
the level of progesterone synthesis (Henderson and Moon, 1979). These
changes occur almost immediately after the LH surge. Moreover in vitro
luteinization has been induced following continual exposure of granulosa cells
to LH indicating that this hormone is the main factor responsible for CL

formation (Amsterdam and Rotmensch, 1987).
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3.1. Quantitative aspects of progesterone synthesis

Although studies on separated small and large luteal cells in vitro suggest that
progesterone synthesis is a function of both types of cells, the fact that the CL is
made up of two steroidogenic cell types of disparate origin and distinct
ultrastructures raises the question as to the existence of functional differences
between these types. In vitro the small luteal cells produce less basal
progesterone (without added LH) than the large cells. However the small cells
are at least six times more responsive to added LH than the large cells (Koos
and Hansel, 1981; Ursely and Leymarie, 1979).

Fitz et al. (1982) showed that the small luteal cells in the sheep CL contain the
majority of LH receptors (33260 per small cell compared with 3074 per large
cell), while the large cells contain the majority of the PGF2a receptors (68143
per large cell and 2115 per small cell).

Large cells do respond to LH but only when high doses are used. Hansel et al.
(1987) claimed that although relatively unresponsive to added LH, the large
luteal cell still produce 35 times as much progesterone per cell as the small
luteal cells. However these workers admit that such calculations, being based on
results from enriched fractions of large and small cells, may bear little
relationship to production in vivo, because of possible interactions between
these two cell types and also other non-steroidogenic cells in the CL in vivo.
Using incubation of large luteal and small luteal cells separately and after
recombination, Lemon and Mauléon (1982) demonstrated an interaction
between pig large and small luteal cells in the synthesis of progesterone. Their
results suggested that some product(s) of the small luteal cells was able to
enhance progesterone production by the large luteal cells. Rodgers et al. (1985)

were not rewarded in their attempts to obtain similar results in the ewe.
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In the cow attempts to demonstrate such interaction between large and small
luteal cells have also been unsuccessful (Ursely and Leymarie, 1979), although
preliminary data with highly purified large and small cells suggest that these two
cell types synergize during mid-dioestrus but do not during CL regression
(Hansel et al., 1991).

Owing to the continuous change in the proportions of these two types of cells
during the life-span of the CL the question as to which of the large or small
luteal cells produces most of the progesterone secreted by the CL remains
controversial. The fact that large luteal cells synthesis 35 times as much
progesterone as do the small ones, suggests that the large cells produce most of
the progesterone from the CL; and that small luteal cells which are six times
more responsive to LH than large luteal cells and largely outnumber them

suggests that they are the main source of progesterone.

3.2. Cell signalling and control of progesterone synthesis
Recent reports confirm that albeit both cells secrete progesterone in vitro, it
appears that the way this function is controlled is indeed specific to each type
(Hansel et al., 1991; Wiltbank et al., 1991). The mechanism by which
gonadotrophin hormones such as LH are known to induce their action involve
binding of the hormone to an external receptor-site or first messenger present in
the target cell (attached to the surface of the cytoplasmic membrane). This
binding brings about the activation of a catalytic unit of a specific protein -the G
protein- present in the cytoplasmic membrane which would then bind to an
enzyme known as adenylate cyclase. As a result the latter is induced to convert
adenosine triphosphate (ATP) into cyclic adenosine monophosphate (cAMP)
which in turn causes the activation of cAMP-dependent protein kinase (Kinase

A). The latter is an enzyme which phosphorylates proteins present in the cytosol
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(mostly enzymes) and in so doing controls their activation (Schramm and

Selinger, 1984; Alberts et al., 1989). The activation of protein kinase A by

adenylate cyclase is usually the starting point for a cascade of enzyme
phosphorylation the end of which would be, in the case of steroidogenic cells,
the conversion of cholesteryl diesterase into its active form. This enzyme is
known to convert cholesterol ester which is stored in lipid droplets into free
cholesterol which on entering the mitochondria is metabolized into
pregnenolone (Henderson and McNatty, 1975). The rate-limiting step in the
synthesis of steroid hormone from cholesterol is considered to be the
cholesterol side-chain cleavage reaction catalyzed by cytochrome P450 (P450,.)
of the inner mitochondrial membrane and the product of which is pregnenolone
(Rodgers et al., 1986). In the rat granulosa cells, once the P450,. mRNA is
induced by the LH surge, it is constantly maintained by the luteinized cells in
the absence of gonadotrophins and is no longer regulated by cAMP (Oonk et
al., 1989). If this is the case in the bovine, it would explain the relative
insensitiveness of the large luteal cell to LH in vitro.

In the luteal cells the pregnenolone is transformed in a final step into
progesterone by 3pB-hydroxysteroid dehydrogenase (38-HSD). In the rat the
decrease of progesterone secretion during parturition is thought to be owing to
a PGF2a-dependent blockade of gonadotrophic stimulus which in turn
determines (1) the decrease in progesterone synthesis and (2) the induction of
luteal 20a-hydroxysteroid dehydrogenase (20a-HSD) which converts
progesterone into its inactive metabolite, 20a-hydroxyprogesterone (Bussmann,
1989).

This biochemical pathway is therefore first controlled by the activation of
protein kinase A via cAMP mobilization in the cellular cytoplasm following

binding of LH to its receptor. However in 1984, Shemesh et al. found that
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bovine placental cells secrete progesterone by a calcium-dependent mechanism.

In the same year Nishizuka (1984) summarized information concerning a new
second messenger system by which hormones pass information from the surface
to the interior of the cell. This system appears to be present in a wide range of
tissue and is thought to be involved in almost all types of cell responses
including synthesis and release of various hormones and neuro-transmitters
(Nishizuka, 1984). The system involves two pathways: (1) intracellular calcium
mobilization and (2) protein kinase C activation. These two steps are activated
following binding of the first messenger, eg. a hormone, to its receptor which
results in hydrolysis of the membrane-bound phosphatidylinositol-4,5-
bisphosphate (PIP,) yielding two compounds, diacylglycerol (DG) and inositol-
1,4,5-triphosphate (IP,). The former compound (DG) activates protein kinase C
the latter (IP;) mobilizes intracellular calcium from its sequestering
compartment. Both calcium and DG act synergistically in evoking the cellular
response. During this process DG is converted into arachidonic acid which is
the precursor of all of the prostanoids. These compounds are known to have
both luteolytic and luteotrophic effects on the bovine CL and it is now apparent
that a such mechanism exists in the luteal cells in the bovine (Hansel and Dowd,
1986; Brunswig et al., 1986). Recently separation of the two main cell types of
the CL using the more efficient flow cytometry technique and their subsequent
culture in presence of a protein kinase C activator (phorbol ester), and calcium
ionophore resulted in increased progesterone production by the small luteal
cells only, suggesting that this newly described mechanism was confined to this
cell-type (Alila et al., 1988). The response of small luteal cells as measured by
progesterone synthesis was known to be primarily controlled by cAMP,
intracellular concentrations of which are elevated in response to LH, (Hoyer et

al.,, 1984). However the new second messenger system (Caz+-phosphoinositol-
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protein kinase C second messenger) described by Nishizuka (1984) does exist in

the bovine small luteal cell perhaps as a second alternative pathway to the
cAMP-system (Hansel et al, 1987). The fact that the stimulatory effect of
phorbol esters on progesterone production is rapidly desensitized with chronic
exposure while their effect on prostanoid production is not desensitized within a
24-hour period is an advocate for the possibility of involvement of this system in
luteolysis (Hansel et al., 1991). Further support to this concept is provided by
the results of Plate and Condon (1984) who showed that while PGF2a has no
effect on progesterone production by luteal cells during the first 24 hours of
incubation, it significantly inhibited LH-stimulated progesterone synthesis
during subsequent days of culture. The receptor through which this new
pathway is stimulated is suspected to be a PGF2a receptor. Davis et al. (1987a,
1987b) showed that in addition to LH, PGF2« also stimulates PIP, hydrolysis in
the small luteal cells, a process that produces DG which activates protein kinase
C but also supplies prostanoids metabolism with arachidonic acid.

These prostanoids which include PGF2a are thought to target the large but not
the small luteal cells for two main reasons. First PGF2a but not protein kinase
C-activators enhance LH-stimulated progesterone synthesis in the small luteal
cells. Secondly, although PGF2a has no effects on basal progesterone synthesis
in the large luteal cells, it inhibits LH-stimulated progesterone (Alila et al.,
1988). However the information available is far from complete and so the
interaction between the two steroidogenic cell types of the CL will not be fully
understood until accurate enzyme and receptor quantifications are achievable in
both cells incubated with various treatments.

The mobilization of Ca?* from either its sequestration compartment in the
cytosol by IP; or the opening of Ca?* channel in the cytoplasmic membrane

which allows penetration of extracellular Ca* and raises intracellular
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concentration of this cation are both critical to both progesterone synthesis and

cell viability (Wiltbank et al., 1991). Again differential responses between the
large and the small luteal cell are shown regarding intracellular Ca* levels.
Small cells which contain relatively low resting intracellular Caz* levels, are
extremely sensitive to LH, and are able to produce basal levels of progesterone
in the absence of Ca?* in the medium. However progesterone synthesis
stimulated by LH, PGE-2, 8-bromo-cAMP or PGF2a requires calcium ions and
the effects of calcium ion removal appear to be exerted distal to cAMP
generation in the small cells. In contrast, large cells, which contain high levels of
resting Ca?+ and are relatively insensitive to LH, require calcium ions for basal
and LH- and forskolin-stimulated progesterone production and the effect of
calcium ion removal is exerted proximal to the generation of cAMP in these
cells (Hansel et al., 1991). Thus the differences between the large and the small
luteal cells appear in almost every aspect of their function.

Early studies established the fact that, in the cow as in several other species, LH
is not the only luteotrophic factor in vitro. Progesterone synthesis by small luteal
cells in response to human chorionic gonadotrophin (hCG) stimulation has
been reported by Bourdage et al. (1984). Studies in vitro also suggest the
possibility that other hormones including prostaglandins, oestradiol, serotonin
and oxytocin, may have physiological stimulatory actions on the secretion of
progesterone by luteal cells. Both PGE-1 and PGE-2 were shown to have a
stimulatory effect on basal progesterone synthesis (i.e. without added LH) by
the small luteal cells of the ewe but not by the large (Fitz et al.,, 1984). In the
cow PGE-2 was shown to have a stimulatory effect on progesterone synthesis by
dispersed luteal cells (Shelton et al., 1990). However these authors did not
exclude possibilities of PGE-2 having also some luteolytic effect. Prostacyclin

(PGI-2) has been shown to play a luteotrophic role (Hansel and Dowd, 1986).
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Both oxytocin (Battista and Condon, 1986) and serotonin (Tan et al., 1982) were

shown to enhance progesterone synthesis in bovine luteal cells. However Milvae
and Hansel (1983) did describe the effect of oxytocin on progesterone synthesis

by luteal cells as insignificant.

3.3. Regression

While LH is essential for normal luteal function in ruminants, the decline in
progesterone preceding oestrus cannot be explained by any change in
circulating concentrations of LH. On the other hand one may question whether
spontaneous luteolysis results from the inability of LH to bind to the luteal cell.
It has been shown that as luteolysis approaches there is a decrease in both
serum. progesterone and LH-receptors. Even so, the decrease in progesterone
precedes the loss of LH receptors and therefore receptor loss is probably not
the initial steps in luteolysfs (Auletta and Flint, 1988).

In sheep and cows luteolysis is attributed to the uterine synthesis and secretion
of PGF2a and its subsequent transport to the ovary via a local counter-current
mechanism which although is well established in the ewe, remains questionable
in the cow in the light of the conflicting results obtained so far (Hixon and
Hansel 1974; Milvae and Hansel 1980).

PGF2a receptors have been identified in large and small luteal cells of sheep
(Fitz, 1982) and cows (Rao, 1975). The mechanisms controlling PGF2a
synthesis and release from the endometrium are as yet unknown. Systemically
administered oestradiol, given during the mid luteal phase causes premature
luteolysis in both sheep (Genbenbach et al., 1977) and cows (Greenstein et al.,
1958). This effect is actually used when combining oestradiol to progestogens
for the purpose of administration to sheep and cattle as a means of grouping

oestrus. Destruction of ovarian follicles, the prime source of oestrogens by X-

22



ray irradiation prolongs luteal function (Villa-Godoy et al., 1981). Oestradiol

given systemically or locally causes uterine secretion of PGF2a with an ensuing
decrease in progesterone and luteal regression (Caldwell et al., 1972). The latter
observation suggests an oestrogen-PGF2a interaction during luteolytic process
in ruminants.

Oxytocin injections given during a critical period early in the oestrous cycle (day
2-6) result in inhibition of CL development and shortening of the oestrous cycle.
This effect requires the presence of the uterus but is not accompanied by any
change in LH pulsatile secretion suggesting the possibility of an oxytocin-
PGF2a combined mechanism to cause this anti-luteotrophic action on the early
CL (Hansel and Dowd, 1986). There is also a widely held view that oxytocin
released from the CL reaches the uterus where it causes the release of PGF2a
which in turn causes luteal regression. However oxytocin is secreted by
granulosa derived large cells of the bovine CL and its synthesis was shown to
begin as early as the critical period when exogenous oxytocin would hamper
luteal development. Moreover exogenous PGF2a is incapable of causing
premature luteal regression during early luteal phase and exogenous oxytocin
does not have any effect on the CL at other stages than the early critical period
(Hansel and Dowd, 1986).

To complicate matters, exogenous oxytocin causes the release of PGF2a into
the uterine vein in the cow and Milvae & Hansel (1980) were unable to show
that this release of PGF2a was reflected in concurrently collected ovarian
arterial blood samples. Thus it would appear that PGF2a in the cow may have a
rather systemic action. Unlike the ewe in which 99% of injected PGF2a is
metabolized in a single passage through the lungs, substantial amounts of
injected PGF2a pass through the lungs of the cow without metabolic breakdown
(Davis et al., 1984). It is postulated (Auletta and Flint, 1988) that an initial

23



release of small quantities of PGF2a from the uterus results in release of

oxytocin and reduction in progesterone secretion by large luteal cells. The
decreased circulating progesterone allows an increase in oestrogens which in
turn causes an increase in uterine oxytocin receptors. The latter interact with
oxytocin secreted by the large luteal cells to stimulate further release of PGF2a
sufficient to inhibit local ovarian blood flow and cause regression of the small
cells (Auletta and Flint, 1988). Such a mechanism would provide an explanation
for the observation that major release of PGF2a follows rather than precedes
the commencement of luteolysis and for the coincident fall in progesterone and
rise in uterine oxytocin receptor-sites. Two hypothesis have been proposed to
explain the action of PGF2a:

(1) one or more direct actions on the luteal cells and/or

(2) a decrease or redistributed blood flow away from the CL at the appropriate
time in the nonfertile cycle.

In the cow, PGF2a stimulates progesterone in small cells but has no effect on
basal (without added LH) progesterone synthesis in large cells even though it
inhibits LH or cAMP-stimulated progesterone synthesis in these cells. The
ability of PGF2a to inhibit forskolin or 8-Bromo-cAMP-stimulated
progesterone in large luteal cells suggests that its effect occurs at some step
distal to the intracellular generation of cAMP (Plate and Condon, 1984). It has
been suggested that PGF2a has a direct inhibitory effect on ovine luteal 38-
hydroxysteroid dehydrogenase (Hoppen and Findlay, 1976).

The current view of the possible mechanism of the direct effect of PGF2a on
the luteal cell was summarized by Hansel et al., (1991). These authors suggested
that the chronic activation of Ca*-protein kinase C system results in
desensitization of LH-induced progesterone synthesis and release of luteolytic

prostaglandins and Caz+.
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V. AIM OF THE STUDY

This thesis describes initial investigations using clinical ultrasound and
endocrinological methods, of the role of the CL in the outcome for
synchronization of oestrus in dairy cattle in the field. This resulted in detailed
studies of the formation of CLs in cycling cows by monitoring behavioural
endocrinological and clinical changes in a small group of cattle. These
preliminary studies led to the detailed investigations of CLs of different stages
of the cycle by histological, histochemical, electron microscopy and cell culture
means. Subsequently similar studies were carried out on CLs obtained from
cattle following induction of oestrus by an injection of a PGF2a-analogue
during two different phases of the cycle. Finally the response to a GnRH
analogue given during mid-dioestrus was assessed in terms of luteal formation

and function.
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CHAPTER TWO

FIELD TRIAL
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I. INTRODUCTION

The development of intensive dairy farming systems has imposed new
commitments on farmers, including aiming for the production of a calf per cow
per year. Ouf increasing understanding of the endocrinological control of the
oestrous cycle in domestic animals now allows manipulation of this aspect of
bovine reproduction.

The major applications for synchronization of oestrus in the bovine has been in
the management of dairy heifers and has usually involved PGF2a analogues as
until recently, at least in the United Kingdom, synchronization using
progesterone or progestogens has only been commercially available by means of
the intravaginal releasing device. This method presents technical difficulties in
heifers. Recently a product utilizing a prolonged progestogen-releasing device
not involving the vaginal route and combined with an injection of oestradiol,
"Crestar" (Intervet UK Ltd) has been developed (Aguer et al., 1987).

The use of both PGF2a and progestogens for synchronization of oestrus are
associated with manipulation of the luteal phase of the cycle. Different
mechanisms are involved; either lysis of the luteal structure in the case of
PGF2a and its analogues resulting in the return of the animal to oestrus, or
administration of progestogens inducing a period of artificial progesterone
dominance (Scanlon et al., 1972; Lauderdale et al., 1973; Cooper, 1974; Sreenan
and Mulvihill, 1975).

Each of these approaches must have an effect on the integrated factors
associated with formation and function of the CL (reviewed by Odde, 1990).
There is now evidence that treatments such as cloprostenol (a PGF2a analogue)
can result in the formation of abnormal luteal structures in the bovine although

this effect has been shown so far to occur mainly in Bos Indicus breeds (Hansen
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et al., 1987; Hardin and Randel, 1982).

During a recent field trial, the ovarian response to a progestogen/oestradiol
combination (Crestar) and a PGF2a analogue (Prosolvin) as well as the
subsequent pregnancy rates following a fixed-time single artificial insemination
(AI) were compared. Parameters including the relationship between plasma
progesterone concentration and ovarian structures as determined by ultrasound
were recorded. Growth as indicated by weight gain was also taken into
consideration. In these preliminary studies, it was hoped to identify the changes
in the various forms of luteal tissue present in the ovaries prior to and during

the treatment period.
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II. MATERIALS AND METHODS

1. Animals used
Four separate groups of Friesian cross Holstein dairy heifers on two Scottish
Agricultural College farms were allocated in pairs to one of two treatments such
that within each group there were pairs of animals of comparable weight and

age (table 1.1).

All the heifers were at least 13 months of age, with a range in weight of 280 to
380 kg at the beginning of the experiment and they were weighed at regular
intervals, from the onset of treatment to approximately 80 days after Al

Each group was fed an ad libitum diet of grass or grass/clover silage

supplemented with a small quantity (0.5-1 kg) of concentrate daily.

2. Treatments
2.1. Prosolvin regime
7.5 mg of luprostiol (a synthetic PGF2a analogue) in 1 ml of Prosolvin (Intervet

UK Ltd.) was injected intramuscularly on two separate occasions ten days apart.

2.2. Crestar regime
A 2.5 cm silastic implant containing 3 mg of norgestomet (a progestogen) was
inserted subcutaneously into the dorsal surface of the ear using an implant
applicator (Intervet France Ltd). In addition a 2 ml injection containing 3 mg
norgestomet and 5 mg oestradiol valerate was administered intramuscularly, at
the time of implantation (Crestar, Intervet UK Ltd). Nine days later, after prior
cleansing with an antiseptic solution, the implant was removed by incising the

skin at one of its extremities and pressing it out.
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Table 1.1 Grouping of cattle, number per treatment and Al dates.

Farm Group Number/treatment group
Crichton 1 11

2 8

3 9
College 4 9

30

Date of AI

Nov. 23,1989
Dec. 30,1989
Dec. 30,1989

Nov. 17,1989



3. Insemination

Semen from two proven Friesian cross Holstein bulls was used. One bull was
used on each farm. Each pair of heifers was inseminated by the same
inseminator. Fixed-time AI was carried out 48 hours after removal of the
implant for Crestar-treated animals and 72 hours after the second injection for
Prosolvin-treated animals. Subsequently any returns were rebred by either Al or

natural service.

4. Ultrasound examination
An Aloka 210DX11 ultrasound machine incorporating a 7.5 MHz linear array
probe was used for examination of ovarian structures by the method of Logue
(1990). Prior to every scanning session the rectum was emptied and ovaries
were located and held between the middle fingers of the operator’s left hand.
The transducer was then introduced taped to a plastic rod and guided from
outside with the right hand. At least one picture of each ovary was taken using
an instantaneous Sony printer irrespective of whether or not a CL was
identified. Several views of it were taken when a CL was present. The criteria
used to identify follicles, CLs or ovarian stroma are shown in table 1.2. CL size
was determined by recording two dimensions, ie. height and width, using
callipers. Only the largest dimension is presented as an estimation of the size of
the CL. Each CL was then given a score for the echogenicity and the uniformity
of its appearance. Table 1.3 describes the features considered for each score.

See also plate 1.1.
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Table 1.2 Differentiating features of ovarian structures on ultrasound.

STRUCTURE APPEARANCE ON ULTRASOUND

Corpus luteum Echogenic area with gr” to grey-black image and
diameter of 1.6-3.0 cm. a>me with a non-echogenic
(dark) area within the luteal tissue indicating the
presence of a fluid-filled lacuna.

Follicle Circumscribed non-echogenic areas with defined
thin borders.

Ovarian stroma Echogenic and non-homogenous areas of distinct
white and grey pin-points.
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Plate 1.1.

An example of each category of luteal tissue as they appeared on ultrasound is
shown.

a) Typical appearance on ultrasound of a CL scored as (+ + +). Most of the
time this appearance was associated with a high circulating plasma progesterone
profile.

b) Appearance of a CL scored as (++). Some of these structures were not
functional, others were.

¢) Ultrasound appearance of luteal structure scored as (+). This structure could
be either regressing or forming and was hardly ever associated with a raised
peripheral progesterone concentration.

d) Unusual ultrasonic appearance of luteal structures scored as (?). The dark
appearance of the tissue associated with a large size could be due to lack of one

of the tissue components, eg. connective tissue.
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5. Pregnancy diagnosis

Animals were scanned twice for pregnancy using a sector scanner (Vet Scan 2
BCF Technology Ltd). In those animals in which unobserved mating occurred, a
service date was deduced from calculations of ultrasound measurements of

foetal crown-rump length and head and trunk diameter (White et al., 1985).

6. Blood sampling
Blood samples were collected by jugular venepuncture using heparinized
Vacutainer glass tubes and 20-gauge Vacutainer needles (Becton Dickinson,
England). Plasma samples were separated by centrifugation (10 minutes, 1000 x

g) and stored at -20 °C in labelled plastic tubes until assayed.

7. Progesterone estimation
Plasma progesterone concentration was determined using a progesterone
enzyme-linked immunosorbent assay kit (Ovucheck Bovine Plasma, Cambridge
Life Sciences PLC.) as described by Eckersall and Harvey (1987). All samples
were assayed in duplicate by adding 10 pl of standard or sample to wells
precoated with an antibody followed by the addition of 200 ul of progesterone
labelled with phosphatase alkaline. After 30 minutes incubation at room
temperature the wells were washed 3 times with distilled water and 200 ul of a
solution (pH 9.8) containing 1 M diethylanolamine and 0.5 mM magnesium
chloride acting as the enzyme substrate was added and incubation continued for
a further 30 minutes in the same conditions. The reaction was stopped by
adding 100 ul of a solution containing 0.5 M dipotassium hydrogen
orthophosphate and 5 mM ethylenediaminetetracetic acid (EDTA) (pH 10.0). A
spectrophotometer (Titertek . Multiscan Plus) was utilized to read the

absorbance at 405 nm. The curve was plotted and results calculated using a
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hapter two

personal computer connected to the spectrophotometer and programmed for
calibration of data from ELISA assays (Titersoft, Flow Laboratories). Cross-
reactivity with steroids other than progesterone has been calculated by the
manufacturer and was found to equal 66, 16, 4.5, 3.3 and 3.0% with 11-a-
hydroxyprogesterone, S-pregnan-3-g-ol-20-one, 5-B-pregnan-3,20-dione, S-a-
pregnane-3,20-dione and deoxycorticosterone acetate respectively and was
insignificant (< 1%) with other steroids. Sensitivity was 0.5 ng/ml. The
interassay coefficient of variation calculated after assaying the same control
sample in 16 assays was 12.34% at 4 ng/ml. The intra-assay coefficient of
variation estimated by assaying the same sample in 10 replicates was 11.3% at 4
ng/ml. A concentration greater than or equal to 2 ng/ml was taken as indicative
of a functional CL.

Table 1.4 gives a summary of the protocol for each treatment.

8. Response to Prosolvin injections
A raised concentration of plasma progesterone (> 2 ng/ml) on the day of the
first Prosolvin injection followed by a drop to less than 2 ng/ml two days
afterwards was considered as a positive response by the luteal structure to the
first injection. Responsiveness of the CL to the second injection was related to
whether or not the animal became pregnant to the first service, or if not
pregnant, when the circulating plasma progesterone concentration was low
three weeks after Al. However it was not possible to determine whether a CL
respondéd to the second injection when the animal was not pregnant and
plasma concentration of progesterone were found to be high three weeks after
Al This was because of the possibility that embryonic death could occur around
or after the third week following Al. In addition it was not certain whether a

CL, identified by ultrasound, responded to the second injection when the animal
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did not conceive, and had a low progesterone both on the day of second

injection and three weeks after Al

9. Statistical analysis
Data were analysed using a computer program (Minitab Release 7.1, Minitab
Inc, State college, PA 16801, USA). Frequency distributioﬁ of conception rate
to the synchronized oestrus between groups was tested by computation of
squared-qui. Means were compared by Student’s t-Test. A P-value less than 0.05

was taken as a significant result.
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Table 1.4 Experimental design for both Crestar- and Prosolvin-treated

heifers.
DAYS CRESTAR GROUP PROSOLVIN GROUP
Bled
223 Scarined
Weilihed
Bled Bled
-13 Scanned Scanned
Weighed Weighed
First injection
Bled Bled
-11 Scanned Scanned
Crestar In
Bled Bled
-3 Scanned Scanned
Second injection
Removal of Crestar
%) implant
0 Al (48 dours) Al (72 Hours)
20,21 or 22 Bled
Weighed
35,36 or 44 Scanned for pregnancy diagnosis
70, 71 or 72 Scanned for pregnancy diagnosis

Weighed

Group 4 wasfirst bled and scanned on day -13.
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III. RESULTS

Table 1.5a.

Data are not available for some of the animals. Based on the progesterone
results available 15 out of 23 heifers had a functional CL (> 2 ng/ml) and so
were cycling. The remaining eight had a low plasma progesterone
concentration. Despite this ultrasound indicated that in these animals luteal
tissue was present and so they were cycling. There was good correlation
between ultrasound scoring and progesterone concentrations in the majority
that had results (19 out of 23). In the four in which there was not, animals with
both raised and baseline levels of plasma progesterone did not relate to the

ultrasound findings (Nos. 468, 575, 577 and 549).
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Table 1.5a Ultrasound findings and plasma
progesterone concentration in heifers prior
to treatment with Prosolvin.

ID. Day-10
No. CL on ULSD
P4
Size Score
(cm)
458 19 ? NA
437 1.3 + 1.6
438 25 ++ 8.5
459 24 + NA
461 1.3 + <0.5
574 2.1 ++ <0.5
14 NA NA NA
25 NA NA NA
19 NA NA NA
21 NA NA NA
28 NA NA NA
439 1.9 ++ <0.5
468 2.2 ? 2.8
557 1.6 ++ 2.8
573 14 + <0.5
432 2.5 ++ 5.2
446 23 4.9
464 2.6 ++ 3.7
20 NA NA NA
15 NA NA NA
575 2.2 + 1.7
577 1.7 + 3.1
434 29 ++ 3.8
442 2.7 ++ 5.5
447 23 ++ 9.6

450 27 =+ NA
456 2.7 ++ NA

474 2.5 +++ 5.9
457 2.8 +++ NA
24 NA NA NA
33 NA NA NA
546 2.6 =+ 24
549 2.0 =+ 1.7
567 2.1 + 24
552 2.5 ++ 3.8
561 24 ++ >10
572 22 + 0.8
ID. No. = heifers' identification number. = plasma

progesterone concentration. ULSD = ultrasound. NA = data not
available. Day 0 = day offirst Prosolvin injection. Those CLs
scored as '"?" were structures which did not correspond to the
criteria described in table 1.3 as they had little echogenicity
even though they were ofa size equal to that ofafunctional CL.
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Table 1.5b.

Heifers were examined on two occasions prior to the insertion of the implant. In
some animals data are available on one occasion only. There was good
correlation in the majority of the animals between ultrasound scoring and '
progesterone findings (50 out of 63). In three of the animals with results (Nos.
431, 449, 462) plasma progesterone concentrations were less than 2 ng/ml at the
two samples taken at a ten day interval prior to treatment (the highest values
obtained ranging between 1.3 and 1.8 ng/ml). Another heifer (No. 470)
appeared to be in anoestrus as plasma progesterone was low throughout this
period. Added to these four, is heifer No. 587 for which no data are available on
day -2. On the day of implantation (day 0) this animal had still no functional CL
present (see table 1.7b).
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Table 1.Sb Ultrasound findings and plasma
progesterone concentration in heifers prior to
treatment with Crestar.

ID. Day-12 Day -2
No. CL on ULSD CL on ULSD
P4 P4
Size Score  fmgmb  Size Score  fng/mnid)
(cm) (cm)
12 NA NA NA 35 +++ 25
13 NA NA NA 26 +++ >10
16 NA NA NA 20 +++ 26
27 NA NA NA 22 +H+ 25
551 20 + <0.5 24 +H+ 32
555 2.5 + 15 27 +H+ 2.9
560 1.7 + <0.5 25 +++ 31
563 noCL - <0.5 2.7 ? 31
566 1.8 + <0.5 2.7 +++ 3.0
569 1.8 + <0.5 35 ++ 2.9
570 NA NA NA 26 +H=+ 32
586 2.5 ++ 3.0 23 + <0.5
431 23 +H+ 1.8 1.5 ++ <0.5
435 2.2 ++ 9.2 23 ++ 33
440 2.7 ++ 3.0 21 ++ <0.5
M“1 14 ? <0.5 2.8 ++ 52
43 2.9 + 1.7 21 +H+ 6.0
444 23 53 2.0 + >10
448 21 ++ <0.5 2.5 ++ 9.7
449 2.6 ++ 1.6 22 ? 0.9
451 23 ++ 51 21 + <0.5
455 23 +H+ 4.8 2.7 +H+ 4.3
460 22 ++ NA 2.7 + 73
445 29 ? 52 2.8 ++ 71
466 2.2 ++ <0.5 32 +H+ >10
17 NA NA NA 1.9 ? <0.5
22 NA NA NA 24 + 31
29 NA NA NA 21 + <0.5
26 NA NA NA no CL - <0.5
23 NA NA NA 15 + 29
559 1.9 + 32 25 ++ 31
568 21 ++ 28 1.7 + <0.5
587 2.8 ++ 1.6 2.6 ? NA
430 noCL - 2.6 no CL - <0.5
436 23 ++ 5.9 1.9 + <0.5
462 2.7 ++ 1.3 21 + <0.5
470 1no CL - <0.5 no CL - <0.5
ID. No. = heifers' identification number. = plasma progesterone

concentration. ULSD = ultrasound. NA = data not available. Day 0 = day
of Crestar insertion. Those CLs scored as '"?"" were structures which did not
correspond to the criteria described in table 1.3 as they had little
echogenicity even though they were of a size equal to that of a functional
CL.
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Part (i): Prosolvin group

Based on circulating plasma progesterone profiles at the beginning of the
treatment (first Prosolvin injection), the heifers were divided into those with

functional CLs and those without.

Table 1.6a.

Following the first injection plasma progesterone concentration remained above
2 ng/ml in four (Nos. 438, 461, 574 and 432) out of the 18 heifers. In two of
these non-responsive heifers (Nos. 461 and 574), some decrease in both
progesterone and CL scores and sizes on ultrasound occured following the first
Prosolvin injection (day 2). In the remaining two, a slight increase in these
parameters was noted. Note that ten of the heifers (Nos. 14, 25, 19, 21, 28, 439,
468, 461, 574 and 557) did not have a functional CL on the day of the second
Prosolvin injection. Three of the heifers with a low progesterone concentration
on the day of second Prosolvin injection conceived to the fixed-time Al Of the
eight heifers which had a high progesterone profile on the day of second
Prosolvin injection five failed to conceive (Nos. 458, 573, 432, 446 and 464). One
of these heifers (No. 458) had a low progesterone concentration on day 20-22

following AL
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Table 1.6a Details of circulating plasma progesterone concentration and ultrasound findings
in Prosolvin-treated heifers with a functional CL present at the commencement of the
treatment and subsequent pregnancy rate after fixed-time Al

ID. Day0 Day 2 Day 10 Day  Day
33-35%  48-57**
No. CL on ULSD CL on ULSD CL on ULSD
P4 P4 P4 ps PDDby
Size  Score {mgir) Size  Score fnughim) Size  Score  fngmd) (@gh) ULSD
(cm) (cm) (cm)
458 23 + 6.9 no CL - <0.5 24 ++ 34 <0.5 -
437 2.7 + 6.0 1.9 + <0.5 2.8 ++ 3.2 4.9 +
438 24 + 3.0 2.5 ++ 6.7 2.6 ++ >10 6.0 +
459 2.7 + 6.2 1.7 +H+ <0.5 2.9 ++ 4.3 3.7 +
461 23 + 3.5 1.9 + 2.6 1.7 ++ 0.7 33 -
574 2.5 ++ >10 2.0 + 2.9 1.9 ++ 1.1 1.3 -
14 29 ++ 6.0 21 ++ <0.5 2.2 ? 1.2 2.8 -
25 24 ++ 2.9 2.0 ++ <0.5 2.2 + <0.5 <0.5 -
19 23 = 4.4 2.2 + <0.5 3.0 ++ <0.5 0.7 -
21 2.5 ++ 4.5 23 ++ <0.5 2.5 ++ 0.8 6.8 +
28 24 ++ 6.0 no CL - <0.5 2.7 ? 0.6 7.0 -
439 2.7 = 4.5 2.3 ++ <0.5 29 ++ 1.6 <0.5 -
468 33 = 4.3 1.8 ++ <0.5 2.1 + 0.9 53 +
557 2.7 ++ >10 2.5 ++ <0.5 21 + <0.5 >10 +
573 2.7 ++ 2.7 1.9 ++ <0.5 2.6 ++ 2.1 31 -
432 2.0 + 23 24 ++ 4.2 2.6 ++ 5.0 8.5 -
446 2.5 = 7.7 23 det+ <0.5 2.7 ++ 2.9 6.4 -
404 23 ? 7.0 2.1 +++ <0.5 2.6 ++ 2.0 8.7 -

ID. No. = heifers' identification number. P, =plasma progesterone concentration. ULSD = ultrasound. PD =
pregnancy diagnosis. Day 0 = day offirst Prosolvin injection. Day 10 = day o fsecond Prosolvin injection.
(%) =day 20-22 after AI and (**) = day 35-44 after AI. Those CLs scored as were structures which did not
correspond to the criteria described in table 1.3 as they had little echogenicity even though they were of a
size equal to that ofafunctional CL.
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Table 1.6b.

This table describes the response to the Prosolvin treatment in heifers with no
functional CL at the beginning of the treatment. It is worthy of note that eight of
the 19 heifers comprising this group never had a progesterone concentration
above 2 ng/ml during the treatment period (Nos. 24, 33, 546, 549, 567, 552, 561
and 572). In six of these heifers ultrasound indicated the presence of luteal
tissue on the day of the first Prosolvin injection and two of them were scored
functional according to their appearance. On the day of the second injection a
CL was detected by ultrasound in one more heifer and only heifer No. 33 had
no CL detected by ultrasound during the whole treatment period. Thirteen of
this group of heifers conceived to fixed time Al, five of which were animals
which did not have a raised progesterone on the day of the second Prosolvin
injection. Note that three heifers (Nos. 575, 549 and 572) had no functional CL
present on either day -10 (table 1.5a) or day 0.
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Table 1.6b Details of circulating plasma progesterone concentration and ultrasound
findings in Prosolvin-treated heifers with no functional CL present at the commencement
of'the treatment and subsequent pregnancy rate after fixed-time Al.

ID.

No.

20

15

575

577

434

442

447

450

456

474

457

24

33

546

549

567

552

561

572

Day 0

CL on ULSD
Size Score
@
13 ++
11 +

no CL -
1.7 +
13 ++
13 ++
1.1 +
15 +
11 +
16 ++
1.9 ++

no CL -

no CL
14 ++
13 ?
0.7 +
11 +
27 =+
2.7 +H+

P4

(ngm)

0.6

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

1.8

<0.5

11

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

14

1.5

14

Day 2

CL on ULSD

P4
Size  Score  (ngi)

(@n
1.7
1.7
1.9

no CL
13
1.8
no CL
1.9
10
10
10
no CL
no CL

1.1
11
1.8
15
12

1.9

4.4.

4.4.

4.4.

4.4.

1.2

<0.5

<0.5

<0.5

<0.5

1.7

1.3

31

1.3

4.1

1.2

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

Day 10

CL on ULSD

Size

(@
3.0
27
16
27
22
18
18
16
18
14
27
24
no CL
13
10
1.9
18
27

1.8

P4
Score  (ng/m)

4.4

4.4

444

4.4.4.

4.4.4.

4.4.4.

4.4.4.

4-4.4.

24
15
16
3.6
3.2
6.7
33
11
4.0
33
>10
<0.5
<0.5
0.7
<0.5
<0.5
1.7
<0.5

0.9

Day

33-35%

P4
(gl

<0.5
>10
31
>10
1.0
NA
4.0
53
5.2
5.7
6.9
>10
1.3
>10
>10
8.5
5.8
>10

8.7

Day
48-57%*

PD by
ULSD

ID. No. = heifers’' identification number. P, =plasma progesterone concentration. ULSD = ultrasound. NA
= data not available. PD = pregnancy diagnosis. Day 0 = day offirst Prosolvin injection. Day 10 = day of
second Prosolvin injection. (%) = day 20-22 after AI and (**) = day 35-44 after AL. Those CLs scored as "?"
were structures which did not correspond to the criteria described in table 2.3 as they had little echogenicity

even though they were ofa size equal to that ofafunctional CL.
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Part (ii): Crestar group

Based on circulating plasma progesterone profiles at the beginning of the
treatment (Crestar insertion), the heifers were divided into those with

functional CLs and those without.

Table 1.7a.

This table describes progesterone and ultrasound findings during the
experimental period for animals with a functional CL on the day of Crestar
implantation. Out of the 25 animals in this group, four had a functional luteal
structure present one day prior to the removal of the implant (Nos. 555, 444,
449 and 451). In heifer No. 555 ultrasound did not detect the presence of a CL
whilst in the other three a CL of more than 2.0 cm diameter was shown. Of
these four, one conceived to fixed time Al (No. 451). Note that two of the other
three animals (Nos. 444 and 449) had a low progesterone profile around day 21
after AL In this group 17 of the 25 conceived to the fixed time Al. Of the 21
animals which responded normally to the treatment only five did not conceive

to fixed-time Al
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Table 1.7a Details of circulating plasma progesterone concentration and ultrasound findings
in Crestar-treated heifers with a functional CL present at the commencement of the treatment
and subsequent pregnancy rate after fixed-time Al

ID. Day 0 Day 8 Day 31-33*  Day 46-55%*
No. CL on ULSD CL on ULSD
P4 P4 ra (C4/" PD by
Size  Score (nmgmd) Size  Score  (ngmd) ULSD
(@ (an

12 31 it 39 no CL - <0.5 83 +

13 2.6 + 57 1.8 ++ <0.5 >10 +

16 24 + 39 14 ++ <0.5 >10 +

27 21 =+ 2.0 no CL - <0.5 54 +
551 2.6 ot 6.3 no CL . 1.7 >10 +
555 3.0 ++ 59 no CL ; 2.7 7.8

560 2.8 +Ht 35 no CL - 0.6 >10 +
563 24 +Ht 7.1 no CL - <0.5 >10 +
566 23 ++ 4.9 1.8 ++ <0.5 >10 +
59 33 +t 4.0 no CL ; <0.5 <0.5

570 24 et >10 no CL ; 0.6 >10 +
586 22 ++ 2.7 2.0 ++ <0.5 <05

431 23 +t 33 24 + <0.5 4.5 +
435 23 =+ 4.9 20 + <0.5 54 +
440 1.8 + 25 21 ++ 0.9 52 +
1 28 AR 4.8 14 ++ <0.5 4.6 +
443 25 + 57 1.7 + <05 <0.5 -
444 2.6 =+ 7.8 22 + 53 <0.5

448 23 =+ 6.0 no CL - <0.5 52 -
449 1.9 ? 43 2.8 ++ 41 11 -
451 28 + 3.8 23 ++ 35 24 +
455 28 + 52 1.8 ++ <0.5 4.9 +
460 25 ++ 4.7 no CL - <0.5 2.6 +
445 25 ++ 6.1 no CL - <0.5 9.2 +
466 1 3.2 +H+ >10 no CL - NA 35 -
ID. No. - heifers' identification number. - plasma progesterone concentration. ULSD =

ultrasound. NA = data not available. PD = pregnancy diagnosis. Day 0 - day of Crestar insertion.
Day 8 = one day prior to removal of Crestar implant. (*) - day 20-22 after AI and (**) - day 35-44
after AI. Those CLs scored as "?" were structures which did not correspond to the criteria described
in table 1.3 as they had little echogenicity even though they were ofa size equal to that ofafunctional
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Table 1.7b.

This table describes the progesterone and ultrasound findings during the
experimental period for animals with no functional CL on the day of Crestar
implantation. In all heifers in this group, one day prior to implant removal,
circulating plasma progesterone was less than 2 ng/ml. On the day of implant
insertion ultrasound showed the presence of a CL in seven animals. Eight days
later, in six of these heifers the CL was not found. In heifer No. 587 a CL was
still present one day prior to implant removal and appeared larger and was
scored higher than on day 0. In this animal progesterone was slightly raised on
day eight as well (1.0 ng/ml). This animal did not conceive. In another three
heifers (Nos. 26, 568 and 430) ultrasound showed no CL on day of implant
insertion. Eight days later a CL was detected. On this occasion circulating
plasma progesterone was undetectable in two of these three heifers but was
raised to 1.0 ng/ml in the other one (No. 26). This heifer did not conceive the

other two did.
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Table 1.7b Details of circulating plasma progesterone concentration and
ultrasound findings in Crestar-treated heifers with no functional CL present
at the commencement of the treatment and subsequent pregnancy rate after
fixed-time Al

ID. Day 0 Day 8 Day 31-33* Day 46-55**
No. CL on ULSD CL on ULSD
P4 P4 P4 PDby
Size  Score (mgm() Size  Score (ngii) ULSD
(on) (cm)
17 2.1 + <0.5 no CL - <0.5 <0.5 -
22 1.8 + 0.8 no CL - <0.5 >10 +
29 2.0 + <0.5 no CL - <0.5 >10 +
26 noCL - <0.5 23 1.0 7.4 -
23 noCL - <0.5 no CL - <0.5 >10 +
559 2.0 + 0.5 no CL - <0.5 >10 +
568 no CL - <0.5 2.3 ++ <0.5 >10 +
587 1.7 ++ 0.5 2.8 +H+ 1.0 0.7 -
430 no CL - <0.5 1.9 + <0.5 4.7 +
436 22 + 1.7 no CL - <0.5 6.7 +
462 1.9 + <0.5 no CL - <0.5 >10 +
470 no CL - <0.5 no CL - <0.5 5.6 +
ID. No. = heifers’' identification number. = plasma progesterone concentration. ULSD =

ultrasound. PD = pregnancy diagnosis. Day 0 = day o fimplant insertion. Day 8 = one day
prior to removal o fCrestar implant. (*) = day 20-22 after AI and (**) = day 35-44 after AL
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Table 1.8.

This table compares the fertility of the two treatment groups at the
synchronized oestrus. Crestar treatment resulted in a higher proportion of
pregnancies to the fixed-time Al than Prosolvin but the difference was not
significant. Pregnancy rate to the fixed-time Al in animals with functional luteal
tissue when treated with Prosolvin was significantly lower than in animals with
no functional luteal tissue treated in the same way (33.3% vs 68.4% respectively;
P < (0.025). This difference was not found significant (P < 0.2) when heifers
with less than 2 ng/ml but more than 1 ng/ml of plasma progesterone
concentration were considered as having a functional CL. No difference was
found in pregnancy rate between the two groups of animals (68% vs 75%
respectively) for Crestar-treated animals grouped in the same way with

reference to luteal tissue.

Table 1.9.

This table presents the mean number of days open in both Prosolvin- and
Crestar-treated animals. The mean number of "days open” (the interval between
the initial treatment and either conception or, if the heifer did not become
pregnant, the last mating in that group) was significantly less in the Crestar-
treated group (P = 0.025). However animals treated with Prosolvin had a
longer interval from the commencement of the treatment to the day of Al than
animals treated with Crestar (13 vs 11) and so the results between the two

groups are not significant.
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Table 1.8 Pregnancy rate at the synchronized oestrus in both Prosolvin- and
Crestar-treated heifers related to grouping of cattle according to their luteal status at

the commencement of treatment.

Number heifers per

Croup treatment
Crestar Prosolvin
A 25 18
B 12 19
TOTAL 37 37
% 100 100

Number (and percentage)
pregnant to synchronized

oestrus
Crestar Prosolvin
17(68) 6(33.3)*
9(75) 13(68.4)*
26 19
70.3 514

Group A = animals with afunctional CL at the commencement o ftreatment
Group B = animals with nofunctional CL at the commencement o ftreatment .*P<(.025.

Table 1.9 Mean numbers of days open in groups of heifers treated with either Prosolvin

or Crestar.

Means (= SD) days open*

Corrected means (= SD) days

Croup
open**
Crestar Prosolvin Crestar Prosolvin
A 21.2+174 40.9 +£26.9 222+ 174 39.9 +26.9
B 23.7 £ 25.7 28.4 +28.4 24.7 £25.4 28.3 +28.4
Total 22.0 £ 20.1%%* 34,9 + 27.9%%* 23.0 +20.1 33.9+279

*Heifers notpregnant at the end o fbreeding period were included as days open.

**Note that the intervalfrom initiation o fthe treatment to the day ofAl is longerfor Prosolvin-
than Crestar-treated heifers (13 Vs II respectively). When this difference was corrected by
assuming a similar intervalfor all animals (12 days) and number ofopen days were changed

accordingly no significant difference wasfound between treatment groups.

***Means computed without correction differed, P=0.025.
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Table 1.10.

This table compares the initial and the final pregnancy rates and presents the
mean daily weight gain of the cattle grouped according to location. There was
no significant difference in pregnancy rate over the eventual breeding period.
Although there was no significant difference in mean daily weight gain between
the treatments there was a highly significant difference (P < 0.05) between
heifers’ groups. There was no significant difference between the live weight
gains of those animals which became pregnant to first service and those which

did not.
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IV. DISCUSSION

It is well recognized that around puberty and for a short period afterwards the
cycles in the bovine may be abnormally short. This is thought to be because the
necessary integration of the mechanisms of the hypothalamo-pituitary-gonadal
axis has not been achieved (Kinder et al.,, 1987, Moran et al., 1989). Energy
requirements obviously enter into this as puberty which culminates in cyclicity is
not attained until the growth and development of the animal has reached its
final target. If this is not achieved then the animal remains in anoestrus (Moran
et al.,, 1989). The importance of the role of energy in normal reproduction is
also demonstrated in cows after parturition where high yielders or animals who
have had problems during the periparturient period take longer to return to
oestrus (reviewed by Short et al., 1990). Each of the treatments used in the field
trial described in this thesis require that the animals are cycling. This is
especially so with regard to treatment with prostaglandins which in the manner
of their administration for synchronization of oestrus require firstly that luteal
tissue is present and secondly that this tissue is maintained for the period
associated with normal cyclicity. PGF2a analogues cause lysis of the luteal
tissue and return to oestrus within a reasonably specific period of time. As two
injections of the synthetic prostaglandin Prosolvin were administered ten days
apart this required that the cycle lengths in the heifers treated were within the
normal range of say 18 to 20 days. Crestar, the other method used in the trial,
acts by suppressing the release of gonadotrophins by the pituitary axis so that on
removal of this progestogen the released FSH and LH bring the animal into
overt oestrus again within a recognized period of time. In situations where there
is lack of gonadotrophins, or their releasing factor, the administration of a

progestogen like Crestar, by acting by negative feed-back on the pituitary and
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the hypothalamus, may allow a build up of FSH, LH and GnRH and this can

sometimes have the desired effect of bringing the animal into oestrus and in
these circumstances synchronization is achieved. However progestogens can be
expected to work best in normal cycling animals (Brown et al., 1988). Based on
the ultrasound examinations and the associated circulating plasma progesterone
concentrations determined during the ten to twelve days prior to the beginning
of this field trial the majority of the heifers used were cycling. This assumption
is based mainly on their circulating plasma progesterone concentrations,
indicating the presence of functional luteal tissue. However a few of the heifers
(Nos. 575, 549, 572, 462, 431, 470, 587, and 449) were either in anoestrus or had
abnormal cycles. Obviously under a normal field situation this would not have
been recognized but does indicate that where a rapid cheap method of
determining circulating plasma progesterone concentration in cattle is available
more acceptable results could be achieved especially from an economic point of
view. Obviously the use of the ELISA method applied in the study described

here would be economically unsound at its present price.

Part (i): Prosolvin group

If we split the animals treated with Prosolvin into two categories viz those which
had a functional CL (plasma progesterone concentration above 2 ng/ml) on the
day of the first injection and those which had not, it is obvious that subsequent
fertility amongst the first group is significantly lower than the second. This
difference was not found significant when the minimum value of plasma
progesterone corresponding to a functional CL was lowered to 1 ng/ml
Therefore any further investigations into this aspect should take into account

the level of plasma progesterone concentration used to discern animals with a
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functional CL from those without.

In the animals with functional luteal tissue (table 1.6a) at the beginning of the
treatment period, one would have expected that within two days of
administration of Prosolvin their circulating plasma progesterone would have
dropped to baseline (Louis et al., 1973). However in four (Nos. 438, 461, 574
and 432) of the eighteen animals comprising this group, this did not happen. In
two of these four animals (Nos. 438 and 432) ultrasound findings on two
separate occasions tend to suggest that the CLs present when the first Prosolvin
injection was given were still forming. However the circulating plasma
progesterone concentrations recorded in these two animals, on the day of the
first Prosolvin injection, were higher than usually associated with a CL of less
than 5§ days. It may be that progesterone levels do not always reflect CL
maturity and responsiveness to exogenous PGF2a. Momont et al. (1984)
reported that only 41% of heifers injected with cloprostenol (a PGF2a
analogue) on day five of the cycle responded. An explanation for this could be
that in some bovine, the CLs may acquire the capability for secreting more than
2 ng/ml of plasma progesterone by day five to seven of the oestrous cycle but
only develop receptor-sites for PGF2a at a later stage and so even though they
may appear in an advanced stage of maturity according to the circulating plasma
progesterone concentrations, they are not capable of being lysed by
prostaglandins. If the CLs in these two particular animals did fall into this
category it could explain the raised circulating plasma progesterone
concentrations and the fully formed CL on ultrasound on the day of second
injection suggesting that the structure found earlier had been maintained.

The other two heifers with the unexpected response to the first injection (Nos.
461 and 574) had apparently fully formed structures at the commencement of

the treatment according to both ultrasound and increased circulating plasma
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progesterone concentration. Although both showed a decrease in progesterone

and ultrasound parameters two days later, the decline in progesterone was not
as expected. In one of these two heifers the decrease was such that although
regression took place, it was much more slowly than expected (No. 574). Louis
et al. (1973) reported that circulating plasma progesterone levels had returned
to 1.5 ng/ml within 12 hours of the administration of PGF2a. However in the
other animal (No. 461) the ultrasound findings and circulating plasma
progesterone concentrations indicated little if any regression by two days after
injecting Prosolvin. At this time the progesterone concentrations in this heifer
were indistinguishable from those found in animals with a fully functional CL.
However, both animals had a low progesterone profile on the day of second
injection and on ultrasound evidence of a newly forming CL (present in a
different ovary) indicated that ovulation had occurred between the two
injections. Therefore in both animals the original CL did eventually regress.
Aside from the possibility that the first injection of Prosolvin somehow did not
reach its target there is no obvious explanation why in those two heifers the CLs
did not respond. Furthermore had they been less than five days old at the first
injection, they should have been responsive structures on the day of the second
injection (Cooper, 1974). Neither had a fully mature CL at the time of the
second Prosolvin injection and this explains why pregnancy was not achieved by
the fixed time Al. Delayed return to oestrus following cloprostenol injection on
days 6 through 17 has been reported previously in lactating cows (Macmillan,
1978; Momont, 1984). Although this is said to happen less frequently in heifers
the results in those two animals indicate that it may occur. In their trial (Refsal
and Seguin, 1980) also reported the occurrence of incomplete luteolysis and
absence of signs of oestrus in heifers treated with cloprostenol on day five to

eight. The ultrasound findings available in these particular animals do not allow
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hapter two

firm conclusions to be drawn on this aspect but there is one possibility which
would explain the events which occurred. Such a response could be related to
the lack of receptor-sites on the particular CLs so that they were not able to
react to the Prosolvin injections.

With regard to the other 14 animals in this group, although the first injection
resulted in baseline circulating plasma progesterone concentrations two days
afterwards, eight of these 14 heifers (Nos. 14, 25, 19, 21, 28, 439, 468 and 557)
did not have a functional CL when injected ten days later. Ultrasound and
progesterone records indicated that although in three of these eight animals
(Nos. 557, 439 and 28), ovulation took place between the two injections, most of
these animals were either in metoestrus or early dioestrus on the day of the
second Prosolvin injection. A delay in ovulation and/or subsequent formation of
the CL could explain these findings. Jackson et al., (1979a) reported the
occurrence of ’long low progesterone’ associated with the administration of
prostaglandins to normally cycling cows rather than heifers. Jackson et al.
(1979a) could give no explanation for their findings but suggested that nutrition
might play a part. No evidence of such an association was found in the present
studies.

In another two heifers in this group (Nos. 19 and 25) in which no evidence of a
functional CL was present on the day of second Prosolvin injection, follicles of a
larger than preovulatory size (2.4 and 2.7 cm diameter respectively) were
present. These structures had a thicker wall than usually encountered in follicles
and so could be follicles which failed to ovulate. If this were the case the CLs
recorded on ultrasound examination in these two heifers on the day of the
second injection could have been the remnants of the CL lysed by the first
injection. Unfortunately ultrasound alone did not allow for reliable

differentiation between the forming and the regressing structure and only when
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two successive sessions were carried out two days apart, was there a possibility

to speculate on such findings. With some expertise ultrasound can be usefully
applied in the diagnosis of cystic ovaries. In particular, it could be used to
determine whether a cyst is luteinized or otherwise and so either prostaglandins
or GnRH can be used accordingly to treat the condition saving time and efforts
to the practitioner and money to the farmer. Indeed luteinized cysts appear as
large (> 2.5 cm diameter) follicles with thick walls, whereas non-luteinized cysts
are thinner-walled. However it is important to differentiate between luteinized
cysts and CLs containing a lacuna as the latter are normal structures which
cannot be described as a pathological condition (Okuda et al., 1988). Usually
the relative size of the fluid-filled cavity compared to the size of the whole
structure is a reliable tool.

Anovulation or delayed ovulation are not the only possible interpretations of
the low progesterone profile on the day of second injection. It is also possible
that in these eight heifers ovulation took place after the first injection with
subsequent CL formation but this structure was not maintained for the normal
length of time and the CL seen on ultrasound on the day of the second injection
was a structure undergoing an earlier demise than usual. Short-lived CL do
occur in heifers following the first ovulation at puberty (Gonzales-Padilla et al.,
1975) and in post partum cows (Short et al., 1990; Lamming et al., 1981). Such
structures also occur in heifers following experimental induction by GnRH
(Rusbridge and Webb, 1991) injections during the period of early dioestrus, ie.
days four to seven of the luteal phase.

Both ovulation and CL formation require all the components of the hormonal
axis of reproduction ie. the hypothalamo-pituitary-gonadal axis to respond
normally. When the first injection of Prosolvin was given, these heifers were in

luteal phase which implies that the subsequent ovulation was induced within a
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shorter interval than normal after the previous ovulation. It could be that in

such circumstances the hypothalamo-pituitary axis is incapable of generating
sufficient gonadotrophins, eg. LH, necessary for ovulation and maintenance of a
CL for the normal period.

Delayed ovulation can result from delay in the maturation of the selected
follicle so that insufficient oestrogens are secreted at the appropriate time
resulting in a delayed LH surge. This sequence of events could result in the
findings described above.

The manipulation of the cycle by lysis of the functional luteal tissue shortens the
interoestrous interval which will result in interruption of the mechanisms
required for normal maturation culminating in ovulation and subsequent
formation of a new CL. It is therefore possible that the follicle which is required
to ovulate under these conditions has not completed normal development and
that the subsequent CL does not have the necessary cellular constituents
required for its maintenance or the ability to respond in the proper pattern to
the luteotrophic stimuli it receives. However the fact that these unexpected
results were not found in all heifers suggests that the mechanisms required for
follicular maturation, ovulation and CL formation can be forthcoming even in
these altered circumstances. Although several possible explanations for
ovulation and CL formation and function not being achieved can be postulated
the molecular aspects of these failures are as yet not fully understood.

In some instances the progesterone results did not agree with the ultrasound
findings. The use of a commercial ELISA kit only allows routine checking of the
precision with quality control samples and so closer control of the assay is
limited and one has to rely on the manufacturer’s assessment. In order to
determine the accuracy of this system, a large batch of random samples were

assayed by an independent party using a routine radioimmunoassay. The results
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from this were highly correlated to the ELISA’s. Consequently progesterone
results were considered to be the primary indicator as to whether a CL was

functional or not.

Of the eight animals which had a low circulating plasma progesterone
concentration on the day of the second injection, three became pregnant.
Ultrasound findings in these eight animals suggested that these CLs were either
forming or regressing. In the three heifers which became pregnant, if the CLs
were formed during the interval between the two injections, they must have
responded to the second Prosolvin dose. The finding of a CL which although
secreting low levels of progesterone and yet responds to Prosolvin is certainly
worthy of further investigations. On the other hand if on the day of second
injection the CLs in these animals were those of late dioestrus then in these
three particular heifers this resulted in them coming into oestrus coincidentally
with fixed-time Al Ultrasonography is an excellent technique for the
identification of luteal tissue. However under certain circumstances there seem
to be occasions when the presence or absence of luteal structure on ultrasound

does not fit with the circulating plasma progesterone.

Among the eight heifers which had a high progesterone profile on the day of
second injection five failed to conceive (Nos. 458, 573, 432, 446 and 464).

Thus failure to conceive was not a characteristic feature only associated with the
animals which had a low progesterone on the day of second injection. In one of
the animals with high circulating plasma progesterone (No. 458) there was
evidence that the CL present on the day of second injection regressed
suggesting that the failure in conception was either due to anovulation, lack of

fertilization or to the next CL not being maintained resulting in early embryonic
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loss. In another of the heifers (No. 446) ultrasound did show a degenerating
embryo indicating here that this animal had conceived after the fixed-time Al
and that synchronization had been achieved. However in the other three it
cannot be stated whether the CL did not respond to the second injection or
whether embryonic loss occurred around or after the third week following
mating. In all five cases the CL could have been directly involved in the poor
outcome associated with this category of response to the treatment. Embryonic
loss is often considered as a result of CL failing to be maintained (Shelton et al.,
1990). Certain factors which emerged from the early investigations on the use of
prostaglandins for synchronization of oestrus in dairy heifers tend to suggest
that these powerful luteolytic agents give better results in terms of synchrony
and pregnancy rates if the animals are in dioestrus with a fully functional CL
than if the luteal tissue is either forming or regressing. Hence the use of the
double injection regimen spaced by an interval of ten to eleven days to
overcome the problem related to the non responsive phase of dioestrus ie.
before day five (Cooper, 1974). In the study described in this chapter it appears
that the outcome of such treatments may not be so favourable with regard to
achieving and maintaining pregnancy. Furthermore the action of Prosolvin even
in animals in dioestrus emanated with either an apparent lack of response or in
a structure that is not fully formed within an appropriate period of time or not
maintained for the necessary duration. This results in asynchrony followed by

disappointing pregnancy rates.

In the other group of animals treated with Prosolvin (table 1.6b) ie. animals
with no evidence of functional luteal tissue at the commencement of treatment
the results are more acceptable in that 13 of the 19 animals treated (68.42%)

became pregnant. However some of the results warrant discussion. The eight
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animals in this group which had a baseline progesterone level throughout the
treatment period are of interest. In theory, had they been cycling normally at
the start of the treatment they should have had a raised progesterone at some
point during the trial. In four out of eight this was indeed the case (raised
progesterone ten days before the start). Five out of the eight animals including
these four heifers conceived to the fixed-time insemination. It does seem
somewhat too much of a coincidence to suggest that five out of eight just
happened to come into fertile oestrus at the time of insemination. Ultrasound
indicated that some ovarian activity was present during the trial period; in
particular there was evidence on ultrasound of ovulation having occurred in six
of the eight animals shortly before the first injection or during the ten days
between the two injections. Some of these CL which resulted in low circulating
plasma progesterone concentrations apparently did respond to the second
injection as they conceived to the fixed time AI. These results of low
progesterone yet a responding CL are intriguing and raise doubts about the
accuracy of predicting CL response to exogenous Prosolvin using either
progesterone levels or size of the structure.

The incidence of low progesterone on the day of the second injection was found
in a higher percentage in two of the farm groups of heifers (groups 1 and 4;
table 1.1) but could not be explained by any relationship to initial weight or
weight gain over the period of trial. The heifers in group 1 and 4 were
inseminated in November rather than in late December suggesting that there

may be a seasonal factor.
In general the findings recorded in this study in the use of Prosolvin as a means

of synchronizing heifers tend to suggest that the stage of the cycle at which

treatment is initiated has a bearing on the fertility of the oestrus produced.
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Administering of the initial PGF2a injection whilst the heifers are in a period

other than dioestrus gave better results than when animals were treated in
dioestrus when a fully functional CL was in situ. This could be due to the
presence of the luteal structure and/or the follicular state of the gonad at this
time or to the capability of the hypothalamo-pituitary axis in heifers to respond
to successive stimuli at a shorter interval than usual. Obviously this warrants
further investigation. In heifers the priorities of the body are such that growth is
to be favoured before reproduction (Moran et al., 1989). In fact even after the
first ovulation heifers may be incapable of reproducing themselves and so some
time is needed before short cycles and irregular and silent ovulations are
replaced by normal cycles. Weight, body size, nutrition, season and social
environment are all factors which influence the age at which puberty is reached.
It appears that the absence of antecedent progesterone priming is responsible
for the frequent CL inadequacy in anoestrus ewes (Legan et al., 1985). If this is
the case with heifers around puberty it would mean that the use of progestogen
releasing devices could be more suitable for oestrus synchronization in heifers
than prostaglandins. The effect of progesterone priming seems to be exerted in
the ovaries rather than the pituitary. Hunter et al. 1987 found that follicles from
progesterone-primed ewes had greater oestradiol output, testosterone
concentration and granulosa cell-binding capacity than follicles from non-
primed ewes. This implies that progestogen treatment may be increasing the
sensibility of granulosa cells to gonadotrophin enabling them to take better
advantage of the preovulatory surge of LH which induces maturation and

ovulation of the follicle and triggers luteinization of its remnants.

66



Part (ii): Crestar group

Comparing the results of those animals with raised progesterone at initiation of
the Crestar treatment with those with a baseline progesterone (< 2 ng/ml),
there appeared to be no difference in pregnancy rate between these two groups
of animals. However in some animals the response to the treatment was not
entirely as expected. Crestar treatment is expected to result in no functional CL
being present by the day of removal. It is claimed by the manufacturer that the
oestradiol valerate injection induces regression of an early CL, if present and
the progestogen priming period should be long enough for a mid-luteal CL
present at the time of introduction of the progestogen to regress spontaneously
by the time of implant removal. However several authors (Lemon, 1975; Seguin,
1979) reported that oestradiol induces a slow decline of progesterone
concentration when given during the mid-luteal phase and does not prevent
luteal formation and function when administered during the early luteal phase
of the cycle. Therefore animals implanted and injected during early dioestrus
are unlikely to be synchronized as the early CL will certainly remain viable
during the period when the implant is in situ. The incorporation of the
progestogen norgestomet with oestradiol valerate as a single dose is thought to
prevent continuation of CL formation following a recent ovulation (Wishart and
Young, 1974). Despite this antiluteotrophic effect of the norgestomet, data
published more recently indicated that luteal function is not hampered by the
oestradiol/norgestomet injection when given between day three and five of the
oestrous cycle (Peters, 1984).

In these studies, out of 25 animals with a functional CL at implantation with
Crestar (table 1.6a) four showed raised progesterone on day eight of the

treatment i.e. one day prior to removal and four days prior to insemination
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(Nos. 555, 444, 449 and 451). One of these animals (No. 451) became pregnant

to the fixed-time AI suggesting that in this animal, subsequent regression of the
CL and coincidental return to oestrus around the time of Al occurred.

The failure to conceive by the other three heifers could be explained by them
being out of phase at the time of insemination. However if low progesterone
concentration three weeks after Al is considered as evidence that two of these
three did come into season at a time close to the day of insemination, it would
suggest otherwise. One of the following possibilities could explain this response:
(a) the animals were in season on the day of Al but did not hold, (b) they were
in season around the time of AI but did not ovulate, (¢) were not in oestrus
around the time of AI despite the evidence mentioned above or (d) they
conceived but lost the embryo before maternal recognition.

Oestrogens have been reported to be luteolytic in cattle (Wiltbank et al., 1961;
Brunner et al., 1969 and Lemon, 1975). However a difference in response to
exogenous oestrogens by the differing types of luteal tissue has also been
reported. Lemon (1975) observed that when oestradiol benzoate or valerate (5
mg IM) was given during dioestrus (day 9-15) it only resulted in a hastening of
CL regression, as indicated by plasma progesterone and shortening of the
oestrous cycle by only two to three days. It was clear from the study conducted
by Seguin (1979) that oestradiol should not be considered luteolytic in the same
sense as is PGF2a for it induced no consistent or rapid luteolysis. Thus it is
possible that some of the animals reported here were still in the luteal phase
one day before removal of the progestogen implaﬁt. Combining progestogen
implants or devices with a prostaglandin injection at the end of the treatment
period seems to give better results both in dairy (Logue, personal
communication) and beef cattle (Peters,l 1984) regarding lysis of any remaining

luteal tissue.
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The animals with low circulating plasma progesterone concentrations at the
start of the treatment (table 1.7b) had all low circulating plasma progesterone
concentrations one day before removal. However close examination of the
progesterone and ultrasound data shows that in two heifers (No. 26 and 587) the
progesterone was slightly raised on day eight of treatment with evidence from
ultrasound that ovulation occurred sometime between one to two days before
implantation of Crestar and day eight of treatment. The size of these CLs on the
day prior to removal of the implant were 2.3 and 2.8 cm in heifers Nos. 26 and
587 respectively. The plasma progesterone concentration (1.0 ng/ml) indicates
that these structures where not fully functional but could be developing CLs. If
this was the case it would be a further evidence of failure of the oestradiol
valerate injection in causing CL regression, in particular of those still forming.
Intriguing results are also given for another two animals (No. 430 and 568) in
which ultrasound showed the presence of a CL one day before removal. No such
structure was seen in the previous scanning occasions and progesterone was still
low. Even so the animal conceived. For one heifer (No. 430) it is hard to believe
that a luteal structure was present and not detected by ultrasound during the
preceding three sessions (see table 1.5b). It is also difficult to imagine that these
structure arose from an ovulation which occurred before the treatment began.
They would have otherwise been fully functional on day eight of the treatment.
One explanation for this finding is the possibility of ovulation taking place
during the treatment another that these structures were inadequate CLs of
more than eight days old secreting subnormal amounts of progesterone. In
another heifer (No. 470) both progesterone and ultrasound results indicated no
cyclical activity prior to and during treatment, yet ovulation occurred and
conception was achieved. In this case the treatment which suppressed release of

gonadotrophins and their releasing factors during the time the implant was in
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situ may have allowed the hypothalamus and pituitary to accumulate the
necessary amounts of gonadotrophins to allow an LH surge. On the other hand
as discussed earlier it is also possible that the progestogen acted by increasing
the sensitivity of the follicular cells to LH resulting in a better response such
that the removal of the progestogen coincided with the availability of a mature

follicle capable of responding to the subsequent LH surge.

Although the difference in pregnancy rate to the synchronized oestrus between
the types of treatment was not statistically significant the Crestar-treated heifers
had fewer "days open". This result was primarily caused by the fact that heifers
treated with Prosolvin had a longer interval from the initiation of the treatment
to the day of Al. When this difference was corrected and the treatment period
made uniform between groups (12 days for all animals) the means of days open
between the two treatment groups was not found to be significant. Therefore
one cannot attribute the apparent difference in days open to synchronization
problems caused by prostaglandin.

However the fact that the effect of the stage of the cycle apparently plays a part
in the outcome of the Prosolvin-treated heifers suggests that the use of a
progestogen in field conditions would result in a better oestrus synchronization
in cattle especially if the oestradiol/norgestomet injection of the Crestar
treatment is replaced by an injection of a prostaglandin analogue given prior to
implant removal. In this study, it was not possible to compare statistically heifers
treated with Crestar during different periods of the cycle as most heifers had a

functional CL at the beginning of the treatment and only a few had not.

In summing up the results of this field study of the synchronization of cattle

several interesting findings are brought to light. Of importance is the great
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variation in the capabilities and responsiveness of the luteal tissue demonstrated

in this range of cattle. Obviously a better understanding of the integrated
mechanisms controlling and the variation in the composition of this important

gonadal structure would be of great benefit.
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CHAPTER THREE

DETAILED STUDIES OF OVARIAN AND
HORMONAL CHANGES IN COWS
UNDERGOING TREATMENT FOR OESTROUS
SYNCHRONIZATION
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L. INTRODUCTION

The results of the field study where synchronization of oestrus in heifers was
attempted by using either Crestar or Prosolvin agreed with those of previous
workers in that in some heifers the response of the luteal tissue was not as
expected irrespective of the treatment used. The results presented in this thesis
also suggested that the stage of the cycle when the treatment is initiated may
well influence its outcome. This could be related to the follicular population
present at that time. There is little information in the literature regarding the
contribution of this aspect of ovarian contents to the successful synchronizing of
oestrus in cattle or to the subsequent development and maintenance of the CL.

In an attempt to increase our understanding of this aspect of oestrous
synchronization in the bovine detailed investigations were undertaken in small
groups of cows synchronized by progestins. These animals were monitored by
behavioural, clinical and endocrinological methods to determine the follicular
and luteal changes during treatment and overt oestrus, the timing of the LH
surge, the demonstration of overt oestrus and ovulation and the achievement of
conception. In addition the timing and amplitude of the LH peak was studied in
cows synchronized by a double injection of a prostaglandin analogue given ten

days apart.
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II. MATERIALS AND METHODS

1. Animals used and treatments

1.1. Progestogen/oestradiol synchronization
The experimental protocol for the synchronization of the cows is shown in table
2.1a. Six multiparous non-lactating Friesian cows were selected at random.
Before allocation to groups all cows were examined for ovarian status by
ultrasound examination and determination of circulating plasma progesterone
concentration. Animals were fed good hay ad libitum and concentrates.
The six cows were injected intramuscularly with 15 mg in 2 ml of luprostiol
(Prosolvin, Intervet UK Ltd) and grouped in pairs as follows:- Group 1:
fourteen (14) days afterwards an implant containing 3 mg of norgestomet was
inserted into one ear of each cow. At the same time the animals were injected
with 2 ml containing 3 mg norgestomet and 5 mg oestradiol valerate (Crestar,
Intervet UK Ltd), - Group 2: two days after luprostiol injection cows were
treated as above (Crestar) and - Group 3: two days after luprostiol injection,
cows received an intravaginal coil containing 1.55 g progesterone and in a
capsule attached to it 10 mg oestradiol benzoate (Prid Ceva Ltd).
Both PRIDs and implants were removed ten days later. Fixed-time Al was

carried out approximately 48 hours afterwards.

1.2, Prostaglandin synchronization
The experimental protocol for this group is summarized in table 2.1b. Four
adult Friesian cows were injected intramuscularly with 15 mg in 2 ml luprostiol
(Prosolvin Intervet UK 1td) on two occasions ten days apart. The first injection

was administered when a palpable CL was present on rectal examination.
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Animals were artificially inseminated twice approximately 72 and 96 hours after

the second prostaglandin injection.

2. Behavioural studies
The animals were observed running free in a courtyard for approximately 20
minutes, twice daily for signs of approaching oestrus. When any indications of
oestrus, no matter how slight, were seen observations were increased to a
maximum of four times daily (every six hours). The interval from termination of
treatment or administration of second Prosolvin injection to first observed overt

standing oestrus was recorded.

3. Blood sampling

3.1. Sampling for plasma progesterone
Blood samples for progesterone estimation were collected from the tail by
venepuncture either into heparinized Vacutainer tubes or by Monovette
syringes (Sarstedt Ltd. Leicester, UK). Plasma was separated by centrifugation
(1000 x g, 10 minutes) and stored at -20 °C until assayed.
In the progestogen-synchronized animals, bleeding for progesterone was carried
out once daily on the day of Prosolvin injection, the subsequent two days
following Prosolvin injection, the day of Crestar administration, the second and
the sixth days following Crestar administration, the day of implant removal and
the following days until the cows were observed in oestrus. Cows synchronized
with prostaglandin were bled for progesterone once daily during the induced

oestrus periods and on day six or seven following the synchronized oestrus.
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3.2. Sampling for plasma Luteinizing Hormone

Method 1: Blood samples were collected via an 80 mm long 14-gauge trocar
catheter with an internal diameter of 1.6 mm (Intraflon 2, Vygon France),
inserted into the jugular vein. The skin was shaved, cleaned with an antiseptic
and anaesthetized by injection of 2 to 3 ml of 2% w/v lignocaine hydrochloride
(Lignol, Arnolds Veterinary Products Ltd, Chesham House Romford, Essex
UK). The trocar and needle were then inserted into the vein and the needle
withdrawn. Two sutures were inserted to maintain the cannula in the vein.
Method 2: was as described by Jeffcoate (personal communication). After
cleaning the skin a 14-gauge needle was inserted into the jugular vein. A
catheter with an internal diameter of 1.0 mm (Portex Ltd.; Hythe, Kent UK)
was then inserted through the needle into the vein. The needle was then
withdrawn and the free end of the catheter taped onto the surface of the neck
using two pieces of elastic adhesive bandage (Treatplast, Veterinary Drug Co.
PLC, Dunnington, York UK). The catheter was tested for patency by
withdrawing a small quantity of blood. A suitable stopper attached to a 20-
gauge needle whose sharp end had been removed was used to seal the cannula.
After each sampling the cannula was flushed with heparinized saline to prevent
blood clotting.

Plasma separation was carried out as described for plasma progesterone
samples.

Blood samples were collected every six hours during the 24 hours preceding the
day of expected oestrus and every two hours when signs of approaching oestrus
were detected and for 12 to 15 hours after onset of overt standing oestrus.

In all animals bleeding for the LH surge was only undertaken around the time
of induced oestrus i.e. following removal of progestogen-releasing device or

following the second prostaglandin injection.
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The time when the LH started to peak, was estimated as the point. midway

between the first LH value more than two standard deviations above mean

basal levels and the previous sample.

4. Hormonal studies
4.1. Plasma progesterone

Plasma progesterone was measured in triplicate as described in chapter two.

4.2, Luteinizing Hormone |
Plasma LH concentration was determined using the double antibody
radioimmunoassay as described by Boyns et al. (1972) with the following

modifications:

4.2.1. Buffers
General purpose buffer: 0.5 M phosphate buffer (pH 7.4) was prepared and
stored at room temperature. The following two solutions were made up first:

(i) 358.15 g di-sodium hydrogen orthophosphate dodecahydrate
(Na;HPO4.12H,O, MW = 358.15; Fison Lab. Supplies, Loughborough,
England) was dissolved in 2 litres distilled water.

(ii) 39 g sodium dihydrogen orthophosphate dihydrate (NaH,PO4.2H,O,
MW = 156.01; Formachem Ltd., Strathaven, Scotland) was dissolved in 500 ml
distilled water.

When both solutions were homogeneous and clear 475 ml of solution (ii) was

added to 2 litres of solution (i) and pH was checked.

LH assay buffer: fresh assay buffer was made weekly by dissolving 5 g bovine

serum albumin (Sigma Chemical Co., St. Louis, U.S.A) and 2 g sodium azyde
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(BDH Chemicals Ltd, Poole, England) into 200 ml 0.5 M phosphate buffer

followed by the addition of 1 ml iso-octylphenoxy-polyethoxyethanol (triton X-
100, BDH Chemicals Ltd, Poole, England).

Iodination buffers: elution buffer was prepared on the day of iodination by
dissolving 9 g sodium chloride (Sigma Chemical Co., St. Louis, US.A), 1 g
sodium azyde and 5 g bovine serum albumin into 100 ml of 0.5 M phosphate
buffer and making the solution up to 1 litre with distilled water. Column
cleaning buffer was prepared as elution buffer except that bovine serum

albumin was omitted.

4.2.2, Iodination and label

The iodination procedure was that described by Renton et al. (1991) and is as
follows:

100 pg purified ovine LH (LER 1374A, kindly donated by Dr. L. Reichert,
Albany Medical College) was reconstituted with 500 ul 0.5 M phosphate buffer
and aliquots of 10 ul (2 ug oLH) each were put into conical iodination tubes
(Sarstedt Ltd, Leicester, England) and stored at -80 °C.

For iodination 2 ug oLH was thawed and 37 MBq of 151 (Amersham, UK) was
added into the conical tube without allowing it to mix with oLH. The reaction
was initiated following the addition of a freshly prepared solution of chloramine
T (BDH Chemicals Ltd; 10 mg in 10 ml 0.05 M phosphate buffer pH 7.4). The
three reagents were mixed and the reaction was stopped after 30'seconds by the
addition of a freshly prepared solution of sodium metabisulphite (BDH
Chemicals Ltd; 20 mg in 10 ml 0.05 M phosphate buffer pH 7.4). The mixture
was then applied to a G-150 sephadex column (100 x 1.6 cm) and eluted with

elution buffer. Fractions of 2 ml each were collected and 10 second-counts were
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carried out in an auto-gamma scintillation spectrometer. The column was

prewashed with elution buffer prior to adding the iodinated LH. Following the
elution process the column was washed with cleaning buffer.

Initially maximum binding tests were carried out for this ligand by Renton et al.
(personal communication) to detect the optimal fractions to be used. The three
fractions corresponding to the upper part of the second peak were consistently
found to give an acceptable maximum binding and so in all subsequent
iodinations were chosen without further testing (figure 2.1). The chosen
fractions were divided into 100 ul aliquots and stored at -20 °C until used.

For every assay the working solution was prepared by further diluting the label

with assay buffer to give 12000 to 17000 counts per minute per 100 ul.

4.2.3. Antiserum
The first antibody used was a rabbit anti-sheep LH serum (NIDDK-Anti-oLH-1,
AFP-192279) supplied by Dr. Reichert at a 1:100 dilution in 2% normal rabbit
serum in phosphosaline buffer containing 0.01% merthiolate. Further dilution
to 1:1000 was made with assay buffer and solution was divided into aliquots and
stored at -20 °C. The antiserum was used in the assay at a final dilution of
1:320000. This concentration was chosen after carrying out a test to establish the
antibody dilution curves in presence of three different concentrations of

standard, ie. 0, 4 and 16 ng/ml bLH, (figure 2.2).

4.2.4. Standards
Purified bovine LH (USDA\bLH\1\1), supplied by the National Institute of
Health - USA, was used for the standard curve. Aliquots of 1 ml at a
concentration of 125 ng/ml were prepared and stored at -20 °C. The working
range of the standard curve was 0, 0.24, 0.48, 0.97, 1.95, 3.9, 7.8 and 15.63 ng/ml
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and was set up at the beginning of every assay by diluting the 125 ng/ml aliquot

with assay buffer to obtain a solution of 15.63 ng/ml. Of this, serial double

dilutions were made to cover the range down to the 0.24 ng/ml standard.
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Fig. 2.1 Elution profile of iodinated LH
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Fig. 2.2 Antibody dilution curves
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4.2.5. Second antibody

The second antibody used was Dynospheres® donkey anti-rabbit provided by the
Royal Infirmary, Glasgow (McConway et al., 1986).

4.2.6. Assay protocol
The assay was set up to include four tubes for total counts (TCs), two tubes for
non-specific binding (NSB), and two tubes for each of the standards and
samples. In all assays 100 ul of assay buffer was added to the (0) standard tubes
and 100 pl of every appropriate standard or plasma sample was added to the
other corresponding tubes. The first antibody was then added (100 ul) to all
tubes except the TCs and NSB tubes. Instead assay buffer (100 ul) was added
to the NSB tubes. The reagents were mixed by gentle shaking of all tubes and
incubation was carried out overnight at 4 °C. The following day 100 ul of the
radioactive label was added to all tubes, reagents were mixed and incubation
continued for an additional night at 4 °C. '
Separation of the bound and free fractions was achieved by addition of 100 ul
of second antibody to all but the TCs tubes and a further incubation at room
temperature for at least one hour. Physiological saline (1 ml) was added to all
tubes but the TCs, centrifugation at 2000 x g, at 4 °C for 25 minutes was carried
out and supernatant aspirated and decanted. The precipitate was counted using
an auto-gamma scintillation spectrometer (Packard 5230, Berks, England). The
curve was plotted and results calculated using a computer program (S.A.S
Immunoassay Program 632014).
Plasma samples of known high and low LH were included twice to three times
in every assay to act as quality controls.
Samples with a higher value than the higher standard (> 15 ng/ml) were

repeated in another batch after a two to three-fold dilution in fetal calf serum.
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4.2.7. Assay validation

a) Specificity
Specificity of this antiserum in terms of its reactivity with pituitary hormones
other than LH was challenged in the supplier’s laboratory with highly purified
preparations of oFSH, oGH, bTSH, oPRL and ACTH and was equal to:

oFSH 6.2%,
oGH 0.61%,
bTSH : 0.16%,
oPRL and ACTH 0% each.

b) Repeatability of standard curve
A composite standard curve from ten assays is presented in figure 2.3.
Repeatability was poor at low LH concentrations (first four standards). Other

parts of the curve were highly repeatable.

¢) Precision
The intra-assay coefficients of variation derived by twelve times assaying two
plasma pools containing high and low LH concentrations were 8.24 and 6.09%
at 15 and 8 ng/ml respectively.
The inter-assay coefficients of variation calculated for the same plasma pools

were 7.58 and 5.9% at 15 and 8 ng/ml respectively (n = 6).
d) Sensitivity

The sensitivity of the assay defined as twice the standard deviation of the blank

values (i.e. maximum binding), was 2.09 * 1.62 ng/ml (n = 10).
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e) Accuracy

For assessment of accuracy known amounts of bLH standards at a
concentration of 7.8, 3.9, and 1.9 ng/ml were added to a pool of low LH samples
and assayed. The mean * s.d. recovery value of 93.32% (= 7.73) was obtained.

This being done once.

f) Parallelism
Samples of known LH concentration (%5 ng/ml) were diluted serially 4/5, 3/5,
2/5 and 1/5 with either assay buffer or donor calf serum and assayed. The dose-
response curves produced with either donor calf serum or assay buffer appeared

to be parallel to the standard curve (figure 2.3).

g) Validity of the LH radioimmunoassay results
This assay was primarily intended to identify the LH surge and so was designed
to measure high values with acceptable accuracy and precision. As this sort of
’biological targeting’ is usually more important than maximisation of sensitivity,
the latter had to be sacrificed in this assay and therefore variations occurring at
baseline values were ignored. The choice of an anti-ovine serum was because
the labelled ligand was ovine LH. The latter was readily available in our
laboratory because it was used in canine LH assay. To allow for the reaction
antibody-bovine standard (sample) to reach equilibrium without major
displacement by the labelled ovine LH, incubation was carried out in two stages

with the latter being added last.
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5. Ultrasound examination and rectal palpation of reproductive tract

Ovarian structures were monitored by both manual palpation and by real-time
ultrasound using a real time B-mode scanner equipped with a 7.5 MHz probe
(Concept I, Dynamic Imaging Ltd) as described in chapter one. Table 2.2 shows
the frequency of ultrasound examinations of progestin-treated animals during
the experiment. Follicles were characterized as small (< 0.8 c¢cm of diameter),
medium (0.8 to 1.5 cm diameter), and large (> 1.5 cm diameter).

A follicular wave was defined as the appearance of a group of small to medium-
sized follicles dominated by a follicle of more than 1 cm which increased in size
between at least two sessions of scanning. The criteria used to describe a CL on
ultrasound were as described in chapter two. Size of luteal and follicular
structures was measured using the in-built scanner callipers. Scanning sessions
were recorded on VHS video tapes and these subsequently reviewed for
collection of data.

Animals synchronized with prostaglandin were not scanned during treatment.
Instead rectal palpation for the presence or otherwise of a CL and large follicles
was carried out once prior to the first injection, twice during the interval
between the two injections and once after the second injection.

Ultrasound was used in all animals for pregnancy diagnosis on days 21 and 34

after Al using the method described in chapter two.
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III. RESULTS

Part (i): Progestogen/oestradiol groups

Table 2.3.

Details of ultrasound examination and circulating plasma progesterone
concentrations prior to progestogen treatment indicate that five of the six cows
were cycling at the start of the experiment (CL seen on ultrasound and raised
progesterone). One cow in Group 2 (No. 56) had several cystic structures on the

right ovary and one "cystic" follicle on the left ovary.
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Table 2.3 Details of circulating plasma progesterone concentration and ovarian structures
prior to the initiation of progestin treatment (day of Prosolvin injection).

Cow's
Group identity

1 24
7

2 22
56

3 23
19

Day of

trial

(-14)

(-2)

(-2)

92

Plasma
progesterone

(ng/mt)
3.2
2.1

8.7
<0.5

3.2
10

CL

present
present

present
absent

present
present

Number of large
follicles
(>1.S5cm)

one (left ovary)

one (left ovary)
cysts (both ovaries)

one (right ovary)
one (left ovary)



Plate 2.1.

The image of a scan of the right ovary of cow No. 56 is shown. Two of the cysts
present are visible. Note that from the thinness of the walls it cannot be said

that they are luteinized.

93



cow MO. 94

QLA4Q0 VET fCHOOU

D;&"*90MM
SC9CCM FEZ 7. 9MM*
k 1149 04/01/*!

94



Table 2.4.

This table summarizes both the ovarian status and the associated circulating
plasma progesterone concentration on the day of Crestar/PRID insertion and
during the treatment period. At the start of the treatment, progesterone
estimation indicated that only in the cows of group 1 was there fully functional
luteal tissue (> 2 ng/ml). Note that in the animals in group 3 the progesterone
was 1.6 and 1.8 ng/ml. Ultrasound indicated that a CL was present in both cows
of group 1 and in one cow of group 2 (cow No. 24). No CL was recorded by
ultrasound in the remaining three cows (No. 56, group 2; No. 23 and 19, group
3).

No functional CL was identified during the treatment period in groups 2 and 3.
Raised progesterone was recorded in the circulating plasma of both cows in
group 1 until two days after Crestar insertion. As determined by

ultrasonography CLs were still present in the ovaries of these cows until day six.
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Details of the various changes in follicular dynamics observed during treatment

are given in figures 2.4a, 2.4b and 2.4c. Onl)" medium and large follicles are

shown. However small follicles were observed on most occasions.

Figure 2.4a.

In cow No. 24 (group 1), at the start of the treatment the morphologically
dominant follicle was in the right ovary. By the end of the treatment a follicle in
the left ovary developed and ovulated following removal of the progestogen
releasing implant.

In cow No. 7 (group 1) most of the medium-sized and large follicles were in the
right ovary at the beginning of the treatment. These were apparently replaced
by a fresh follicle from the left ovary which was in turn replaced by another

dominant in the right ovary. The latter was the one which ovulated.
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Fig. 2.4a Changes of follicular pattern
during Crestar treatment in group 1
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Figure 2.4b.

In cow No. 22 (group 2) both ovaries had medium to large follicles at the start
of the treatment and the largest was in the left ovary. Only one large follicle was
observed on day two of the treatment when no medium-sized ones were present.
By the end of the treatment medium-sized follicles had developed in the left
ovary and one of these became dominant and ovulated.

In cow No. 56 (group 2) the size of the cysts in the right ovary did not appear to
change during the treatment period. In the left ovary one cyst was observed and
no medium or large follicles were present. This cystic follicle decreased in size
during treatment and was replaced by two medium-sized follicles one of which

ovulated following removal of the progestogen implant.
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Fig. 2.4b Changes of follicular pattern

during Crestar treatment In group 2
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Figure 2.4¢c.

In cow No. 23 (group 3) the large follicles present in the right ovary at the
beginning of the treatment were absent during subsequent scanning sessions
and follicles in the left ovary were observed by the end of the treatment. Note
also that three medium-sized follicles appeared on day 12 (day of AlI).
Ovulation occurred in the left ovary.

In cow No. 19 (group 3). Medium and large follicles were seen in both ovaries
on most occasions. An unusually large follicle present in the left ovary at the
beginning of the treatment persisted throughout the treatment period and
showed a slight decrease in size. In the right ovary two waves of follicles
apparently occurred, the last one being at the end of the treatment. However no
other follicles other than the persistent one were observed in the left ovary and

the latter ovulated following removal of the PRID.
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Fig. 2.4c Changes of follicular pattern

during PRID treatment in group 3
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Table 2.5.

In this table the findings at the end of the Crestar / PRID treatment period are
presented. In group 1, on the day of removal of the ear implant, the CL present
in both cows at insertion had regressed. Two medium-sized follicles were
present in the ovaries of cow No. 7 and one large follicle in one of the ovaries of
the other cow (No. 24).

In group 2, where the cows had no functional CL at insertion of Crestar, by the
end of treatment the normal cow (No. 22) had a large follicle whereas in cow
No. 56 the cysts were still visible in the right ovary and a large follicle in
addition to two medium-sized follicles (data shown in table 2.6) were present in
the other ovary.

In group 3 in cow No. 19 a large follicle (1.8 cm in diameter) which was in the
left ovary at the beginning persisted to the end of treatment. Another large
follicle was present in the right ovary by the end of treatment. However the
follicle in the left ovary appal_-ently ovulated as the subsequent CL was in that
ovary. The other cow in this group (No. 23) had only a medium sized follicle by
the end of treatment. |

Worthy of note is the fact that in one of the cows in group 3 treated with PRID,
the circulating plasma progesterone concentration on the day of removal of the

PRID was almost basal whereas in the other it was still raised.
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Table 2.5 Details of circulating plasma progesterone and ovarian structures on the
day oftermination ofthe progestin treatment.

Cow's Progesterone Number of follicles
Oroup identity (ngmC) CL
Large Medium
1 24 <0.5 1
7 <0.5 2
2 22 <0.5 1
56 <0.5 Cysts in right ovary
One large follicle in the
left one
3 23 1.8* - 1
19 4.0* 2

*Progesterone releasedfrom PRID. Largefollicle =follicle of>1.5 cm in size.
Mediumfollicle =follicle o f>0.8 cm but <1.5 cm in size.
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Table 2.6.

This table includes the events recorded after removal of the progestogen device.
The majority of the cows were first noted in standing oestrus at approximately
44 hours after removal of the progestogen (either Crestar or PRID) and were
inseminated 4 hours later. Cow No. 56 (the cow with cystic ovary) showed signs
of oestrus approximately four hours earlier than the other cows. The interval
from termination of treatment to the appearance of the LH surge ranged
between 37 and 50 hours. The shortest interval occurred in the cow with cystic
ovaries. The maximum amplitude of the LH peak varied between 10.6 and 33.2
ng/ml with the lowest amplitude occurring in one of the cows treated with
PRID.

Twelve hours (sixteen for cow No. 56) after the first observed overt oestrus
(approximately 56 hours after removal) all 6 cows had a follicle of between 1.5

to 2.0 cm present in one ovary.
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Figure 2.5.

Pattern of the LH surge is presented. Note that the amplitude of the LH surge
varies between individuals in the same group. The correlation between the
timing of the onset of the LH surge and the onset of standing oestrus was most
obvious in group 3.

In cows of group 1 the LH peak occurred about six hours after oestrus was first
observed in cow No. 7 and four hours before oestrus was first observed in cow
No. 24. Both cows were first observed in oestrus at the same time.

In cows of group 2 (including cow No. 56) the LH surge occurred, one and three
hours before overt oestrus was first observed in cows No. 22 and 56 respectively.
Cow No. 56 was first seen in standing oestrus four hours earlier than cow No.
22,

In cows of group 3 the LH surge occurred one hour after and one hour before
the onset of overt oestrus in cows No. 23 and 19 respectively. In one of the cows
(No.23) a relatively reduced amplitude of the LH surge was noted. Both cows

were seen in oestrus at the same time.
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Fig. 2.5 Pattern of LH surge following
removal of progestin treatment
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hapte

Five of the six cows treated with progestins became pregnant. The cystic cow did
not conceive. However she did ovulate at the oestrus after removal of implant
and a functional CL was formed (plasma progesterone concentration of more

than 10 ng/ml).

Part (ii): Prostaglandin group

Table 2.7.

All cows had a CL determined by rectal examination on the day of first
prostaglandin injection. Following the first prostaglandin injection only one cow
(No. 94) apparently came into oestrus. This animal was in fact not seen in
standing oestrus, but a clear vaginal discharge (bulling string) was observed and
it was assumed that the cow was close to oestrus. Rectal palpation was carried
out on all the cows on two separate occasions during the ten days between the
prostaglandin injections. On both occasions a palpable CL of a size suggesting
functional status was recorded in all the cows except cow No. 94 in which a large
follicle and a small firm regressing CL were found.

Following the second injection, three cows were seen in standing oestrus. In
Cow No. 94 no evidence of oestrus was observed after the second injection of
prostaglandin, although she showed some vague signs of prooestrus ie.

reddening of the vestibular mucosa, restlessness, etc...
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Table 2.8.

This table summarizes important hormonal parameters collected around the
time of synchronized oestrus and six or seven days afterwards. On the day of
synchronized oestrus, all the cows had a circulating plasma progesterone
concentration of less than 0.5 ng/ml including cow No. 94 (day of Al for this
cow). The LH surge was detected in all cows and its maximal amplitude varied

between 8.9 and 18.3 ng/ml.

111



“ERES

IT)

vO
112



Table 2.9.

This table compares the timing and the amplitude of LH surge and the timing of
onset of oestrus in both progestin- and prostaglandin-treated groups. The mean
amplitude of the LH surge in the prostaglandin-treated group was lower but not
found significantly different (P = 0.12) from that found in the cows
synchronized with progestogens (13.58 + 3.84 vs 22.6 * 9.9 ng/ml; mean *
s.d.). Both the intervals from ’second prostaglandin injection’ to (a) ’onset of LH
surge’ and (b) ’first observed oestrus’ were longer in the prostaglandin-treated
group than in the progestin-treated cows. Similarly this result could not be
confidently qualified as significant (P = 0.15). Circulating plasma progesterone
concentration and rectal palpation on day six or seven following synchronized
oestrus confirmed the presence of a functional CL.

Out of the four cows treated, two (No. 17 and No. 115) became pregnant to the

double Al carried out following synchronized oestrus.
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Figure 2.6.

In this figure the timing of the LH surge in relation to onset of oestrus for the
four cows of this group is shown. Note that both the timing of the onset of LH
surge and the timing of the first observed oestrus appeared to vary widely
between individual cows.

Note that cow No. 94 was not observed in oestrus following the second

Prosolvin injection.
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IV. DISCUSSION.

The studies described in 