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ABSTRACT 

The luteolytic process in the mare has been left relatively unexplored in recent times, 

while research has progressed considerably in our other domestic species. The role of the 

immune system in ovarian function has received increasing attention since the ovulatory 

process was first compared to an inflammatory reaction. The corpus luteum is highly 

vascular and hence large numbers of white blood cells circulate through it at all times. In 

addition resident populations of different immune cells have been identified in the CL of a 

number of different species throughout the oestrous cycle, with variations in these 

populations reported in association with key events such as ovulation and luteolysis. 

Initially attention focused on macrophages, whose only involvement was thought to be in 

clearing up damaged cells during structural regression. However, studies on other 

inflammatory cell populations have revealed that some of these, particularly lymphocytes, 

also vary with stage of the oestrous cycle, suggesting that they may play physiological 

roles in functional regression. 

We investigated the presence, and changes in numbers, of populations of inflammatory 

cells in the equine CL at different stages of the oestrous cycle, after exogenous PGF2a 

administration to artificially induce luteolysis, and in early pregnancy. As found in other 

species, populations of cells did vary with stage of the cycle, and the selective infiltration 

of cytotoxic T -cells identified prior to functional luteolysis may indicate a role for them in 

this process. Changes in MHC class II expression by luteal cells, which could potentially 

instigate an immune reaction, were not identified in our study. Investigation of the 

chemoattractant properties of luteal tissue taken at comparable time -points, revealed that 

even by day 12 -14 of the cycle leucocytes were attracted to the CL. This increased after 

functional luteolysis, especially with regard to mononuclear cells, while PGF2a- treated 

tissue expressed even greater attractant activity. The identity of the chemoattractants was 

not determined, although collagen or collagenases may play a minor role. 
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Administration of GnRH analogues to cattle in dioestrus has been reported to prolong 

luteal function, and improve pregnancy rates to the preceding insemination. In attempting 

to create a model for prolonged luteal function in the mare, a GnRH analogue was 

administered, and endocrine and ovarian responses monitored. Treatment had no 

significant effect on oestrous cycle length, progesterone levels, or follicular dynamics. It 

did however significantly reduce oestradiol levels compared to control cycles. This may 

reflect altered folliculogenesis, which, in turn, could affect luteolysis. This was not 

detected in our study, and therefore did not provide us with a model for prolonged luteal 

function. 

Treatment of mares with a GnRH antagonist during dioestrus has previously been found 

to attenuate progesterone levels, and cause premature luteolysis in treated animals, 

indicating a role for LH in supporting equine luteal function. We further investigated the 

role of gonadotrophins in equine luteal function by identifying and localising LH receptor 

mRNA expression in equine follicles and CL by in situ hybridisation. Expression was 

maintained in CL until functional luteolysis, after which it was considerably reduced. 

mRNA levels also remained high in CL of early pregnancy, while PGF2a treatment had 

varying results. 

These findings demonstrate that cells of the immune system are potential key players in 

functional luteolysis in the mare, although their precise role requires further clarification. 

We have also shown that the CL produces chemoattractants to signal to these cells at the 

appropriate time, although the nature of these substances needs additional investigation. 

Gonadotrophins have also been identified as significant in luteal function, and our studies 

have indicated a means by which they may affect luteolysis. In addition we have 

definitively identified and localised sites of LH receptor mRNA in equine follicles and CL. 

More detailed studies of receptor expression in follicle populations prior to ovulation, and 

in different luteal cell populations, would help to further our knowledge of the equine CL, 

its formation and functions. 
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Chapter 1 

Literature Review 

`Happy is he who has been able to learn the cause of things' 

Virgil 

1.1. Introduction 

The horse is an important veterinary species comprising the vast majority of the large 

animal caseload at veterinary schools in the UK. Horse breeding also represents an 

important `industry' in many parts of the world. Despite this, surprisingly little is 

known about the mechanisms regulating ovarian function in the mare. Further 

understanding of the reproductive physiology of this species is essential for the 

advancement of veterinary science, and equine stud practice. The mare is unique 

among domestic species with regard to many aspects of her reproductive physiology. 

In common with other species however is the fact that the corpus luteum (CL) is 

pivotal in both the oestrous cycle and in early pregnancy. Artificial control of the 

length of the cycle is required by horse breeders to allow breeding at convenient 

times. This is becoming increasingly important now that the use of artificial 

insemination in the mare is becoming more widespread, and other assisted 

reproductive techniques are also being used more commonly. Development of 

additional or alternative therapies for induction of luteolysis would be beneficial to the 

veterinarian who frequently has no idea of the stage of dioestrus when he /she is asked 

to short-cycle a mare. Knowledge of the stage of the cycle when inducing luteolysis is 

important as the mare CL has a limited `sensitive' phase for the luteolytic effects of 

PGF2a, which is just half the lifespan of the CL, or one third of her oestrous cycle. 

(This will be explained in further detail in Section 1.3.4.1.). 

Control of the natural luteolytic process in the mare is not well documented. It is 

essential therefore that if progress is to be made in our understanding of luteal 

function in the mare, experiments are carried out using horse luteal tissue, as studies 
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on the mechanisms involved in other species cannot be directly extrapolated to the 

horse due to the unusual characteristics of its reproductive biology. 

The role of the immune system in reproductive function has relatively recently come 

under investigation in a number of different species. Advances in both the field of 

immunology and reproductive physiology have revealed interactions in function 

between the two systems (Mori, 1990; Stern and Coulam, 1992). The cells of the 

immune system, along with their products, have been found to be capable of 

influencing reproduction from the level of the hypothalamus to the ovary (Tabibzadeh, 

1994). Immune cells present in, and circulating through, the ovary have been 

suggested to be involved in key ovarian events such as ovulation and luteolysis 

(Espey, 1980; Brannstrom and Norman, 1993; Espey, 1994; Pate, 1995). As immune 

cells are capable of producing an array of biologically active substances, the number 

of possible interactions are vast, and the precise mechanisms by which they may exert 

their effects have yet to be fully established in any species. In addition, of all the 

domestic species, the mare is probably the least investigated with regard to ovarian, 

and luteal, function, and the role the immune system may have to play. 

Gonadotrophins, particularly luteinising hormone (LH), are known to play a pivotal 

role in follicle development and maturation, and maintenance of the CL in a number of 

domestic species. Although a similar role for LH in the mare has not been identified 

conclusively, a number of facts support this hypothesis, and will be expanded on later 

in this chapter. Studies on LH receptors in the mare have, to date, mainly utilised 

radiolabelled hormones in binding assays to assess receptor presence, number and 

affinity in luteal, granulosa and theca cell preparations. One immunohistochemical 

study indicated the presence of LH receptors in equine ovarian follicles (Tuttle et al., 

1991). To our knowledge however, there have been no attempts to definitively 

localise LH receptors, by identification of receptor messenger RNA, in equine follicles 

or corpora lutea. 
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This review will briefly discuss the basic physiology of the oestrous cycle in the mare, 

and what is known about mare CL structure, function and regression, noting the 

differences to other species in its reproductive biology. The role of the immune system 

in reproduction will be reviewed, as will the role of gonadotrophins. Due to the 

paucity of work in horses in many of these areas, reference to findings from other 

species will be necessary throughout. Where relevant, equine studies will also be 

discussed. 

1.2. The equine oestrous cycle 

The mare is a seasonal polyoestrous animal. Reproductive activity is regulated 

primarily by photoperiod, and also by nutrition and climate, principally temperature. 

In the temperate climatic zones around the world, the majority of mares undergo 

cyclic sexual activity during the spring and summer (natural breeding season, from 

April- September approximately in the Northern hemisphere), and only a few mares 

are reproductively active during late autumn and winter ( Daels and Hughes, 1993). 

The increase in daylength in early spring gradually stimulates ovarian activity through 

its actions on the pineal gland. The signal sent from the pineal gland involves secretion 

of the pineal hormone, melatonin, with exposure to light resulting in decreased 

melatonin secretion (Sharp, 1988). As melatonin has an anti -gonadotrophic effect in 

the mare, this results in increased levels of both follicle - stimulating hormone (FSH) 

and LH. This in turn leads to stimulation of normal follicular growth and 

development. Initially follicular development may be irregular with development and 

regression of follicles continuing for some time, and eventually culminating in the first 

ovulation of the season (Ginther, 1990). Mares generally continue to have regular 

ovulatory cycles after this. In autumn the percentage of mares ovulating gradually 

decreases as increasing melatonin levels exert their anti -gonadotrophic effects, and 

only a small percentage will continue to cycle through the winter (Daels and Hughes, 

1993). 
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Extending the photoperiod in the evening by artificial light supplementation, 

suppresses melatonin release and stimulates ovarian activity (Sharp and Davis, 1993). 

This is quite a common stud management procedure for thoroughbred mares to 

advance the onset of normal oestrous cycles, as a considerable portion of the official 

breeding season takes place before mares begin to cycle regularly naturally. The use 

of gonadotrophin -releasing hormone (GnRH) agonists has recently been reported also 

to be of use in advancing the onset of ovarian cyclicity (Johnson, 1987; Hyland et al., 

1987; Ginther and Bergfelt, 1990; McKinnon et al., 1993), by their actions on 

gonadotrophin release. 

The oestrous cycle of the mare averages 19 -22 days in length. Oestrus is the period of 

sexual receptivity, and usually lasts 5 -7 days during the breeding season, This may 

shorten somewhat near the longest day of the year, which probably represents an 

acceleration of folliculogenesis prior to ovulation with increasing favourable 

photoperiod (Hughes et al., 1980). Signs of oestrus in the mare are due to the 

absence of progesterone, rather than solely due to the presence of oestradiol (Hughes 

et al., 1972a; Hughes et al., 1972b). Ovulation is much more reliably associated with 

the end of behavioural oestrus than the beginning, the majority taking place 24 -48 

hours before the end of oestrus (Hughes et al., 1972b; Watson et al., 1994). The 

mare, in contrast to most other species investigated, does not show an acute 

preovulatory LH peak. There is a gradual increase for the 6 -7 days prior to ovulation, 

maximum levels occur approximately 2 days after ovulation, and then decline 

progressively over 4 -5 days to low dioestrus concentrations (Evans and Irvine, 1975; 

Geschwind, 1975; Noden et al., 1974; Oxender et al., 1977). Follicles range between 

35 and 50 mm at ovulation, with an average diameter of 45 mm (Pierson and Ginther, 

1985; Pierson and Ginther, 1987; Watson et al., 1994). The incidence of double 

ovulations averages around 16% in mares, with certain breeds noted for higher (e.g. 

Thoroughbred, Draught breeds) or lower (e.g. Appaloosa, Quarter Horse) than 

average rates (Ginther, 1992a; Ginther and Pierson, 1989). Following ovulation the 

cavity of the follicle fills with blood within 12 hours to form the soft, mushy structure 

termed the corpus haemorrhagicum (CH). This structure usually reaches its maximum 
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size within 2 -2.5 days, maturing to form the `rubbery' corpus luteum. 

Ultrasonography has revealed that two different types of CL can be formed, those 

with fluid -filled centres, and those that appear solid. Both types appear to function 

equally well in terms of progesterone secretion (Townson and Ginther, 1989; 

Townson et al., 1989). Concentrations of progesterone produced by the CL increase 

in blood within 24 hours of ovulation, reach maximal values within 6 days, and remain 

elevated during the luteal phase, which lasts approximately 14 -15 days. The high 

levels of progesterone during dioestrus are responsible for the behavioural signs 

displayed by the mare, rejecting any advances of other horses. The high progesterone 

levels also exert a negative feedback on both LH release from the anterior pituitary, 

and gonadotrophin releasing hormone (GnRH) from the hypothalamus. This inhibits 

follicular maturation although waves of follicular growth occur throughout the luteal 

phase under the influence of FSH. As in other species PGF2a appears to be responsible 

for regression of the CL at the end of the oestrous cycle of the mare (Douglas and 

Ginther, 1976; Stabenfeldt et al., 1981). Luteolysis occurs around day 14 or 15, with 

a corresponding rapid decline in progesterone level. This is essential to remove the 

negative feedback on GnRH and LH, permitting an increase in GnRH frequency and 

amplitude, and a concomitant release of FSH and LH from the anterior pituitary. This 

results in follicular growth and ultimately maturation of the dominant follicle of the 

next oestrous cycle (Daels and Hughes, 1993). 

1.3. The equine corpus luteum 

1.3.1. Gross structure 

The histological structure of the equine ovary is unique among domestic mammals 

(Mossman and Duke, 1973; Niswender and Nett, 1993), due to the corticomedullary 

reversal that occurs during embryonic development resulting in its "inside out" 

structure. It has a peripheral collagenous connective tissue vascular zone around a 

central parenchymatous zone, which contains developing and atretic ovarian follicles, 

corpora lutea and corpora albicantia, the CL remnants from previous ovarian cycles. 
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The parenchymatous zone surfaces at the ovulation fossa, the only site on the ovary 

where ovulation can occur, and during folliculogenesis, maturing follicles move 

toward the fossa as they enlarge to preovulatory size. The pre -ovulatory follicle in the 

mare exhibits unparalleled growth of up to 3.5 mm/day in the last seven days before 

ovulation. The diameter at ovulation can be up to 60 mm, compared to 7, 10, and 15 

mm in the sheep, pig and cow. The mean diameter of the pre -ovulatory follicle ranges 

from 45 -50 mm, with 35 mm often quoted as the minimum diameter at ovulation. 

Mature equine ovarian follicles become less turgid immediately before ovulation, and 

are replaced by the soft corpus haemmorhagicum when the follicular cavity fills with 

blood after release of the ovum. The developing CL is initially reddish in colour, and 

does not bulge above the surface of the ovary, though it may project slightly into the 

ovulation fossa. As it matures the CL becomes orange -yellow in colour. 

Approximately half of equine CLs have a central cavity, which appears fluid -filled on 

ultrasonographic examination. Such CLs appear to function identically to the 

homogenous solid CLs. At the end of the oestrous cycle the CL undergoes functional 

luteolysis, and a rapid decline in progesterone production. Structural regression 

occurs more slowly, and remnants of CL from previous cycles, corpora albicantia, can 

usually be seen in the ovarian tissue. 

Grossly the mature CL has a folded or trabeculated appearance when viewed on a cut 

surface, which is very distinctive to the mare. This folding results from the collapse of 

the extremely large equine follicle at ovulation so that the inner wall is thrown into 

macro- as well as micro -scopic folds which penetrate the central cavity (Fig. 1). The 

folds, or trabeculae, consist of a central core of stromal tissue and large blood vessels 

(Van Niekerk et al., 1975). The central follicular cavity becomes progressively filled 

in as the whole structure luteinises, and the mature CL has a solid although 

trabeculated appearance. The trabeculae diminish in size as the CL matures, and 

become merely a support for the extensive vascular network passing into the CL. The 

CL is generally irregular, mushroom- or gourd -shaped with the luteinised process 

leading from the body of the gland to the ovulation fossa (Ginther, 1992a). As 

regression begins, the luteal structure takes on a lighter appearance because of 
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Figure 1 a. Equine ovary in cross -section, containing one functional day 10 CL (arrow), 
and an old, regressing CL (arrowhead). 

Figure 1 b. H & E section of a mid -luteal stage CL, with an obvious trabeculus (arrow) 
running between two areas of luteal tissue (LT). 



decreasing vascularisation and increasing connective tissue organisation. By the time 

oestrus occurs, it has become straw -coloured, and regression of this structure, now 

termed the corpus albicans, continues during the subsequent dioestrus. As the size 

decreases, the pigmentation residues are condensed into an increasingly smaller mass. 

The structure consequently becomes darker, with hues of orange, red or brown 

(Ginther, 1992a). 

1.3.2. Luteal ultrastructure 

The ruminant CL is known to be made up of a variety of cell types (O'Shea, 1987; 

Fields and Fields, 1996). Although luteal cells constitute a significant proportion of 

these cells, the CL also contains other non -luteal cells, which include fibroblasts, 

endothelial cells, and cells of the immune system, particularly macrophages (O'Shea et 

al., 1989; Lei et al., 1991). The CL is very vascular, receiving the highest blood flow, 

relative to its size, of any organ (Smith et al., 1994). Therefore, not surprisingly, 

many of the non -luteal cells present are associated with the extensive luteal vascular 

network. Collagen and other extracellular matrix proteins have also been identified in 

the CL of a number of different species (Luck and Zhao, 1993; Luck, 1994; Ricken et 

al., 1995; Luck et al., 1995; Zhao and Luck, 1995; Zhao and Luck, 1996), and are 

increasingly being recognised for their importance in ovarian function, in a regulatory, 

as well as a structural role (Luck, 1994). 

In domestic ruminants, rabbits, rats and several primate species luteal cells appear to 

be derived from both steroidogenic cell types present in the preovulatory follicle, the 

cells of the theca interna and granulosa cells (Niswender et al., 1985). Ruminant luteal 

cells can be divided into two distinct populations, large luteal cells and small luteal 

cells, based on cell diameter (Ursely and Leymarie, 1979; Koos and Hansel, 1981). 

Small cells are thought to originate from the theca interna and have a diameter range 

of 10 -22 µm. The size quoted for large luteal cells varies with the method used to 

examine them, but are generally regarded as having a diameter of 20 -45 pm (Hansel et 

al., 1987; O'Shea et al., 1989), and are thought to originate from granulosa cells. 

Sizes of these two distinct cell populations may overlap (O'Shea et al., 1990). There 
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are also ultrastrucural differences between small and large luteal cells (Koos and 

Hansel, 1981; O'Shea et al., 1990). Small luteal cells contain abundant mitochondria 

and lipid droplets, but do not contain stacked rough endoplasmic reticulum or protein - 

containing secretory granules. These cells possess receptors for LH, which activate 

the protein kinase A second messenger system to stimulate synthesis and secretion of 

progesterone. Large luteal cells also contain abundant mitochondria, but do not have 

lipid droplets. They have stacks of rough endoplasmic reticulum in their cytoplasm 

and copious protein -containing secretory granules. Large cells are known to be the 

source of luteal oxytocin and relaxin in ruminants and also contain receptors for PGE 

and PGF2a (Alita and Hansel, 1984), and most of the luteal receptors for oestradiol. 

Activation of the protein kinase C second messenger system, which is stimulated by 

PGF2a, inhibits the synthesis and secretion of progesterone. Therefore these cells 

appear to play a critical role in mediating the luteolytic process in ruminants. 

Based on histological studies (Harrison, 1946; Van Niekerk et al., 1975; Levine et al., 

1979) the steroidogenic cells of the equine CL appear to be derived primarily, if not 

exclusively, from granulosa cells. According to one study (Van Niekerk et al., 1975), 

by the time ovulation occurs theca cells are already in various stages of degeneration. 

After 24 hours they occupy the distal parts of the folds that result from the collapse of 

the preovulatory follicle, and their degeneration is nearly complete. These cells are 

replaced by hypertrophied fibroblasts, which can easily be confused with the thecal 

cells to give the erroneous impression that the theca cells contribute to luteal tissue. In 

contrast, granulosa cells have enlarged by approximately 50% by 24 hours following 

ovulation, measure 15µm in diameter, and undergo cytologic changes characteristic of 

luteinisation. However, an earlier study of the developing equine CL ascribes more of 

a role to theca cells in the equine CL. Harrison (1946) describes theca interna cells as 

being sparsely scattered at the outer edge of the luteinising granulosa cells, as well as 

being carried out to the ends of the trabecular folds of the mural granulosa (Harrison, 

1946). These theca interna cells have been noted to proliferate prior to ovulation 

when they are most developed. The same study states that the luteal cells are derived 

from the granulosa cells, and reports an increase in size of these luteal' cells as 
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luteinisation progresses. At the same time there is invasion of the mural granulosa 

cells by the theca interna cells, which by this stage have lost all characteristics of a 

thecal gland. These thecal cells are seen interspersed among the luteal cells, and most 

markedly at the apices of the folds, which, 30 -48 hours after ovulation, take on the 

appearance of trabeculae. According to van Niekerk et al., (1975), luteinisation of the 

granulosa cells appears to be complete by three days post -ovulation, as indicated by 

their large complement of smooth endoplasmic reticulum, a distinguishing feature of 

luteinised granulosa cells. They also contain numerous clumps of lipid droplets, which 

have been reported to accumulate during in vitro luteinisation of cultured equine 

granulosa cells (Channing, 1969), as well as during in vivo luteinisation in other 

species (Levine et al., 1979). The study by Harrison (1946) describes the 6 day old 

CL as being compact, and well vascularised, with thecal cells evenly distributed 

among the very large luteal cells. He goes on to report that theca externa cells then 

begin to pass into the CL, lying between the luteal cells, where they can be 

differentiated from the theca interna cells by their flattened spindle shape as opposed 

to the rounded and smaller cells of the theca interna. In the study by van Niekerk et 

al. (1975) cell growth is reported to continue until day 9, when they are nearly four 

times original size, measuring 37.5µm in diameter, and maximal progesterone 

secretion occurs. As is the case in other species smooth endoplasmic reticulum (SER) 

is the most abundant organelle in these mature equine luteal cells. Studies have found 

that the enzymes responsible for progesterone synthesis are located in the SER. Thus 

the increased SER complement found in day 9 equine luteal cells compared with 

earlier cells, corresponds to the increased plasma progesterone concentrations seen at 

this time (Squires et al., 1974). The number of lipid droplets also changes with the 

course of the equine luteal cell life. Their numbers decrease during the period that 

peripheral progesterone levels increase (Squires et al., 1974), agreeing with findings 

in other studies, and suggesting that the contents of the lipid droplets are steroid 

precursors, and not secretory products. In addition, the presence of SER in close 

association with such lipid droplets is similar to that observed in cells actively 

involved in steroid synthesis. Maximal dimensions are maintained until day 12, when a 

progressive decrease occurs during the next four days. Harrison (1946) reports that 
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by day 14 the CL has reached its maximum size, and from then on it gradually 

diminishes in size. The day 14 luteal cells are very large, show peripheral vacuolation, 

and nuclei with a homogenous granular area around them, as seen in other animals. At 

this stage theca interna cells are found interspersed between luteal cells. 

According to van Niekerk et al., (1975), in addition to the large light- staining luteal 

cells, there also exist small cells, 5 -6µm in diameter, which have a homogenous 

eosinophilia and a condensed, darkly staining nucleus. These cells increase in number 

to reach their maximum around day 7, when they account for approximately 15% of 

the total luteal cell population. The proportion of dark to light cells remains fairly 

constant up to day 10, but thereafter increases to 25% by day 12, and to 60% by day 

14. It is thought that these small dark cells are in a resting stage and that they cease to 

be converted into the large, light variety when the latter begin to degenerate (Van 

Niekerk et al., 1975). 

In a normal oestrus cycle luteolysis begins around day 13 -14 post -ovulation. The 

large cells decrease in diameter, and by day 16 their diameter averages 20µm. This 

reduction in size is correlated with decreased circulating concentrations of 

progesterone. At the same time SER begin to exhibit regressive tendencies, and 

mitochondrial rarefication occurs, both indications of cellular degeneration. Luteal 

cells from day 15 frequently contain nuclei which also display signs of degeneration 

(Levine et al., 1979). By day 20, when the follicle of the next cycle is about to 

ovulate, most of the luteal cells are in an advanced stage of regression. The cytoplasm 

is very condensed or is fragmented, and the nucleus shrunken and pyknotic (Van 

Niekerk et al., 1975). 

The study by van Niekerk et al., (1975) describes the histological changes in the 

pregnant mare CL as being similar to those of the non -pregnant mare up to day 10 of 

the oestrous cycle. However, in the pregnant animal the proportion of the small dark 

cells then increases from 15% on day 10, to 25% on day 12 and to 35% on day 30. 

By day 36 this has increased further, and rapidly reaches 75 %, and by day 44, shortly 

before the recurrence of ovulation and formation of secondary corpora lutea, most of 

the lutein cells of the primary CL have become intensely eosinophilic. The average 
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diameter of the light staining luteal cells remains at about 37.511m between day 10 -20 

and reaches a maximum of 40µm on day 30 before regression sets in about day 38 -40. 

By day 44 the average cell diameter has dropped to 2011m, and regression, as 

described for the non -pregnant mare, is advanced. Ovarian activity in general is at its 

lowest on day 30, shortly before the resumption of ovarian activity, ending in 

ovulation day 40 -50. Progesterone levels in the CL and peripheral plasma also 

decrease and reach a nadir just before ovulation recurs. 

This early report describing regression of the primary CL has since been contradicted, 

and it appears that the primary CL remains functional along with the secondary CL 

until day 180 -200 of pregnancy. Secretion of progesterone from the primary CL 

increases up to day 8, followed by a gradual decrease until day 28 -30 (Holtan et al., 

1975; Moss et al., 1979). Apparently the primary CL undergoes partial regression 

during this time of decreasing concentrations of progesterone, which may be what van 

Niekerk et al., (1975) described in their study. Concentrations of progesterone then 

increase dramatically between days 30 and 40 (Holtan et al., 1975; Squires and 

Ginther, 1975), coincident with endometrial cup formation, and production of equine 

chorionic gonadotrophin (eCG)(Allen, 1969; Allen and Moor, 1972). The production 

of eCG is thought to be responsible for `rescuing' the primary CL, and stimulating the 

increase in progesterone concentrations observed at this time (Squires and Ginther, 

1975). 

Although an early study (Harrison, 1946) suggested that the trabeculae of the CL 

contained cells that originated from the theca interna, later studies have, as mentioned, 

stated that only the granulosa layer contributes to the CL. Subsequent structural and 

functional studies in the mare CL have tended to focus on the large cells (Levine et 

al., 1979; Roser and Evans, 1983) and have not considered the contribution of small 

cells to luteal function. A more recent study aimed to characterise the mare CL in 

terms of the different steroidogenic cell types present, and the steroidogenic 

responsiveness of isolated luteal cell types (Broadley et al., 1994). Histological 

examination of luteal tissue identified highly organised tissue, consisting of areas 

containing large cells interspersed with small cells. Sizes of cells were in agreement 
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with previously published sizes (Van Niekerk et al., 1975). Also in agreement with 

earlier work was their description of the distinct trabeculae of extracellular matrix, 

which contained much of the vasculature of the CL, along with some small cells. 

Small, elongated nonvascular cells with darkly staining nuclei were also observed 

within the trabeculae, and around the periphery of the CL. Dissociation of equine 

luteal tissue yielded both large and small cells. Mechanical dissociation produced 

proportions of large cells similar to those reported for intact tissue (Van Niekerk et 

al., 1975), while collagenase dissociation generated a relatively higher proportion of 

small cells. This was thought to be due to a combination of the release of small cells 

from the matrix of the CL, and the preferential destruction of large cells. Staining for 

the steroidogenic enzyme 3 -3- hydroxysteroid dehydrogenase (313-HSD) was localised 

mainly to the large cells. However both cell types were found to secrete progesterone 

in culture, indicating that at least some of the small cells derived from the mare CL are 

steroidogenic (Broadley et al., 1994). Another study has also identified two distinct 

subpopulations of cells based on size, and determined the steroidogenic capacity of 

these cells (Kelly et al., 1988). The majority of cells were 7 -18µm in diameter, with 

18 -25µm cells less abundant. Both cell populations stained positively for 3p -HSD 

activity. An additional study (Albrecht and Daels, 1997) has likewise identified two 

populations of luteal cells, large and small, both of which displayed steroidogenic 

enzyme activity. Large and small cells were also recognised in the equine CL in 

another earlier study, but the functionality of these cells was not assessed (Watson 

and Sertich, 1990). It has also been suggested that the large luteal cells themselves are 

not a homogenous population, and that they differ in their steroidogenic capabilities 

(Watson and Thomson, 1996). The precise cell composition of the mare CL, the 

definitive origins of the cells, and their relative roles in equine luteal function still 

require further investigation. 

1.3.3. CL function and control 

A wide range of factors of both local and systemic origin influence CL function in all 

species, acting in different ways at different stages of the oestrous cycle (Rothchild, 
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1981; Niswender and Nett, 1994; Milvae et al., 1996). The cellular composition of 

the CL, and particularly in ruminants the relative proportions of large and small cells, 

influences its function, and its response to controlling factors. However, although the 

different cell populations differ functionally when examined separately in vitro, it is 

inevitable that they all interact in vivo (Harrison et al., 1987; Del Vecchio et al., 

1994), which is likely to be significant in terms of overall luteal function in the live 

animal (Redmer et al., 1991). 

1.3.3.1. Luteinising hormone 

The main luteotrophic hormone in ruminants, non -human primates and women is LH 

(Auletta and Flint, 1988), which is released from the anterior pituitary in response to 

GnRH from the hypothalamus (Hansel, 1966; Weber et al., 1987). In the cow LH is 

essential in maintaining the functional integrity of the CL, particularly in the mid- to 

late- luteal phase of the cycle (Baird, 1992). In the initial stages of CL development 

progesterone secretion takes place independently of luteotrophic hormones 

(Rothchild, 1981). Despite LH being essential for support of progesterone synthesis 

by the CL, high concentrations of progesterone have a negative feedback effect on LH 

release, and therefore LH concentrations remain low throughout the luteal phase. In 

ruminants the number of LH receptors varies according to stage of the cycle 

(Diekman et al., 1978; Chegini et al., 1991). As the CL develops, increasing 

progesterone production is associated with an increase in receptor numbers (Jones et 

al., 1992), thereby possibly heightening its sensitivity to LH stimulation. There is also 

some evidence that progesterone may, in addition to regulating LH receptors, also 

have a direct luteotrophic effect itself (Rothchild, 1981). 

As in many other species (Baird, 1992), the mare CL appears to depend primarily on 

LH for trophic support. This is based on a number of lines of evidence. Firstly, 

antisera raised against the gonadotrophin fraction of equine pituitary extracts will 

induce luteal regression (Pineda et al., 1972). On the other hand, administration of 

human chorionic gonadotrophin (hCG) or equine pituitary extract can extend the 

lifespan of the CL in mares (Ginther,1992b). Long -term immunisation of mares 
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against GnRH produces a reproductive state analogous to seasonal anoestrus (Garza 

Jr et al., 1986). In addition, administration of a GnRH antagonist to mares during 

dioestrus has been found to cause reductions in progesterone concentrations, smaller 

CL than control mares, and early luteolysis (Watson et al., 1997). Together these 

results indicate the importance of LH in supporting equine CL function. 

There is however, limited information available on the presence and / or number of 

LH receptors in the equine CL relative to the stage of the cycle, or plasma 

progesterone concentrations. One study utilised crude luteal membrane preparations 

and radiolabelled hormones to evaluate LH receptors in the postovulatory period 

(Roser and Evans, 1983). There was a significant correlation between serum 

progesterone and LH receptor number, increasing up to day 13 after ovulation, and 

then declining, which is in agreement with findings in other species (Spicer et al., 

1981; Ziecik et al., 1980; Diekman et al., 1978). Also in agreement with these other 

species was the finding of maximum hormone binding in tissue collected from the 

mid -luteal phase of the cycle. However, as only membrane preparations were used in 

the study the localisation of the receptors could not be determined. A more recent 

study (Broadley et al., 1994) characterised the different steroidogenic cell types 

present in the mare CL, and the presence of LH receptors throughout the luteal phase. 

Luteal cells were obtained by mechanical or collagenase digestion of luteal tissue, and 

populations of large and small cells were identified. Both cell populations possessed 

LH receptors, which contrasts with findings in ruminants, where large cells possess 

few or no LH receptors (Fitz et al., 1982; Hoyer and Niswender, 1985). The same 

study (Broadley et al., 1994) showed a higher degree of LH binding than that 

reported in earlier studies (Stewart and Allen, 1979; Roser and Evans, 1983), and also 

observed no significant change in receptor affinity from day 3 through to day 14 of 

the oestrous cycle. This is in contrast to earlier findings of a five -fold increase in 

receptor affinity between day 1 and day 13 (Roser and Evans, 1983). One study in 

pigs had also reported increasing receptor affinity as the oestrous cycle progresses 

(Ziecik et al., 1980). However, most other studies have failed to demonstrate a 

change in LH receptor affinity in corpora lutea of other species (cattle and sheep 

( Diekman et al., 1978; Rao et al., 1979), humans (Bramley et al., 1987)). 
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The role of LH receptors in luteal function will be discussed further in Chapters 5 and 

6. 

1.3.3.2. Other factors involved 

Other factors thought to play luteotrophic roles include prostaglandin E2 (PGE2), 

which is thought to be especially important in the maintenance of pregnancy (Fitz et 

al., 1993; Shelton et al., 1990), and prostacyclin (PGI -2), another product of the 

arachidonic acid cascade (Milvae et al., 1986; Hansel and Dowd, 1986). The role of 

prolactin in CL support differs between species. In non -human primates and women it 

appears to be a non -vital luteotrophin, while it does not appear to influence CL 

function in ruminants (Auletta and Flint, 1988). The role of any of these substances in 

equine luteal function is, as yet, unclear. However, production of three prostaglandins, 

PGF, PGE2 and 6- keto -PGF -la (the stable metabolite of prostacyclin) by equine 

luteal cells has been identified (Watson and Sertich, 1990). The ratios of these three 

substances to each other were measured, and found to change with stage of the 

oestrous cycle. The authors suggested that prostaglandins produced by equine luteal 

cells may contribute to control of luteal function, and that the changing ratios of 

prostaglandins may be more important in controlling the lifespan of the CL than the 

absolute concentrations. 

Unique particulate subcellular fractions within the CL that can specifically bind 

radiolabelled progesterone with high affinity have recently been identified in a number 

of species. Similar specific high -affinity binding sites for progesterone have recently 

been identified associated with luteal cell- surface membranes of the mare (Bramley et 

al., 1995). Although these sites may be involved in the mechanism of progesterone 

secretion from the cell, other observations led the authors to suggest that this was 

probably not the case. The authors proposed that these specific progesterone binding 

sites may be involved in mediating autocrine / paracrine effects of progesterone on 

luteal cell function. They could therefore have a role in local regulation of luteal cell 

function. 
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Whether or not oxytocin plays a luteotrophic role in ruminants is unclear, as in vitro 

tests on luteal cells have found it to have variable effects on progesterone production 

(Tan et al., 1982; Milvae and Hansel, 1983; Miyamoto and Schams, 1991). However 

loss of luteal oxytocin in the sheep does not alter progesterone production, and so it 

seems unlikely that it is of importance in providing luteotrophic support (Sheldrick 

and Flint, 1983). Oxytocin appears to play a more substantial role in luteolysis in 

ruminants (Flint et al., 1986) which will be discussed further later in this review. 

Local factors are also involved in CL function, having both luteotrophic and luteolytic 

effects. These factors can be produced by luteal cells themselves, endothelial cells and 

fibroblasts, or by cells of the immune system present in, or circulating through, the 

ovary. Any of these factors could act in an autocrine manner, affecting the cell that 

produces them, or in a paracrine manner, acting on surrounding cells. There is a vast 

number of potential factors, with research in the area continually expanding the list, 

and including a range of growth factors and cytokines (Tsafriri and Adashi, 1994; 

Pate, 1996). Once again, the role of these factors in equine CL function has not been 

investigated. 

1.3.4. Luteolysis 

Control of the luteolytic process in the mare is not well documented, and in practice 

the commonest method of cycle control is by administration of prostaglandin Fla 

(PGF2a). This causes premature regression of the CL, allowing the mare to return to 

oestrus. 

1.3.4.1. Prostaglandin Fla (PGF2a) 

PGF2a produced by the endometrium and transported to the ovary by a counter- 

current mechanism of blood vessels is accepted to be the hormone responsible for 

initiation of luteolysis and regression of the CL in ruminants (Inskeep and Murdoch, 

1980; Niswender et al., 1985; Knickerbocker et al., 1988). The close apposition of 

ovarian and uterine blood vessels in ruminants allows transport of prostaglandin by 
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diffusion from the uterine vein to the ovarian artery, by- passing the systemic 

circulation. 

In the mare the situation with regard to the role of PGF2a in luteolysis is not nearly as 

clear -cut. A close anatomical arrangement between ovarian and uterine blood vessels 

does not occur in the mare, and any PG released by the uterus must enter the systemic 

circulation to reach the ovary. However in other species most (approximately 90 %) 

prostaglandin is cleared from the circulation in one passage through the lungs. One 

must assume therefore that lung clearance is less effective in the equine, or that only 

extremely small quantities of PGF2a are required at the level of the ovary. Another 

possibility is that one of the metabolites of PGF2a is biologically active in the mare. 

Mares are known to be many times more sensitive than ewes to the luteolytic effects 

of PGF2a when given by systemic routes. Using median body weights from two 

reports (Douglas and Ginther, 1972; Oxender et al., 1975) the minimal effective 

luteolytic dose of a single injection of PGF2a in ponies and horses was approximately 

8µg/kg. The minimal effective dose in sheep was 6mg or 14411g/kg (Douglas and 

Ginther, 1973). Thus mares are about 18 times more sensitive than sheep to the 

luteolytic effects of systemically administered PGF2a. 

It has been concluded that the affinity of luteal cell PGF2a receptors prepared from 

mare corpora lutea for PGF2a is about 10 times greater than that of receptors from 

cow CLs (Kimball and Wyngarden, 1977). Greater affinity for binding PGF2a may 

partly explain the high sensitivity of the mare to the luteolytic effects of PGFza, 

reducing the need for a local utero- ovarian PGF2a concentrating mechanism. 

The newly developed CL in mares is resistant to the luteolytic effects of PGF2a 

(Oxender et al., 1975; Douglas and Ginther, 1973; Douglas and Ginther, 1975b). In 

fact the mare is only responsive to PGF2a for one third of her cycle, which is just half 

the lifespan of the CL. However in one study, administration of PGFza to mares 

during mid -dioestrus resulted in a decrease in plasma progesterone levels in only 62% 

of these mares (Hellander et al., 1992). Earlier administration before day 6 (day of 

ovulation =day 0) merely causes a temporary drop in progesterone levels. PGF2a is 

therefore only useful in inducing luteal regression if given between days 7 and 13 of 

the cycle. Natural luteolysis occurs around days 13 -15 of the cycle. The reason for the 
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refractory period at the beginning of the oestrous cycle has not been determined. 

PGF2a receptor binding studies (Vernon et al., 1979; Kimball and Wyngarden, 1977) 

utilised luteal cells from day 4 onwards, therefore missing the earliest period. 

Nevertheless PGF2a binding increased from day 4 to day 12, which raises the question 

of whether the refractoriness of early CLs is due to lack of adequate receptors for 

PGF2a. 

1.3.4.2. Role of oxytocin in luteolysis 

Although PGF2a is the primary luteolytic agent in ruminants, exposure of cultured 

bovine luteal cells to PGF2a alone is not sufficient to completely abolish progesterone 

production (Pate and Condon, 1984). Therefore, although PGF2a has a central role in 

luteolysis there are clearly other mechanisms which are essential for complete luteal 

regression. In ruminants there is evidence of a co- operative role for oxytocin in 

luteolysis, and studies have identified oxytocin in ruminant CLs (Parkinson et al., 

1992). Studies suggest that luteal oxytocin stimulates the release of PGF2a from the 

endometrium, which in turn stimulates further pulses of oxytocin. This positive 

feedback loop reinforces the two secretions, and because PGF2a is luteolytic the loop 

self -destructs as the CL regresses. In addition, exogenous oxytocin has been found to 

cause early luteolysis in cattle through a local utero- ovarian pathway (Luck, 1989; 

Flint et al., 1986). 

Oxytocin has not been found to be present in the mare CL (Stevenson et al., 1991), 

and studies have found that administration of oxytocin to mares does not induce 

luteolysis (Ginther, 1971; Neely et al., 1979b). More recent studies have found 

however, that exogenous oxytocin did induce an increase in circulatory levels of 

PGF2a metabolite (PGFM) when given towards the end of the luteal phase (Betteridge 

et al., 1985). Subsequent experiments showed that PGF2a release in response to 

oxytocin was maximum at the time of luteolysis (Goff et al., 1987), and this increased 

response was absent in the pregnant mare. 

Other research results that are compatible with a role for oxytocin in luteolysis in 

mares include enhancement of PGF2a production by endometrial tissue by addition of 

oxytocin (King and Evans, 1987). Also, circulating oxytocin concentrations are 
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highest at the time of luteolysis, approximately day 15 (Tetzke et al., 1987), and 

oxytocin binding sites are greatest in the endometrium and myometrium on days 14- 

17 of the cycle. These findings are compatible with the hypothesis that an increase in 

circulating oxytocin and endometrial oxytocin receptors in the late luteal phase 

stimulates synthesis and secretion of PGF2a from the uterus. The increase in oxytocin 

is thought to be due to a stimulation by oestrogen and a loss of inhibition by 

progesterone at the time of luteolysis in the mare (Tetzke et al., 1987). 

1.3.4.3. A role for oestrogen ? 

Oestrogen is also thought to be a component of the PGF2a, triggering mechanism, 

perhaps by turning on the prostaglandin synthetase (PS) enzyme system (Vernon et 

al., 1981), which is responsible for PGF2a synthesis. The temporal relationship 

between oestradiol and PGF2a production is compatible with this role (King and 

Evans, 1988). Endometrial tissue from progesterone -primed mares produces 

increased PGF2a in vitro in the presence of oestradiol (Vernon et al., 1981). 

1.3.4.4. and progesterone ? 

Progesterone also has a role to play as long -term exposure (up to 14 days) of the 

endometrium to progesterone appears to be necessary to prime it for PGF2a release 

(Zavy et al., 1984), perhaps by production of a PS enzyme system or recruitment of 

precursors. 

Together these studies indicate that mares, like many non -equine species, utilise 

progesterone, oestrogen and oxytocin in triggering release of PGF2a. 

1.3.4.5. Mode of action of PGF2a 

The mechanisms by which prostaglandin might initiate luteolysis have been widely 

investigated in a number of species with a variety of results. Several different 

mechanisms have been proposed to explain the luteolytic effects of PGF2a 

(Knickerbocker et al., 1988). PGF2a has direct cytotoxic effects on luteal cells (Silvia 

et al., 1984; Silvia and Niswender, 1984; Braden et al., 1988), as well as causing 

changes in cell membrane structure which are related to loss in cellular function 
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(Carlson et al., 1982). Treatment of cattle and sheep luteal cells with PGF2a has been 

found to result in decreased utilisation of cholesterol for steroidogenesis by the 

treated cells (Pate and Condon, 1989; Wiltbank et al., 1990; Grusenmeyer and Pate, 

1992). PGF2a treatment of luteal cells has also been reported to result in reduced 

steroidogenic enzyme activity, and reduced numbers of LH receptors (Fletcher and 

Niswender, 1982). Other workers have also reported decreases in LH receptor 

number following PGF2a treatment (Behrman et aL, 1993). An uncoupling of the LH 

receptor from adenylate cyclase (Fletcher and Niswender, 1982) has also been 

suggested, resulting in disruption of LH- stimulation of progesterone production 

(Thomas et aL, 1978; Wakeling and Green, 1981). Activation of protein kinase C 

(Wiltbank et al., 1989b) or influx of high levels of calcium resulting in cell death 

(Wiltbank et al., 1989b; Hoyer and Marion, 1989; Afila et al., 1990b; Alila et aL, 

1990a; Wegner and Hoyer, 1991; Duncan and Davis, 1991) have also been reported 

as actions of PGF2a. A rapid and dramatic decrease in luteal blood flow (Nett et al., 

1976; Niswender et al., 1976) has been noted at the time of luteolysis, but it is not 

clear whether this is a cause or a consequence of the luteolytic process. However, the 

reduction in blood flow is unlikely to be significant enough to cause hypoxia of the 

luteal tissue. 

Although there is good evidence for all these actions, the effects of PGF2a appear to 

differ among species, and the actions demonstrable in vivo are often different from 

those observed in vitro. It is likely that normal luteolysis involves several or all of 

these actions. Additional information is needed to unravel the complex processes 

which control progesterone secretion and to elucidate how PGF2a influences them. 

1.3.4.6. Structural regression 

Once the CL ceases to produce progesterone, i.e. has undergone functional 

regression, the luteal tissue itself is also destroyed. The CL reduces in size 

considerably within a few days, though remnants, corpora albicans, are usually present 

in the ovarian tissue for longer, gradually disappearing over the course of the next few 

oestrous cycles. Relatively dramatic ultrastructural and morphological changes are 
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involved in the rapid regression of such a relatively large structure (Lobel and Levy, 

1968; Gemmell et al., 1976), which have been mentioned briefly in Section 1.3.2. 

In the ruminant CL one of the earliest ultrastructural changes to occur is alterations to 

cell membrane which lead to increased membrane permeability and loss of cellular 

function (Carlson et al., 1982). Superoxide radicals, which are by- products of 

metabolic activity, and have various roles in reproduction (Riley and Behrman, 1991; 

Kato et al., 1997), have been suggested to be involved with the membrane changes 

that occur at luteolysis. Changes in blood vessels are the first visible alteration seen at 

a structural level, with loss of endothelial cell wall structure and degenerating cellular 

fragments present in blood vessels (Lobel and Levy, 1968; O'Shea et al., 1977; 

Archbald et al., 1981). Changes in luteal cells then become apparent, with lipid 

accumulations present in the cytoplasm, and the cells becoming vacuolated and 

shrunken, and losing their characteristic appearance. Macrophages now become the 

predominant cell type, destroying and phagocytosing dead and dying luteal cells 

(Lobel and Levy, 1968; Gemmell et al., 1976). The increased numbers of lipid 

droplets observed in the cytoplasm of the macrophages are evidence of their 

phagocytic activity (Katabuchi et al., 1996). 

In the equine CL large cells decrease in diameter from approximately day 13 -14, with 

an associated decrease in circulating concentrations of progesterone. Signs of cellular 

degeneration become evident in smooth endoplasmic reticulum and mitochondria 

initially, and by day 15 nuclei also frequently display degenerative characteristics. By 

the time the next ovulation occurs most cells are in an advanced state of regression, 

with condensed or fragmented cytoplasm and shrunken, pyknotic nuclei (Van Niekerk 

et al., 1975). The presence or absence of different inflammatory cell populations in 

the equine CL at the time of luteolysis has, to date, not been described. 

1.3.4.7. Apoptosis in luteal regression 

Apoptosis is a form of physiological cell death, also known as "programmed cell 

death ", which appears to be genetically controlled, and occurs in many different body 
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techniques used in cell preparation, such as collagenase dissociation, can themselves 

induce apoptosis (Juengel et al., 1993). 

While apoptosis has been identified in equine follicles (Pederson et al., 1998), to date 

no studies have examined equine CL for signs of apoptosis, so that its role in equine 

CL function and demise remain unclear. 

1.4. The immune system in reproductive function 

The importance of an intact immune system in the development of normal 

reproductive function is well documented (Mori, 1990). However the idea that cells 

of the immune system, and their products, have a role in the regulation of ovarian 

function is relatively new. 

Similarities between inflammation and ovulation (Espey, 1980) first led workers to 

investigate the possibility that the immune system had a part to play in controlling 

ovarian function. The inflammatory response comprises three main events; 

vasodilation, increased capillary permeability and influx of inflammatory cells. 

Similarities with ovulation include vascular changes such as vasodilation, hyperaemia 

and oedema of the ovulatory follicle. Influx of various leucocytes including 

macrophages has also been observed in a variety of species at this stage, and 

chemotactic products of these cells are also thought to be involved in ovulation 

(Espey, 1980). 

Recently research has focused on the local interactions occurring between immune 

and reproductive cells, and it has become obvious that leucocytes and their products 

play a key role in ovarian physiology alongside gonadotrophins and traditional growth 

factors (Adashi, 1990; Pate, 1995). For example, depletion of immune cell 

populations using specific antisera in cattle results in luteal dysfunction (Alila and 

Hansel, 1984), while treatment of rats with antithymocyte serum also results in a 

disruption of normal cyclic ovarian function, with inhibition of ovulation and 

development of constant dioestrus (Bukovsky et al., 1977). 
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A brief overview of immune cells and their different functions will be given initially for 

background information for the ensuing discussions on immune cells in the ovary. 

1.4.1. Cells of the immune system 

Immune cells, also known as white blood cells or leucocytes, are present in all body 

tissues (except the eye and the testis) and in the circulation. They play a vital role in 

recognition and destruction of potentially harmful antigens, through two different 

mechanisms, the inflammatory response and humoral or cell -mediated immunity. 

These will be discussed briefly once the cells of the immune system have been 

described. 

1.4.1.1. Lymphocytes 

Lymphocytes play a central role in both cell- mediated and humoral immune responses. 

They comprise 20-40% of white blood cells, with horses possessing greater numbers 

than other domestic species. They are essential for successful immune defence 

mechanisms due to their powers of specificity, memory and recognition of self and 

non -self While all immune cells are vital to proper functioning of the immune system, 

all other cells play somewhat secondary roles relative to lymphocytes. Three types of 

lymphocytes are described: B- lymphocytes are the antibody producers of the immune 

system, and are therefore involved in humoral responses, with individual antibodies 

recognising specific antigens. T- lymphocytes are involved in cell- mediated responses 

to antigens, and can themselves be divided into several sub -groups. Null cells do not 

express the distinguishing membrane molecules of either T- or B -cells, and include a 

population of cells known as natural killer cells, which are thought to be involved in 

host defences against tumour cells. 

Due to their importance in the immune system in general, and, more specifically their 

marked capacity for cytokine production, T- lymphocytes are the most likely 

contenders as participants in ovarian function. Two sub -populations of T- lymphocytes 

are described; T- helper (TH) and T- cytotoxic (Te) lymphocytes, which are 

distinguishable by surface membrane glycoproteins, although the distinction is not 
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absolute. There is, in addition, functional diversity of TH cells, based on cytokine 

production. The TH1 subset secretes IL -2 and IFN -y, and the TH2 subset produces IL- 

4, IL -5, IL -6 and IL -10. TH1 cells mediate several functions associated with 

cytotoxicity and local inflammatory reactions, and consequently are important for 

combating intracellular pathogens including viruses, bacteria and parasites. TH2 cells 

are more effective at stimulating B -cells to proliferate and produce antibodies, and 

therefore function primarily to protect against free -living microorganisms (Roitt et al., 

1998). The different roles of TH and Tc cells in cell -mediated immunity will be 

discussed later in this section. 

1.4.1.2. Mononuclear phagocytes - monocytes and macrophages 

Monocytes are produced in the bone marrow, and released into the circulation, where 

they remain until they migrate into any of the body tissues. Once there, they 

differentiate into macrophages, and have a phagocytic role in whichever tissue they 

have become resident. Some macrophages remain fixed in tissues, while 'wandering' 

macrophages move around the body. Macrophages play a role in phagocytosis of 

foreign antigens, and they work together with other leucocytes, especially T- 

lymphocytes. Stimulation by cytokines, particularly T- helper lymphocyte derived 

interferon -y (IFN -y), enhances their phagocytic abilities. In addition, macrophages are 

themselves a potent source of cytokines, notably the pro -inflammatory cytokines 

tumour necrosis factor -a (TNF -a) and interleukin -1 ß (IL-1[3). 

1.4.1.3. Neutrophils 

Also known as polymorphonuclear cells, neutrophils comprise 50 -70% of circulating 

leucocytes, and are one member of the granulocyte family of leucocytes, so called 

because of the granules evident in their cytoplasm. They are involved in inflammatory 

processes, being attracted to sites of tissue damage or infection by a range of 

chemotactic products, some of which are cytokine products of activated T- 

lymphocytes. Neutrophils are phagocytic cells, and their cytoplasmic granules contain 

lytic enzymes and bactericidal products. They are produced in the bone marrow, and 

in the face of infection increased numbers are released into the circulation. 
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1.4.1.4. Eosinophils and basophils 

These cells are the other members of the granulocyte family, and are present in the 

circulation in much lower numbers than neutrophils. Eosinophils are phagocytic, and 

play a role in the body's defences against parasites. They also have a role in allergic 

responses, degranulating in response to histamine. Basophils are also involved in 

development of allergic responses, in conjunction with mast cells within body tissues. 

They are non -phagocytic, and their intracytoplasmic granules contain vasoactive 

substances such as histamine, which are released during allergic reactions. 

1.4.1.5. Nomenclature 

As monoclonal antibodies were developed to recognise different sub -groups of 

immune cells, particularly T- lymphocytes, by their different membrane molecules, they 

were initially named by researchers or research groups. However, as this resulted in 

multiple monoclonals for the same membrane molecules having widely differing 

names, an official naming system was instituted. Antibodies which recognise a 

particular membrane molecule are now grouped together as a `cluster of 

differentiation' (CD). In this way, for example, an antibody that recognises the helper - 

T -cell membrane molecule is termed a CD4 antibody, and helper -T -cells are CD4 

positive (CD4 +). In the same way cytotoxic T -cells are CD8 +, while other CD 

numbers describe other lymphocyte and macrophage subpopulations. 

1.4.1.6. Recognition of self and non -self 

The Major Histocompatability Complex is a chromosomal region that encodes for 

several genes that play major roles in determining the immune response. The Class I 

and Class II molecules control the expression of polymorphic cell surface antigens 

that are responsible for presenting peptide fragments to antigen -specific receptors of 

T- lymphocytes. Class I molecules are found on the surface of all the nucleated cells of 

the body, and play a major role in recognition of 'self. Class II molecules are more 

limited in their distribution, and are classically expressed only by lymphocytes and 

antigen -presenting cells such as macrophages and B- lymphocytes. In immune 
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responses helper T -cells recognise antigen presented in association with MHC class II 

molecules, i.e. by antigen -presenting cells, and respond by releasing cytokines. 

Cytotoxic T -cells respond only to recognised antigens presented in combination with 

MHC class I molecules, becoming activated, and exhibiting their cytotoxic activities. 

Although class II molecules are classically only expressed by some of the immune 

cells, it has recently been realised that non - immune cells may also express MHC class 

II (Wiman et al., 1978). This aberrant expression usually indicates that the tissue is 

involved in an inflammatory or immune response (Ohmann et al., 1988), and may be 

an underlying cause in certain autoimmune endocrine disorders (Bottazzo et al., 1983; 

Kuby, 1994). It has also been suggested that it allows such cells to present antigen to 

TH cells and initiate or enhance the immune response (Bottazzo et al., 1986). 

However, it is not clear whether Class II molecule expression is sufficient to initiate 

an immune response (Sarvetnick et al., 1988) or whether it simply amplifies the 

response (Khoury, 1987). The expression of MHC class II by non - immune cells in the 

CL could be significant in luteolysis (Fairchild Benyo et al., 1991). 

1.4.2. Immune responses 

1.4.2.1. The inflammatory response 

This response is non -specific, and comprises three main events: vasodilation, 

increased capillary permeability and influx of phagocytic cells. It is known that these 

events can be initiated by tissue injury or infection, but the cellular level of the process 

has not been fully elucidated. Complex interactions which occur between chemical 

mediators released from damaged cells, invading organisms, various enzyme systems 

and leucocytes are involved. Released chemical mediators ultimately cause fluid and 

cells to be discharged into the tissue, while phagocytic cells migrate to the site of 

inflammation by a process of chemotaxis. These cells are then responsible for 

phagocytosing bacteria and damaged cells. A number of chemicals are known to be 

important mediators in initiation of an inflammatory reaction. Histamine, released by 

mast cells and basophils in response to cell injury, is one such compound, and causes 
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increased vascular permeability. Activated macrophages and lymphocytes produce a 

range of cytokines which are also involved in inflammatory processes. These include 

TNF -a, IL -1 and IL -6, all of which have a range of effects, e.g. increasing adhesion 

molecules on vascular endothelial cells which is required for movement of immune 

cells from capillaries to damaged tissue, and increasing vascular permeability. These 

will be discussed in greater detail in Section 1.4.5. 

1.4.2.2. Cell- mediated / humoral immunity 

Immune cells act more specifically through the processes of cell -mediated or humoral 

(antibody -based) immunity, whereby the immune system recognises and eliminates 

foreign molecules. These processes are specific, and have a memory and the ability to 

differentiate self from non -self. Humoral immunity is mainly involved in elimination of 

bacteria and viruses, and only rarely plays a secondary role in cell -mediated immunity. 

As B -cells, which are its effectors, do not appear to be significant in the ovary 

(discussed later), only cell- mediated immunity will be briefly reviewed. 

Cell -mediated responses are dependent on recognition of antigens by T- lymphocytes, 

initiating a chain of events which involve various immune cells. T- helper (TH) cells can 

only recognise antigen in combination with MHC class II molecules present on 

specific antigen presenting cells such as macrophages. Upon recognition of antigen TH 

cells become activated, and secrete cytokines, particularly interleukin -2 (IL -2), 

indicating that the TH1 subset are involved. The released cytokines in turn stimulate 

TH proliferation, and cytotoxic T -cell (Tc) activation. These Tc cells can then become 

involved in the cytotoxic response, causing membrane damage and lysis of cells 

presented in combination with MHC class I molecules. The cytokines released by TH 

cells also activate non -specific cytotoxic cells, enhancing the phagocytic activity of 

macrophages and natural killer cells. Activated Tc cells also liberate cytokines which 

may further perpetuate cell activation, though they are not as important in this role as 

TH cells. 
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1.4.3. Immune cells in follicles 

As mentioned a specific role for the immune system within the follicle has been 

implied for some time, with cellular events at ovulation resembling those seen in an 

inflammatory response. Therefore ovulation in the rat has been suggested to be a form 

of inflammatory reaction (Parr, 1974; Espey, 1980; Espey, 1994). Studies in the sheep 

have also identified inflammatory-type reactions, vasodilation, increased vascular 

permeability, tissue oedema, and accumulation of neutrophiLs and eosinophils, at the 

time of ovulation (Cavender and Murdoch, 1988). 

Indirect evidence of a role for immune cells in the follicle, and particularly around the 

time of ovulation, include the suppression of ovulation in rats treated with high doses 

of anti -inflammatory drugs such as aspirin (Parr, 1974). Suppression of maturation of 

T- lymphocytes in mature rats with anti -thymocyte serum also delays ovulation 

(Bukovsky et al., 1977), while leucocyte supplementation of perfused rat ovaries in 

vitro resulted in an increased ovulation rate ( Hellberg et al., 1991). However, severe 

depletion of leucocyte populations in rats failed to have any effect on ovulation in a 

later study (Chun et al., 1993). In sheep, ovulation has also been delayed with an anti - 

inflammatory drug, indomethacin (Murdoch and McCormick, 1991a). The authors felt 

that this was not caused by inhibition of prostaglandin synthesis in the follicle, but was 

related to suppression of a specific leucocyte chemoattractant agent involved in 

attraction of various populations of immune cells to the periovulatory follicle 

(Murdoch and McCormick, 1991a; Murdoch and McCormick, 1993). In the mare 

also, intrafollicular injection of the preovulatory follicle with the anti -inflammatory 

drug indomethacin has been found to delay ovulation (Watson and Sertich, 1991). 

In vitro studies have also shown direct effects of immune cells on granulosa and theca 

cells. Progesterone secretion by mice granulosa cells in vitro is increased by addition 

of peritoneal macrophages (Kirsch et al., 1981), whereas in another study 

gonadotrophin -induced progesterone secretion of rat granulosa cells was markedly 

inhibited by macrophages, and particularly by activated macrophages (Shakil and 

Whitehead, 1994). In the same study addition of macrophages appeared to increase 

the number of viable granulosa cells in culture. Progesterone production by rat 

(Hughes et al., 1991) and human (Emi et al., 1991) granulosa cells is stimulated by T- 
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and B- lymphocytes, while pig granulosa cells are only stimulated by lymphocytes in 

the presence of monocytes (Maier and Chew, 1990). 

A variety of types of immune cells have been recorded in follicles from a number of 

species. Macrophages in particular have been mentioned, and have been identified in 

perifollicular capillaries in the human ovary, increasing in number in the follicle after 

ovulation (Katabuchi et al., 1996), and associated with the transformation of preantral 

to antral follicles (Bukovsky et al., 1995). Macrophages rapidly enter into the mouse 

follicle at ovulation (Simon et al., 1994), and increase almost four -fold in number in 

the pig follicle after ovulation (Standaert et al., 1991). 

Lymphocytes have also been identified in the periovulatory ovary, and are present in 

significant numbers in the pig follicle, with a dramatic increase in numbers after 

ovulation (Standaert et al., 1991). In contrast, lymphocyte numbers were found to be 

insignificant in human and mouse follicles, with studies showing that neutrophils, as 

well as macrophages, were the most significant cell types present around the 

preovulatory follicle in both these species (Brannstrom et al., 1993; Brannstrom et al., 

1994c), both increasing in number at ovulation. Increases in numbers of neutrophils 

after ovulation may be hormonally affected, as induction of ovulation in the rat using 

hCG results in increased neutrophil numbers in the ovary (Chun et al., 1993). In the 

pig follicle populations of neutrophils have been reported to be present in constant, 

moderate numbers (Standaert et al., 1991). 

Although eosinophils have been identified in the ovine periovulatory ovary (Cavender 

and Murdoch, 1988), they appear to be of limited importance, as induction of 

eosinopaenia using prednisolone did not affect ovulation (Murdoch and Steadman, 

1991). Eosinophils have also been identified in the pig preovulatory follicles, as the 

most prominent cell type present (Standaert et al., 1991). Increased numbers of mast 

cells have been detected in bovine dominant follicles from day 19 onwards (Nakamura 

et al., 1987), and in the ovarian bursa of the rat at pro -oestrus (Gaytan et al., 1991). 

Whether these cells are of physiological significance in ovulation is not clear. 

However mast cell products include histamine and heparin, which are associated with 

inflammation, and so may be involved in events around ovulation (Krishna et al., 

30 



1989). In the hamster, degranulation of mast cells present in the ovary is associated 

with the preovulatory LH surge (Krishna and Terranova, 1985). 

1.4.4. Immune cells in corpora lutea 

The functional CL is a very vascular structure which means that there are white blood 

cell populations circulating through the luteal tissue throughout the lifespan of the CL. 

As mentioned earlier, there also exists a resident leucocyte population within the 

ovarian interstitial tissue itself In a number of species different inflammatory cell 

populations such as mast cells (Jones and Hsueh, 1981; Mori, 1990), macrophages 

(Brannstrom and Norman, 1993; Paavola, 1979), lymphocytes ( Braunstrom and 

Norman, 1993), and granulocytes (Paavola, 1979; Brannstrom et al., 1993; Pepperell 

et al., 1992) have been observed in the ovary throughout the cycle (Jones and Hsueh, 

1981; Paavola, 1979; Abisogun et al., 1987; Bagavandoss et al., 1990; Brannstrom et 

al., 1994c; Brannstrom et al., 1994a; Standaert et al., 1991; Brannstrom et al., 1993; 

Brannstrom and Norman, 1993). The primary function of macrophages observed 

within the CL was presumed to removal of debris by phagocytosis during regression 

of the CL (Paavola, 1979). Similarly the other white blood cell populations were 

initially thought to be involved simply in clearing up cells of the CL during structural 

regression. However, more recent research has focused on the possibilities that these 

white blood cells play a more active role in CL function (Bukovsky and Presl, 1979; 

Murdoch et al., 1988; Bagavandoss et al., 1988; Fairchild and Pate, 1989; Petrovska 

et al., 1992). Treatment of rabbits with high doses of prednisolone during the luteal 

phase to suppress both macrophages and T- lymphocytes, had no effect on 

progesterone profiles, and luteolysis also proceeded as normal (Seiner et al., 1992). 

Although this suggests that immune cells are not important in CL function, there may 

be variation between species. Progesterone secretion by mice luteal cells in vitro is 

increased by addition of macrophages (Kirsch et al., 1981), while activated 

neutrophils inhibit LH- stimulated production of progesterone in cultured rat luteal 

cells (Pepperell et al., 1992). This would seem to indicate a possible non -phagocytic 

role for immune cells in CL function. 
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Both macrophages and lymphocytes have been identified in corpora lutea of a number 

of different species throughout the luteal phase (Lobel and Levy, 1968; Kirsch et al., 

1981; Bagavandoss et al., 1988; Standaert et al., 1991; Petrovska et al., 1992). 

Macrophages have been recognised for some time as they are relatively easy to 

identify in tissue purely on the basis of cell morphology, before the advent of 

monoclonal antibodies for use in immunohistochemistry. The presence of large 

numbers of macrophages in the regressing guinea pig CL suggested that they might be 

involved in luteal destruction (Paavola, 1979). An earlier study in cows also identified 

large numbers of macrophages in regressing luteal tissue (Lobel and Levy, 1968). 

Similar findings have been reported in rabbits, with regressing CL containing far 

greater numbers of macrophages than young CL (Bagavandoss et al., 1988; 

Bagavandoss et al., 1990). Later immunohistochemical studies have detected 

macrophages in both bovine and rat CL (Roby and Terranova, 1989), and in the pig 

macrophages were found to be the principal leucocyte present in the CL, with highest 

numbers in the early developing CL and during luteal regression (Standaert et al., 

1991, Hehnke -Vagnoni et al., 1996). In addition, implantation of pig CLs with 

PGF2 impregnated implants results in macrophage infiltration into the luteal tissue 

(Hehnke et al., 1994), while an early study in cows showed that the number of 

immune cells that infiltrate the CL is much lower in early pregnancy than in the 

nonfertile cycle (Lobel and Levy, 1968). Together these results would seem to 

indicate that macrophages do have a role to play in luteal regression, which would be 

in accord with their known phagocytic abilities. More recently however, numbers of 

macrophages have been reported to increase prior to the onset of luteolysis in some 

species (Bagavandoss et al., 1988; Lei et al., 1991; Anderson, 1997), which may 

suggest that macrophages have an additional role in functional luteal regression. 

As mentioned in Section 1.3.5.3., macrophages are also present in the newly formed 

CL after ovulation. Along with their known in vitro effects on follicular cells, their 

presence in the early CL has suggested a role for them in proliferation of granulosa 

cells prior to ovulation, luteinisation of these cells after ovulation, and on 

progesterone production (Katabuchi et al., 1996). 
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The other immune cells present in the CL have also been studied, as they too may be 

involved in the luteolytic process, including attraction and activation of macrophages. 

Lymphocytes were first described in the bovine CL from day 14 of the oestrous cycle 

(Lobel and Levy, 1968). A study in rabbits found T- lymphocytes in similar numbers at 

different stages of pseudopregnancy and pregnancy, and after luteal regression 

(Brannstrom et al., 1994a). Similarly in the rat, T -cells are described as being present 

in consistently low numbers throughout pregnancy and pseudopregnancy ( Brannstrom 

et al., 1994a). In the pig highest numbers of T- lymphocytes were found immediately 

after ovulation, in the newly formed corpus haemorrhagicum (Standaert et al., 1991). 

Studies in humans have yielded conflicting results. Using an image analysis system one 

study reported few T- lymphocytes at any stage of CL lifespan (Petrovska et al., 

1992), while another study described two different populations of T- lymphocytes, 

CD4+ and CD8 +, in the human CL close to blood vessels (Wang et al., 1992). One 

group initially failed to identify any T -cells in developing and mature human CL 

(Bukovsky et al., 1992), but later reported the presence of CD3 +, CD4+ and CD8+ 

T- lymphocytes in regressing CL, between the degenerating luteal cells (Bukovsky et 

al., 1995). Evidence of invasion of CD4+ cells into older CL once degenerative signs 

were already present was also reported in the same study. Another study found no 

variations in populations of CD8+ or CD3+ T -cells in the human CL at different 

stages of the menstrual cycle (Brannstrom et al., 1994c), although the ratio of CD8+ : 

CD4+ T- lymphocytes was higher than that seen in peripheral blood, which may 

suggest a preferential attraction and / or infiltration of CD8+ cells into the CL. In the 

cow there is evidence to suggest that CD8+ cells are involved in functional luteolysis 

(Ndikum -Moffor et al., 1994). 

B- lymphocytes are involved in antibody production in immune responses, which is 

unlikely to be involved in luteal cell function. This may explain why they have 

received so little attention in studies of immune cells in the CL, generally not even 

being looked for (Standaert et al., 1991; Petrovska et al., 1992; Brannstrom et al., 

1994a). However, in those studies where they have been identified, they do not 

appear to be an important component of the CL leucocyte populations. Studies in 
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If immune cells do have a role to play in luteolysis it would be expected that pregnant 

CL of a similar age would not exhibit the changes in immune cell populations reported 

in cyclic CL. Although there is limited information available, an early study in cows 

showed that the number of immune cells that infiltrate the corpus luteum is much 

lower in early pregnancy than in the nonfertile cycle (Lobel and Levy, 1968). In 

rabbits also a decreased infiltration of lymphocytes and macrophages into the CL of 

pregnancy has been observed (Bagavandoss et al., 1990). 

As can be seen from all these studies, immune cell populations in CL differ 

considerably between species. There are also some marked variations between studies 

within species, which most likely reflect differences in techniques, in tissue collection, 

preservation and processing, as well as cell identification and counting methods. More 

recent studies, utilising specific monoclonal antibodies and modern image analysis 

systems are probably most representative of the in vivo situation, but there are still 

substantial gaps in our knowledge of the precise role of immune cells in the demise of 

the CL. To date, there have been no studies on immune cells in the equine CL at any 

stage of the oestrous cycle, or pregnancy. 

1.4.5. Immune cell products 

A major reason for the increased interest in immune cells within the CL is the ever 

increasing volume of information which is becoming available about the cytokine 

products of these cells, particularly of lymphocytes and monocytes / macrophages. 

These products were originally associated with regulation of both the duration and 

amplitude of immune and inflammatory responses, and were named according to their 

presumed cellular origins, e.g. lymphokines from lymphocytes, and monokines from 

monocytes (Roitt et al., 1996). However, as it has recently become apparent that 

many other cell types, including epithelial cells, endothelial cells, and cells of the 

reproductive system, have the capacity to produce cytokines, and that many cell types 

can generate the same products, the term now encompasses an array of cell products 

far greater than that originally described (Blackwill and Burke, 1989). The exact 
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definition of a cytokine is somewhat difficult, as they have such a wide range of 

effects, with considerable overlap between some functions and the role of hormones 

(Rothwell, 1991). In general however, cytokines are low molecular weight proteins, 

which act as intercellular messengers between cells of the same or different cell 

systems. They tend to act locally in an autocrine or paracrine fashion, although a few 

may have more widespread effects within the body. They exert their effects by 

combining with small numbers of high affinity cell surface receptors, producing 

changes in patterns of RNA and protein synthesis. Cytokines are highly potent, can 

act at very low concentrations, and are generally only released from cells for very 

short periods of time after activation, and are therefore often difficult to detect. In 

general they are pleiotropic, having multiple effects on growth and differentiation of a 

variety of cell types, with considerable overlapping between them. Complex and 

integrated relationships exist between the different cytokines, and may involve 

cascade systems (Roitt, 1991). The transient nature of their release, the vast network 

of them that exists, and the immense number of potential interactions possible 

between them, makes it exceedingly difficult to define specific roles for specific 

cytokines. It would appear unlikely that individual cytokine actions are really relevant 

in in vivo situations, and any responses seen will result from a combination of 

cytokines acting together (Tabibzadeh, 1994). Nevertheless to try to establish some 

basic principles and effects, most investigations have examined individual cytokines, 

or two or three in combination. 

As mentioned, the number of products included under the definition cytokine is vast, 

and ever increasing. It includes the interleukins, tumour necrosis factors, colony - 

stimulating factors, interferons, growth factors and chemotactic factors. This wide 

range of factors has a potential range of effects well outwith the scope of this review, 

but in general these cell products act as the intercellular communication system within 

a cell system, to connect and influence different body systems, including reproduction. 

The effects of cytokines at all levels of the female reproductive tract, from the 

hypothalamus and pituitary (Tabibzadeh, 1994; Spangelo and Gorospe, 1995), to the 

uterus (Tabibzadeh and Sun, 1992; Philippeaux and Piguet, 1993) and ovary (Vinatier 

et al., 1995) has been described in a large amount of literature. However for the 
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purpose of this review the potential role of the major cytokines likely to be involved in 

ovarian function will briefly be reviewed. 

1.4.6. Cytokines and ovarian function 

A considerable amount of information has been collected recently regarding the 

effects of cytokines on ovarian cell functions. To assess direct effects most of these 

studies have used cultured granulosa or luteal cells as a model. However, the growing 

awareness of the pleiotropic and network effects of cytokines means that caution must 

be exercised in extrapolating effects observed in vitro to the behaviour of a cytokine 

in vivo. It is now recognised that some of the cytokines are also produced by, and can 

act on, non - immune cells. 

The effects of cytokines on ovarian cells are many and varied, and were reviewed 

recently by Adashi (1990 & 1989), and Pate and Townson (1994). The cytokines that 

have been implicated as being involved in ovarian function include interleukin 1 and 2 

(IL -1 and IL -2), tumour necrosis factor -a (TNF -a), interferon -y and a (IFN -y and a), 

and granulocyte- macrophage colony stimulating factor (GM -CSF). In addition to 

being produced by immune cells, some cytokines, such as IL -1 and TNF -a are also 

synthesised in non - immune cells. Ovarian surface epithelium can secrete IL -1 and IL -6 

(Ziltener et al., 1993), and TNF -a is secreted by granulosa cells (Roby and 

Terranova, 1989; Zolti et al., 1990). Thus some cytokines may serve as paracrine 

regulators, similar to growth factors rather than as mediators of an immune response. 

1.4.6.1. Cytokine effects on follicles 

Before purified or recombinant cytokines were available it was recognised that 

progesterone production by granulosa cells could be altered by leucocyte secretions. 

Lymphocyte- conditioned medium stimulates progesterone production by cultured rat 

and human granulosa cells (Hughes et al., 1991; Emi et al., 1991). Similar studies 

were performed using pig granulosa cells (Standaert, 1990). From these studies, 

however, it is not possible to determine whether the effects are due to the action of 
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cytokines or other secreted products such as prostaglandins, growth factors, or 

gonadotrophin -like substances. 

The effects of purified preparations of specific cytokines on follicular cells tends to be 

inhibitory, although this may depend on the state of differentiation of the granulosa 

cells. Cytokines also appear to be able to effect proliferation and differentiation of 

granulosa cells, with less differentiated cells more sensitive to the effects of cytokines 

than more differentiated cells (Roby et al., 1990; Gorospe et al., 1992; Gottschall et 

al., 1988; Spicer and Alpizar, 1994). There is also some evidence that cytokines may 

be involved in the ovulatory process and their potential role in ovulation has recently 

been reviewed by Brannstrom and Norman (1993). 

It is difficult to generalise about cytokine effects due to differences between studies 

resulting from varying techniques and cell culture conditions, as well as inter- species 

variation. However, it appears that the main role of cytokines during the follicular 

phase may be in inhibiting the differentiation of theca and granulosa cells in vivo, 

permitting follicular growth to occur (Fukumatsu et al., 1992). 

1.4.6.2. Cytokine effects on the CL 

Very little is known about the role of cytokines in luteinisation and early luteal 

function, although leucocytes are often involved in tissue remodelling events, which 

occur at this time (Smith et al., 1994). Progesterone synthesis is enhanced by TNF -a 

in rat thecal cells (Roby et al., 1990; Brannstrom et al., 1993) and human luteinised 

granulosa cells (Yan et al., 1993), and by IL -1ß in hamster thecal cells (Nakamura et 

al., 1990). It has been proposed that TNF -a promotes formation of the CL by 

increasing proliferation and steroidogenesis of luteinising granulosa cells (Yan et al., 

1993). Again the effects may depend on stage of differentiation of the target cells as 

well as the presence or absence of other growth factors and regulators of the 

differentiative process . 

Much of the work on immune cells and cytokine effects on the ovary has concerned 

their potential role in luteal regression. As mentioned, leucocytes are present in the 

CL or infiltrate the tissue at about the time of luteolysis. Clearly these cells are 

actively involved in the destruction of luteal cells after they are no longer functional. 
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Recently, however, it has been suggested that immune cells or cytokines may be 

involved in functional changes that are associated with luteal regression. Various 

cytokines, alone or in combination, have been shown to have a range of effects on 

luteal cells in culture. The variation seen in results, even within species, may include 

differences due to the disparate techniques used in the studies. 

An initial study using primary cultures of bovine luteal cells reported that IL -10 did 

not significantly affect basal progesterone production (Nothnick and Pate, 1990). 

However subsequent experiments found that IL -10 did inhibit LH- stimulated 

steroidogenesis (Pate, 1995). In pig luteal cells both basal and LH stimulated 

progesterone production were decreased by IL -1 (Pitzel et al., 1993). Differences in 

these studies could be due to differences in culture media used. The presence of serum 

in the porcine cell cultures may have provided additional growth factors or hormones. 

The most profound effect of IL -10 that was observed in bovine luteal cell cultures 

was the stimulation of prostaglandin synthesis. IL -10 treatment resulted in large dose - 

dependent increases in PGF2a, PGE2 and prostacyclin metabolite 6- keto- PGFIa, and 

this stimulatory effect was completely blocked with indomethacin ( Nothnick and Pate, 

1990), cyclohexamide or actinomycin D (Townson and Pate, 1994). The primary 

action of IL -10 appears to be to increase availability of arachidonic acid for 

conversion to prostaglandins, and the more chronic effect ( >72 hours culture) 

suggests upregulation of prostaglandin synthase (PGS) (Townson and Pate, 1994). 

The action of TNF -a on bovine luteal cells are very similar to those of IL -10. 

Gonadotrophin stimulated steroidogenesis is suppressed and prostaglandin synthesis is 

stimulated (Benyo and Pate, 1992). TNF -a also appears to use similar pathways of 

activation to IL -1ß (Pate, 1995), and when combined, TNF -a and IL -10 exert 

synergistic effects on luteal PG production (Benyo and Pate, 1992). In pig luteal cells 

TNF -a inhibits basal and gonadotrophin stimulated progesterone secretion, and 

enhances the inhibitory effects of PGF2a and oxytocin (Pitzel et al., 1993). Therefore 

all of the known effects of TNF -a on fully differentiated luteal cells are consistent 

with a role for this cytokine in luteal regression. 
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IFN -y is another cytokine thought to be involved in luteolysis. Cultured bovine luteal 

cells exhibit a two phase response on addition of IFN -y. Initially prostaglandin 

production is inhibited and there are no effects on progesterone synthesis. At 72 hours 

there is no observable difference in either PG or progesterone secretion when 

compared with control cells. After this time however, IFN -y completely inhibits LH- 

stimulated progesterone and markedly stimulates PG synthesis by these cells (Fairchild 

and Pate, 1991). However the ability of IFN -y to inhibit gonadotrophin -stimulated 

steroidogenesis does not appear to depend on the increase in endogenous PGs 

(Fairchild and Pate, 1991). 

Recently interest has been expressed in a role for monocyte -chemoattractant protein -1 

(MCP -1) in the CL. It is a member of the intercrine -ß family of cytokines which are 

involved in inflammation and tissue repair (Leonard and Yoshimura, 1990; 

Oppenheim et al., 1991). As its name suggests it acts as a specific chemoattractant for 

monocytes both in in vivo (Zachariae et al., 1990) and in vitro ( Yoshimura et al., 

1991) tests. It has been identified in pig luteal cells (Hosang et al., 1994), and 

increased MCP -1 expression has been detected in late stage rat CL (Townson et al., 

1996). Induction of luteolysis in rat CL using prolactin has also been found to result in 

increased MCP -1 levels (Bowen et al., 1996). Enhanced expression of MCP -1 has 

also been observed in bovine CL after functional luteolysis (Anderson, 1997). 

Together these findings suggest a role for this cytokine in attracting monocytes / 

macrophages into the CL at the time of structural regression. 

Certain cytokines also have direct cytotoxic effects on cells. Tumour necrosis factor 

was named for its ability to induce haemorrhagic necrosis of tumours, though it does 

not generally cause cytolysis of normal cells. Although IL -1 is not usually a cytotoxic 

agent, it can be cytotoxic to ovarian cells in culture (Ellman et al., 1993). In bovine 

luteal cells, neither IL-1P nor TNF -a affect cell viability when used alone (Nothnick 

and Pate, 1990; Benyo and Pate, 1992). Cells treated with IFN -y undergo some loss 

of cell viability (Fairchild and Pate, 1991; Benyo and Pate, 1992). Marked cytotoxic 
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effects are observed when TNF -a and IFN -y are used together in luteal cell cultures 

(Benyo and Pate, 1992). The same combination of cytokines is also cytotoxic to 

pancreatic B -cells and to thyroid cells (Campbell et al., 1988; Weetman and Rees, 

1994), while in non -endocrine cells the cytotoxic effects of TNF -a can be enhanced 

by IFN -y (Dealtry et al., 1987). The necessity for both cytokines to be present to 

achieve a substantial cytoxic effect in many types of cells may be due to the fact that 

both of these cytokines enhance expression of receptors for each other. The 

mechanisms by which TNF -a and IFN -y exert their cytotoxic effects on luteal cells 

are not known. A number of theories have been put forward which include, nitric 

oxide production (Ellman et al., 1993), increased levels of arachidonic acid 

metabolites, generation of free oxygen radicals or enhanced luteal cell sensitivity to 

oxygen toxicity (Marcho et al., 1991). 

1.4.6.3. Cytokine detection 

If cytokines play a role in follicular or luteal function it is a prerequisite that they be 

present in the tissue. TNF -a has been detected by immunohistochemistry in rat luteal 

tissue from ovaries collected at pro -oestrus. It was localised to the central area of the 

CL, and was associated with cells that also stained positively as macrophages (Roby 

and Terranova, 1989). Immunohistochemistry has also identified TNF -a in unstaged 

human CL, in large granulosa- lutein cells and small paraluteal cells (Roby et al., 

1990). Immunoreactive TNF -a has been identified in the follicular and luteal 

compartments of the bovine ovary and is secreted by granulosa cells (Roby and 

Terranova, 1989). The luteal tissue was not staged, and different ages of CL were not 

compared in the study. However staining was most obvious in the thecal cords 

extending from the capsule into the CL, with smaller numbers of positive cells present 

between the luteal cells. As seen in the rat and rabbit, these positively stained cells had 

the morphological appearance of macrophages (Roby and Terranova, 1989). TNF -a 

bioactivity has been detected in ovine corpora lutea following induction of luteolysis 

with PGF2a, (Ji et al., 1991). TNF -a was identified only after the initial fall in 

progesterone was observed, but before there was evidence of luteal destruction. 

Northern blots and in situ hybridisation were also used to look for changes in TNF -a 
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mRNA in the same luteal tissue. None were seen during induced luteolysis, and the 

authors concluded that the TNF -a had come from an extra -ovarian source, such as 

leucocytes (Ji et al., 1991). However, limited conclusions can be drawn from this 

study as events in artificially induced luteolysis may not necessarily mimic those in 

natural luteolysis. 

A microdialysis system placed within the ovary has been used to collect samples 

during both natural and artificially induced luteolysis in the cow (Shaw and Britt, 

1995). They found no detectable increase in TNF -a until after progesterone had 

declined in the animals undergoing luteolysis. No changes in TNF -a were detected in 

animals that did not undergo luteolysis. However, as cytokines can exert their 

dramatic effects even at minute concentrations, it could be that the radioimmunoassay 

utilised in this study was not sensitive enough to detect changes in TNF -a 

concentrations that could be sufficient to significantly effect CL function. More 

recently, mRNA encoding TNF -a has been identified in the bovine CL before 

luteolysis (Pate, 1995). In the pig TNF -a protein has been identified by Western blot 

in CL collected during the oestrous cycle and in pregnancy, with no obvious variation 

between groups (Hehnke -Vagnoni et al., 1996). In the same study 

immunohistochemistry identified TNF -a associated with endothelial cells in blood 

vessels, connective tissue, and the luteal capsule (Richards and Almond, 1994; 

Hehnke -Vagnoni et al., 1996). In contrast to the other species discussed, in the pig 

TNF -a was only found in functional CL, with no positive staining in CL after 

progesterone concentrations had fallen. The authors suggested that this was related to 

the decrease in endothelial cells which occurs at luteolysis. Another significant finding 

in the pig CL was the lack of staining of macrophages for TNF -a at any stage 

examined (Hehnke -Vagnoni et al., 1996). 

Little work has been carried out to identify other cytokines in the CL, although 

studies have identified the ovary as a source of IL -1 and GM -CSF (Ziltener et al., 

1993; Brannstrom et al., 1994b). More recently, messenger RNA for TNF -a, IL -lß, 

IFN -y, and MCP -1 have been identified in the bovine CL at different stages of the 

oestrous cycle, after induced luteolysis and during suppression of PGF2a around the 

time of luteolysis (Anderson, 1997). Expression of MCP -1 was enhanced after 
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functional luteolysis, which may suggest a role for this cytokine in attracting 

monocytes / macrophages into the CL at the time of structural regression. 

1.4.7. Immune cell activation 

If immune cells and their secreted products are involved in luteal regression, there 

must be a trigger that activates the immune cells. The expression of cell surface 

molecules that are coded for by the major histocompatability complex (MHC) is 

centrally involved in regulation of the immune response. As discussed in Section 

1.4.1.6., there are two types of MHC glycoprotein molecules, Class I and Class II, 

which have different distributions and functions in the body. 

It has been suggested that the trigger for an immune response in luteolysis might be an 

alteration in, or aberrant expression of, MHC glycoproteins on luteal cell surfaces 

(Fairchild Benyo et al., 1991; Pate, 1994). Studies showed that, as expected, cultured 

bovine luteal cells did express MHC I molecules and there was very little MHC II 

expression. Addition of TNF -a or IFN -y to cultures for 72 hours resulted in a slight 

but significant increase in MHC I glycoproteins (Fairchild and Pate, 1991; Benyo and 

Pate, 1992). High MHC Class I expression could promote cytotoxic T -cell actions 

against luteal cells. More interestingly, there was a marked induction of MHC II 

molecules on luteal cell surfaces by IFN -y (Fairchild and Pate, 1989). This could allow 

for autoantigen recognition by TH cells and stimulation of cytokine production. In a 

further study, freshly dispersed bovine luteal cells were evaluated for MHC class II 

expression at three stages of the oestrous cycle. Cells from early CL had very low 

MHC class II expression. By day 10 nearly 80% of large cells displayed Class II 

glycoproteins, while small cells exhibited increased expression by day 18 of the cycle. 

Increased expression was also observed after PGF2a induced luteolysis (Fairchild 

Benyo et al., 1991). Similar patterns of expression have been observed in the ovine 

CL during the oestrous cycle (Kenny et al., 1991), which supports the hypothesis that 

these glycoproteins may have a functional significance in regulation of the CL in 

ruminants. Expression of MHC class II antigens on luteal cells has also been noted in 
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the human CL (Khoury and Marshall, 1990). If immune cells are involved in the 

luteolytic process, their activation signal, and consequently the immune response, 

would have to be suppressed during maternal recognition of pregnancy. It has been 

observed that infiltration of certain immune cell populations into the bovine (Lobel 

and Levy, 1968) and rabbit (Bagavandoss et al., 1990) CL of pregnancy does not 

occur to the same extent as in the CL of the normal oestrous cycle. Tying in with this, 

a significantly decreased level of MHC class II expression has been noted on all luteal 

cell populations in pregnant compared with non -pregnant cows (Fairchild Benyo et 

al., 1991) and sheep (Kenny et al., 1991). The signal for suppression of MHC Class II 

expression is not known., but may be related to the trophoblastic protein IFN -t. 

Since the presence of MHC class II molecules on luteal cells represents aberrant 

expression of the glycoprotein, they may also serve different roles to normal, 

unrelated to activation of the immune cells. They may serve as differentiation antigens 

(Fujiwara et al., 1993) or to present differentiation -stage specific peptides (Harris et 

al., 1993). There is some evidence that association of MHC molecules with cell 

surface receptors may alter responsiveness of the cell to protein hormones or growth 

factors (Solano et al., 1988; Hsu and Olefsky, 1993). The exact role of MHC 

expression on luteal cells therefore has yet to be determined. To date there have been 

no reports of studies on MHC expression by equine luteal cells, or by other non - luteal 

cells present in the CL. 

There is currently a considerable amount of research being undertaken on the whole 

question of the significance of the immune system, its cells and their products, in 

controlling ovarian function throughout the oestrous cycle. It seems obvious that a 

wide variety of mechanisms are involved, particularly around luteolysis. The multitude 

of interactions between immune cells, cytokines, growth factors, luteolytic and 

luteotrophic factors and luteal cells that occur throughout the lifespan of the CL 

leaves plenty of research still to be carried out in this area. In addition individual 
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species variations will also warrant investigation. To date, there have been no reports 

of research in this subject in the horse. 
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Chapter 2 

Immune cell populations in the equine corpus luteum 

throughout the oestrous cycle and early pregnancy - 

an immunohistochemical and flow cytometric study. 

'In his brain, which is as dry as the remainder biscuit after a voyage, he hath strange 

places crammed with observation, the which he vents in mangled forms' 

William Shakespeare (As You Like It) 

2.1. Introduction 

A number of studies in different animal species suggest that immune cells may play an 

important role in cyclical ovarian activity (Bukovsky and Presl, 1979; Murdoch et al., 

1988; Brannstrom and Norman, 1993). Indeed it was the observed similarities 

between inflammation and ovulation, such as vascular changes and influx of various 

leucocytes including macrophages, that first led workers to investigate the possibility 

that the immune system had a role to play in controlling ovarian function (Bukovsky 

and Presl, 1979; Espey, 1980). 

The corpus luteum (CL) is a heterogeneous structure, consisting of a number of 

different cell populations. The morphology of the mare CL is unlike that of ruminants, 

with marked trabeculation of the tissue. This results from the collapse of the large 

equine pre -ovulatory follicle (mean diameter 45 -50mm) at ovulation. The trabeculae 

consist of extracellular matrix, fibroblasts and small cells which are thought to be of 

thecal origin (Harrison, 1946), and contain much of the vasculature of the CL. The 

steroidogenic large luteal cells of the mare CL are thought to arise solely from the 

granulosa layer of the follicle (Van Niekerk et al., 1975). 
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The functional CL is a very vascular structure, consequently there are leucocytes 

circulating through the luteal tissue throughout its lifespan. There also exists a 

resident leucocyte population within the ovarian interstitial tissue itself In a number 

of species different inflammatory cell populations such as mast cells (Jones and 

Hsueh, 1981; Mori, 1990), macrophages (Paavola, 1979; Brannstrom and Norman, 

1993), lymphocytes ( Brannstrom and Norman, 1993), and granulocytes (Pepperell et 

al., 1992; Brannstrom et al., 1993) have been observed in the ovary throughout the 

oestrous cycle (Bagavandoss et al., 1991; Standaert et al., 1991; Brannstrom et al., 

1994b). The primary function of macrophages observed within the CL was presumed 

to be removal of debris by phagocytosis during regression of the CL (Paavola, 1979). 

Similarly the other leucocyte populations were initially thought to be involved simply 

in clearing up cells during structural regression. However more recent research has 

focused on the possibility that these cells play a more active role in CL function 

(Bukovsky and Presl, 1979; Murdoch et al., 1988; Bagavandoss et al., 1991). White 

blood cells, especially macrophages and granulocytes are a rich source of an array of 

cytokines with pleiotropic functions, a number of which have been implicated in 

altering cell function in the ovary (Adashi et al., 1990; Adashi, 1990; Pate and 

Townson, 1994). If cytokines play a physiological role in the ovary, leucocytes must 

first be present in sufficient numbers to produce concentrations of cytokines that 

could influence CL function. In addition one would expect to see changes in immune 

cell populations throughout the oestrous cycle, and especially at the time of key 

events such as luteolysis and ovulation. Studies in humans (Petrovska et al., 1992; 

Brannstrom et al., 1994c), pigs ( Standaert et al., 1991), rats (Brannstrom et al., 1993; 

Brannstrom et al., 1994a) and rabbits (Bagavandoss et al., 1990; Bagavandoss et al., 

1991) have found variations in populations of immune cells in corpora lutea during 

the oestrous cycle. The number of macrophages has been reported to increase prior to 

the onset of luteolysis in some species (Bagavandoss et al., 1988; Lei et al., 1991), 

while an early study in cows showed that the number of immune cells that infiltrate 

the CL is much lower in early pregnancy than in the non -fertile cycle (Lobel and Levy, 

1968). 
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If immune cells and their secreted products are involved in luteal regression, there 

must be a trigger that activates the immune cells. Alteration in, or aberrant expression 

of major histocompatability complex (MHC) glycoproteins on luteal cell surfaces has 

been suggested as such a trigger as this mechanism is known to be relevant in both 

normal and autoimmune responses. The expression of MEW Class II is centrally 

involved in regulation of the immune response, and is limited primarily to lymphocytes 

and antigen -presenting cells such as macrophages and B -cells. It can also be expressed 

by cells of non -lymphoid origin, and this aberrant expression usually indicates that the 

tissue is involved in an inflammatory or immune response, and is thought to be an 

underlying cause in certain autoimmune disorders (Roitt et al., 1996; Kuby, 1994). It 

has also been suggested that manifestation of Class II molecules by non -lymphoid 

cells may confer the property of antigen -presentation to these cells, allowing them to 

present previously unrecognisable autoantigens to lymphocytes for the initiation or 

enhancement of immune responses against the target tissue. MHC Class II antigens 

have been detected on human luteal cells (Khoury and Marshall, 1990), and increased 

expression has been observed on ruminant luteal cells towards the end of the luteal 

phase, and also after PGFz «induced luteolysis (Fairchild Benyo et al., 1991; Kenny et 

al., 1991). 

If the luteolytic process involves an immune response it would have to be suppressed 

or deactivated during the maternal recognition of pregnancy. Infiltration of 

lymphocytes and macrophages into the bovine (Lobel and Levy, 1968) and rabbit 

( Bagavandoss et al., 1988; Bagavandoss et al., 1990) CL of pregnancy does not 

occur to the same extent as in the CL of the normal oestrous cycle. In addition, MHC 

Class II expression is significantly decreased on all cell populations comprising the CL 

of pregnant compared with non -pregnant cows (Fairchild Benyo et al., 1991) and 

r sheep (Kenny et al., 1991). 

Prostaglandin Fza (PGFz «) produced by the endometrium and transported to the ovary 

by a counter -current mechanism of blood vessels is accepted to be the hormone 

responsible for the initiation of luteolysis and regression of the CL in ruminants 
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(Inskeep and Murdoch, 1980; Knickerbocker et al., 1988; Niswender et al., 1985). 

The close apposition of ovarian and uterine blood vessels in ruminants allows 

transport of prostaglandin by diffusion from the uterine vein to the ovarian artery, by- 

passing the systemic circulation. In the mare the situation with regard to the role of 

PGF2a in luteolysis is not nearly as clearcut. A close anatomical arrangement between 

ovarian and uterine blood vessels does not occur in the mare, and any PG release by 

the uterus must enter the systemic circulation to reach the ovary. However in other 

species most (approximately 90 %) of prostaglandin is cleared from the circulation in 

one passage through the lungs. One must assume therefore that lung clearance is less 

effective in equines, or that only extremely small quantities of PGF2a are required at 

the level of the ovary. Mares are known to be many times (approximately 10 -18 

times) more sensitive than cows, pigs or ewes to the luteolytic effects of PGF2a when 

given by systemic routes (Douglas and Ginther, 1973; Douglas and Ginther, 1975a; 

Oxender et al., 1975). It has been concluded that the affinity for PGF2a of luteal cell 

PGF2a receptors is about 10 times greater than that of receptors from cow CLs 

(Kimball and Wyngarden, 1977). This greater affinity may partly explain the high 

sensitivity of the mare to the luteolytic effects of PGF2a, reducing the need for a local 

utero- ovarian PGF2« concentrating mechanism. 

The newly developed CL in mares is resistant to the luteolytic effects of PGF2a 

(Douglas and Ginther, 1973; Douglas and Ginther, 1975b; Oxender et al., 1975). In 

fact the mare is responsive to PGF2a for only one third of her cycle, which is just half 

the lifespan of the CL. The reason for the refractory period has not been determined. 

PGF2a receptor binding studies (Kimball and Wyngarden, 1977; Vernon et al., 1979) 

utilised luteal cells from day 4 onwards, therefore missing the earliest period. 

Nevertheless PGF2a binding did increase from day 4 to day 12, which raises the 

question of whether the refractoriness of early CLs is due to lack of adequate 

receptors for PGF2a. 

The role of other hormones, such as oxytocin, oestrogen and progesterone, have also 

been investigated, and together these studies indicate that mares, like many other 

species, may utilise all these agents in triggering release of PGF2a. Although PGF2a is 

the primary luteolytic agent in ruminants, exposure of cultured bovine luteal cells to 
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PGF2a alone is not sufficient to completely abolish progesterone production (Pate and 

Condon, 1984). Therefore although PGF2a has a central role in luteolysis there are 

clearly other mechanisms which are essential for complete luteal regression. In 

addition the mechanism by which prostaglandin might initiate luteolysis is not clear. It 

has been investigated in a number of species with a variety of results (Nett et al., 

1976; Niswender et al., 1976; Silvia et al., 1984; Behrman et al., 1993; Fletcher and 

Niswender, 1982; Wiltbank et al., 1989b; Hoyer and Marion, 1989; Wiltbank et al., 

1989a). 

The purpose of this study was to investigate immune cell populations and expression 

of MHC Class II in the equine corpus luteum throughout the oestrous cycle, in early 

pregnancy and after administration of exogenous prostaglandin -F2a. 

2.2. Materials and methods 

2.2.1. Animals 

Genitally normal, healthy pony mares weighing 250 -350 kg and aged between 3 and 

15 years were used in this study. Normal patterns of oestrus and ovulation were 

exhibited by the mares throughout the spring and summer. They were examined by 

transrectal ultrasonography throughout the oestrous cycle to monitor follicular 

growth. During oestrus they were scanned daily until ovulation had occurred (day of 

ovulation =day 0). The mares subsequently underwent unilateral ovariectomy by 

colpotomy (Colbern and Reagan, 1987) at different stages of dioestrus: early (day 2- 

4), mid (day 7 -10), and late. This last group of mares was further divided up into day 

12 -14, pre -luteolytic, and day 16 -17, post -luteolytic. Another group of mares was 

ovariectomised during the mid -luteal phase, 24 hours after administration of 

exogenous prostaglandin -F2a analogue (Estrumate, Mallinckrodt Veterinary Ltd., 

Uxbridge, Middlesex, U.K.; 1ml i.m., equivalent to 263µg cloprostenol). The last 

group of mares in the study were bred by artificial insemination, diagnosed pregnant 

by ultrasound scan and subsequently monitored to confirm continuing pregnancy up 
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to and at the time of surgery. The ovary containing the CL was removed between day 

20 and 50 of pregnancy. Each group consisted of 5 -11 mares. 

2.2.2. Sample collection 

All surgery was performed under standing sedation and analgesia, using acepromazine 

(0.05 mg/kg i.m.; C -Vet Ltd., Bury St. Edmunds, UK), romifidine (0.05 mg/kg i.v.; 

Sedivet, Boehringer Ingelheim Ltd., Bracknell, UK) butorphanol (0.05 mg/kg i.v.; 

Torbugesic, Willow Francis, Crawley, UK) and flunixin meglumine (1.1 mg/kg i.v.; 

Finadyne, Schering- Plough Animal Health, Welwyn City Garden, UK). Tetanus 

prophylaxis was administered prior to surgery and all mares received in -feed 

trimethoprim and sulphadiazine (30 mg/kg /day; Uniprim, Cheminex Laboratories Ltd., 

Corby, UK) for four days post -surgery. 

In all cases blood samples were collected by jugular venipuncture into an evacuated 

heparinised tube (Becton Dickinson UK Ltd., Cowley, Oxford, UK) for 2 -3 days prior 

to, and immediately before surgery for progesterone analysis to assess CL function. 

Blood samples were centrifuged at 2000g for 15 min at 4 °C. Plasma was stored at - 

20°C prior to being assayed. 

2.3. Processing of blood samples 

2.3.1. Progesterone assay 

Progesterone concentrations were determined in unextracted plasma, using the 

method of (Corrie et al., 1981), modified by (Law et al., 1992). See Appendix 

Section 1.2. 

2.4. Corpus luteum processing 

Immediately after surgery the corpus luteum was dissected out of the ovarian tissue. 

Samples for immunohistochemistry were placed in OCT Compound (Miles Inc., 

.U 
r;:. 

51 



Elkhart, IN, USA) on individual cork discs, snap frozen in dry ice and isopentane, and 

stored at -70 °C prior to sectioning for inununohistochemistry. Fresh tissue was 

processed immediately for analysis by flow cytometry (see Section 2.4.6.). 

One piece of CL was fixed in 4% paraformaldehyde for preparation for paraffin 

blocks. Samples were removed after 24 hours and processed through to paraffin wax 

on a Tissue -Tek VIP 2000. 

2.4.1. Haematoxylin and eosin (H &E) stain for general morphology 

Sections (4µm) were cut from the paraffin- embedded tissue blocks, placed on glass 

slides and processed automatically using a Linstain GLX 22 for staining with 

haematoxylin and eosin. The sections were stained in Harris haematoxylin for 

approximately 1 minute, washed in water for 30 seconds, and then `blued' in Scott's 

Tap Water Substitute for 30 seconds. Counterstaining was carried out with Putt's 

eosin for 30 seconds. Sections were again washed in water (2 minutes) before 

dehydrating, clearing and mounting in DPX mountant (BDH, Poole, UK). 

2.4.2. Immunohistochemistry 

Cryostat sections (611,m thick) were cut (Shandon AS650M, Shandon, UK) from each 

sample, placed on gelatin- coated (Biobond, British Biocell International, Cardiff, UK) 

slides and air -dried for at least 2 hours before fixing for 5 min in acetone at 4 °C. 

Sections were then washed in phosphate buffered saline (PBS, pH 7.3) and stained 

using a modified avidin -biotin complex (ABC) staining method (Hsu et al., 1981), 

using a Vectastain Elite ABC Kit (Vector Laboratories, Peterborough, UK). 

Intense endogenous peroxidase staining had been found in luteal tissue in a previous 

study. Blocking of this had to be optimised for successful immunohìstochemical 

staining. An earlier study comparing glucose oxidase (5U /m1) and hydrogen peroxide 

(0.3% H2O2 in methanol) found very effective blocking of endogenous peroxidase 

with hydrogen peroxide, but with considerable loss of luteal cell structure. Although 

there was some residual peroxidase activity after glucose oxidase usage, the luteal 

architecture was better preserved, making cell identification and quantification much 

easier. Therefore glucose oxidase was used throughout the study. 
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Glucose oxidase solution (5 units of glucose oxidase/ml in 10 mM ß -D glucose, 1mM 

sodium azide and O.1M PBS, pH 7.3) was added to the slides and incubated at 37 °C 

for 50 minutes. Slides were then washed for 10 minutes in PBS. 

Non -specific binding was blocked by incubating sections with 1.5% normal horse 

serum for 15 minutes at room temperature, prior to addition of the primary antibody 

for overnight incubation at 4 °C. The following day slides were again washed for 10 

minutes with PBS. The biotinylated second antibody was added and the sections 

incubated for 30 minutes at room temperature. Slides were again washed in PBS for 

10 minutes, and then incubated with the avidin- biotin reagent for another 30 minutes 

at room temperature. After another 10 minutes washing with PBS, 3- amino -9 -ethyl 

carbazole (AEC) was added for visualisation of the reaction product. Incubation for 

7 -8 minutes at room temperature seemed to give best all -round results, though there 

was some variation depending on the monoclonal antobody in use. Therefore colour 

development was monitored for each batch of slides for optimal results. Sections were 

then washed in tap water, counter - stained with Meyer's haematoxylin (2 minutes) and 

mounted using an aqueous mountant (Immumount, Shandon, Pittsburgh, PA, USA). 

Negative control sections in which normal mouse serum was substituted for the 

primary antibody were included in each batch of slides, while sections of equine lymph 

node were used as positive controls throughout. 

Primary monoclonal antibodies 

In comparison with other species the range of equine -specific monoclonal antibodies 

available is limited, and their specificities less well defined. There is also some 

variability in their staining properties on frozen tissue sections, and in addition the 

high fat content of luteal tissue can cause background staining problems. Therefore a 

range of monoclonals, both equine and ruminant, were tested on equine luteal tissue 

before deciding on those most suitable for the study. Staining distribution on positive 

control sections of equine lymph node or gut were used to ascertain that the correct 

cell types were being identified, before deciding on those monoclonals to be used 

throughout the study. 
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Monoclonals to CD4 (HB 61A), CD8 (HT 14A), CD5 (FIB 19A), and 

macrophages/granulocytes (DH 59B) were purchased from VMRD (Washington 

State University), and a monoclonal to B -cells (MAC 292) was kindly donated by Dr. 

J. Kydd (Animal Health Trust, Newmarket). The specificities of these antibodies have 

been reported previously (Kydd et al., 1994). MHC Class II markers (VPM 36 & 54) 

were obtained from the Deptartment of Veterinary Pathology, University of 

Edinburgh. Although these two monoclonals were developed as ruminant antigen 

markers, there is strong interspecies conservation of the MHC antigen (Hopkins et al., 

1986). Initial trials were performed alongside a commercially available equine MHC 

Class II monoclonal antibody (TH14B; VMRD, Washington State University). 

TH14B is also marketed as a ruminant MHC Class II marker, specific for the DR 

locus, which is the locus identified by VPM54 (Dutia et al., 1995). Both VPM 36 and 

54 produced identical staining patterns to the equine marker and on this basis they 

were used throughout the rest of the study. 

2.4.3. Non -specific esterase staining for macrophages 

Macrophages were identified using the non - specific esterase staining method, as 

described by Hudson and Hay (1989). 

Frozen sections of tissue (61,tm) were fixed for 30 seconds at 4 °C in 30m1 of O.1M 

phosphate buffer, pH 6.6, mixed with 45 ml acetone and 25 ml formaldehyde solution. 

Slides were washed in distilled water and allowed to air dry. 

The pararosaniline dye solution used was prepared immediately before use. Six ml of 

pararosaniline stock solution (1g pararosaniline, 5m1 10M HC1, 20 ml distilled H2O; 

heated to 70 °C, cooled to room temperature and filtered) was added to 6ml of 4% 

sodium nitrite and diluted to 200m1 with 0.067M phosphate buffer, pH 5.The pH of 

the activated dye solution was adjusted to pH 5.8 with 0.1M sodium hydroxide. a- 

napthyl acetate (50mg) dissolved in 2m1 acetone was added to the dye solution. 

Sections were incubated in the dye solution at 37 °C for 40 -45 minutes, and then 

rinsed in distilled water. 

Sections were counterstained for 1 -2 minutes in 0.4% methyl green, given a final 

wash in distilled water and allowed to air dry before being mounted in DPX mountant. 
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2.4.4. Carbol chromotrope staining for eosinophils 

Sections of fixed tissue were stained using the carbol chromotrope method, as 

described by Lendrum (1944) for detection of eosinophils. Sections of gut were used 

as positive controls. 

Sections (41.1m) were cut and placed on glass slides. Sections were stained in 

haematoxylin for 1 minute, washed in water and differentiated in acid alcohol. The 

blue stain was developed briefly in Scott's Tap Water Substitute, prior to staining 

with carbol chromotrope solution (5g phenol, 2.5g carbol chromotrope, 500m1 

distilled water) for 10 minutes at room temperature. Slides were then rinsed briefly in 

alcohol and cleared in xylene before mounting in DPX mountant (BDH, Poole, UK). 

2.4.5. Cell counts 

Preliminary studies indicated that the immune cells were far more numerous in the 

trabeculae of the CL than among the luteal cells. They were also found in greater 

numbers in the capsule of the CL. For this reason the capsule and associated fibrous 

tissue were avoided when examining the samples. Only extravascular positively 

stained cells present in the viewing field were counted. Five randomly selected fields 

were examined using the 40X objective of a binocular microscope, taking 

representative fields from the outer, middle, and inner areas of each CL. The mean of 

the 5 fields was taken as the final figure. 

2.4.6. Flow cytometry 

2.4.6.1. Principles of flow cytometry 

Flow cytometry provides a powerful and discriminatory means of identifying and 

fractionating cell populations. Analytical parameters are used to identify cells with 

different physical characteristics, by the way that they interact with a focused laser 

beam. The degree of light diffraction (forward scatter, FSC) caused by a cell is 

proportional to its size, and therefore surface area, and the degree of light reflection 

and refraction (side scatter, SSC) is proportional to cell complexity or granularity. 

Results are presented in the form of `dot -plots', as shown in Fig. 1, where each dot 
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represents a cell. The x -axis represents forward scatter (FSC) / light diffraction, 

related to cell size, while the y -axis represents side scatter (SSC) / light reflection plus 

refraction, related to cell complexity. Therefore the smallest, least complex cells, such 

as lymphocytes in blood cell preparations, will appear in the lower left hand corner of 

the dot -plot, and larger, more complex cells, e.g. macrophages in blood preparations, 

or large luteal cells in CL preparations, will be found in the upper right hand area of 

the dot -plot. Parameters can be grouped so that a particular, even very minor, cell 

population can be defined. 

Flow cytometry can also be used to count positively stained cells from a population of 

cells, or measure the fluorescence intensity of such cells. Cells are first stained with a 

specific monoclonal antibody, which is then visualised using a fluorescein -conjugated 

second antibody. Fluorescent cells can then be identified within a large population of 

cells, e.g. specific sub -populations of lymphocytes can be identified in a mixed 

preparation of white blood cells. Positive cells can then be expressed as a percentage 

of the total population of cells counted, or, as mentioned, where the properties of the 

cell type in question are known, the machine can be set to only count cells within a 

specified range of the measured parameters of size and complexity, known as a `gate'. 

The major limitation to the application of this technique is the need to work with 

single cells in suspension. Different processes can be used for preparation of cell 

suspensions from tissue samples, and the production of well dispersed populations of 

intact cells representative of the parent tissue is in itself no easy task. In a comparative 

study of mechanical and collagenase dissociation of equine CL tissue (Broadley et al., 

1994) it was found that collagenase dissociation yields a population of cells 

unrepresentative of the CL. The relatively higher proportion of small cells is probably 

due to a combination of cell release from the luteal matrix, and preferential 

destruction of large cells. Mechanical dissociation produces intact cell types, but they 

may not be completely dissociated. As cell counts are based on size and complexity, 

clumps of small cells will be counted as large cells. However, since we were interested 

in investigating MHC Class II expression by large cells it was decided to use 

mechanical dissociation for luteal cell preparation throughout the study. 
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Figure 1. Flow cytometry scan of equine luteal cells, ungated (top), and gated 

(bottom). Large luteal cells are present in Area A. Small cells and cell debris in Area 

B were excluded from analysis. 



2.4.6.2. Luteal cell preparation 

Samples were divided into three groups, mid (day 6 -8), late / pre -luteolytic (day 12- 

14) and late / post- luteolytic (day 16 -17) luteal phase. Early, day 2 -4, CL were 

excluded from flow cytometry due to the large proportion of red blood cells present in 

these samples, which would distort the cell count. In addition, due to the phenomenon 

of Rouleaux formation by equine red blood cells, they add the extra risk of blocking 

the FACS machine. Luteal tissue was finely minced using a scalpel blade and 

resuspended in 30 ml Hank's balanced salt solution (Ca++ / Mg +{ free) buffered with 

20 mmol Hepes (buffered HESS, Flow Laboratories, Irvine, UK). Cells were 

mechanically dissociated from the tissue by repeated gentle inversion 10 -15 times. The 

suspension was passed through a 100 pm stainless steel mesh, the cells were collected 

by centrifugation (400g, 10 min) and resuspended in buffered HBSS. Cells were 

washed twice in fresh ice -cold FACS buffer (1% bovine serum albumin and 0.1% 

azide in PBS), and counted by use of a haemocytometer. A cytospin preparation of 

each tissue sample was stained with Diff -Quick TM (Baxter, Thetford, UK), to 

evaluate the cell population obtained by the dissociation process. Cells from individual 

CL were then processed for indirect immunofluorescence. 

2.4.6.3. Preparation of blood cells 

White blood cells were used as positive controls throughout the study. Blood (10m1) 

was collected by jugular venipuncture into lithium heparin (200U) just prior to 

ovariectomy. Red blood cells (RBCs) were lysed by the ammonium chloride lysis 

method. Lysis solution was prepared by adding 90m1 of 0.16M NHLCI to 10m1 of 

0.17M Tris (pH 7.0) and heating the solution (pH 7.2) to 37 °C. Heparin was added at 

0.5 %. Thirty-five ml of lysis solution was then mixed with 10m1 of whole blood. 

RBCs lysed within seconds, and the solution was centrifuged at 250g for 5 minutes. 

Lysed red cells were poured off, and the remaining cells resuspended in lysis solution. 

Cells were spun down and resuspended a further two times, and were finally 

suspended in FACS buffer containing 0.5% heparin. 
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2.4.6.4. Cell processing for indirect immunofluorescence 

Approximately 1 x 105 viable luteal cells /tube were incubated for 30 minutes at 4 °C 

with each of three primary monoclonal antibodies for MHC Class II antigen. Test runs 

were performed in the initial stages of the project to ascertain the optimal dilutions of 

each antibody to use. TH14B (VMRD Inc., Pullman, WA) ascites fluid was used at 

1 /1000 dilution, VPM 36 and VPM 54 (Dept. of Veterinary Pathology, University of 

Edinburgh) tissue culture supernatants were used at 1/10 dilution. Controls included 

cells incubated with 1:500 normal mouse serum substituted for the primary antibody 

to monitor possible non -specific binding of antibody, and cells incubated with PBS 

instead of antibody. Cells were washed twice with FACS buffer and then visualised 

with fluorescein isothiocyanate (FITC) -conjugated rabbit anti -mouse immunoglobulin 

antiserum (Dako, High Wycombe, UK) diluted 1:250. Cells were again washed twice 

in FACS buffer and then fixed in 1% w/v paraformaldehyde (BDH, Poole, UK) and 

maintained at 4 °C in the dark pending analysis, which was always performed within 6 

days of labelling. 

2.4.6.5. Flow cytometric analysis 

A minimum of 5000 cells from each sample were analysed using a Fluorescence 

Activated Cell Analyzer (FACScan, Becton Dickinson, Los Angeles, CA, USA). Cells 

with different physical characteristics (size, complexity) were analysed separately by 

gating using forward scatter (FSC : cell size) and side scatter (SSC : cell complexity) 

parameters. For the luteal cell preparations specific gates were not set at the time of 

analysis to select specific cell populations. Instead gating of the scatter plots was 

carried out after flow cytometry, which permitted isolation of cell populations of 

interest, and exclusion of debris and red blood cells. Equine luteal cells are relatively 

large, measuring 26 -36µm depending on the stage of the oestrous cycle. As we were 

interested in MHC Class H expression by these cells a gate was set which 

encompassed the largest cells on the plot (Fig. 1, Area A), and excluded debris, red 

blood cells and inflammatory cells (Fig.l, Area B). The gate area occupied by 

inflammatory cells was identified for each case by analysis of blood cells from the 

same animal. The voltage on the Photo -Multiplier Tube (PMT) was set for all the 
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cells that were analysed, both gate A and B. The larger, more complex cells found in 

Area A will have, as all such type cells do, a greater degree of autofluorescence than 

smaller cells found in Area B. 

The percentage of positively labelled cells was calculated by subtracting signals from 

non -specifically labelled cells. 

2.5. Statistical analysis 

Immunohistochemistry results were analysed using the Kruskal -Wallis test for non- 

parametric data. Differences between samples where present were then analysed using 

the Mann - Whitney test. Flow cytometry results were analysed using one -way analysis 

of variance. A p -value of less than 0.05 was taken to be significant. All statistical 

analysis was performed using Minitab software (Pennsylvania State University, PA, 

USA). 
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2.6. Results 

2.6.1. Progesterone assay 

Progesterone concentrations were used to determine CL activity in the mares at the 

time of surgery. Progesterone levels decrease very rapidly at the time of functional 

luteolysis, prior to structural luteolysis / physical regression, and are therefore a very 

sensitive indicator of alterations in luteal performance (Smith et al., 1970; Sharp and 

Black, 1973). Luteolysis was considered to have occurred when plasma progesterone 

concentrations were less than 2ng/ml. All of the animals in the day 2 -4, day 7 -10 and 

day 12 -14 groups had progesterone levels consistent with the presence of a functional 

CL prior to, and at surgery. Mares in the day 16+ group all had progesterone levels 

that indicated that functional luteolysis had occurred, as did those that had been 

administered PGF2a. 

2.6.2. Immune cell detection 

2.6.2.1. Oestrous cycle and early pregnancy 

At all stages of dioestrus, lymphocytes were far more numerous in the trabeculae of 

the CL than among the luteal cells themselves (Fig. 2 a & b), and CD8+ cells 

exhibited similar distribution patterns, and were present in approximately equal 

numbers. CD4+ cells were present in significantly greater numbers in the day 16+ 

samples than in the day 2 -4 (p <0.01) or day 7 -10 (p <0.05) tissues (Fig. 3). On visual 

examination there was an apparent increase in cell numbers in the trabeculae during 

the late luteal phase along with a migration of cells amongst the luteal cells (Fig. 4). 

CD8+ cells were present in significantly higher numbers at day 12 -14 than day 2 -4 

(p <0.05). CD5+ cells were present in low numbers throughout the cycle, with no 

significant differences between any of the groups (Fig. 5). 

Populations of CD4+ cells were significantly lower in early pregnancy than at any 

stage of the oestrous cycle (p <0.01, except day 2 -4: p <0.05). Corpora lutea from 
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Figure 2 a. T- lymphocytes (CD8 +) present within a large trabeculus in a day 12 CL. 

Figure 2 b. T- lymphocytes (CD8 +) present in a small trabeculus in a day 12 CL. 
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Figure 3. Numbers of CD4+ and CD8+ T- lymphocytes present in equine CL at 
different stages of the oestrous cycle, early pregnancy and after PGF2a, administration. 
*) significantly (p <0.05) higher than all other stages of the cycle (but not than each other). 
+) significantly (p <0.05) lower than all other stages of the cycle. 
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Figure 4. Movement of T- lymphocytes from the trabeculae in amongst the luteal cells 

of a day 16 CL. 



Figure 5. Numbers of CD5 positive cells in equine CL at different stages of the 
oestrous cycle, early pregnancy and after PGF2a administration. 
No significant difference between any of the groups. 
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Figure 6. Number of B- lymphocytes and eosinophils present in equine CL at different 

stages of the oestrous cycle, early pregnancy and after PGF2a administration. 
*) significantly (p <0.05) higher than all other groups. 
+) significantly (p <0.05) higher than in mid -luteal stages. 
#) significantly (p <0.05) lower than after natural luteolysis (day 16 -17). 



pregnant mares also contained significantly lower numbers of CD8+ cells than at day 

12 -14 or day 16 -17 of the oestrous cycle (p<0.01) (Fig. 3). CD5+ cells again showed 

no significant differences in number in early pregnancy when compared with any stage 

of the oestrous cycle (Fig. 5). 

B -cells were present in very low numbers at all stages of the oestrous cycle, with an 

average of only 0 -3 cells per field examined. Numbers of cells present however were 

significantly greater in early, day 2 -4 (p <0.05) and late, day 16 -17 CL (p<0.01) than 

in mid -luteal, day 7 -10 CL. Numbers of B -cells were significantly lower in pregnancy 

only when compared with early luteal, day 2 -4, samples (p <0.05) (Fig. 6). 

Cells staining positively for DH59B were detected in luteal tissue throughout the 

oestrous cycle, and were present in significantly greater numbers in day 2 -4 and day 

16-17 samples than in tissue collected on day 7 -10 and day 12 -14 (p <0.05) (Fig. 7). 

Numbers of positively stained cells were also significantly higher in samples collected 

on day 2 -4 than at day 7 -10 or day 12 -14. Closer examination revealed that the 

majority of the positive cells in early CL were neutrophils (Fig. 8 a), whereas at later 

stages most of the positive cells were macrophages (Fig. 8 b). Numbers of 

macrophages were significantly lower in CLs of pregnancy than at any stage of the 

oestrous cycle (p <0.05) (Fig. 7). 

Cells positive for non - specific esterase staining were present in significantly greater 

numbers in day 16 -17 post -luteolytic samples than at any other stage of the cycle 

(p <0.05) (Fig. 7). In addition there was a significant increase in positive cells between 

day 7 -10 and day 12 -14 samples (p <0.05). Non - specific esterase positive cells were 

present in significantly lower numbers in pregnancy than in day 16+ samples only 

(p <0.05 (Fig. 7). 

The number of MHC Class II positive cells was significantly increased in late luteal 

post -luteolytic samples when compared with mid -luteal tissues (Fig. 9). At all stages 

expression of MHC class II was only detected on cells present in the trabeculae and 
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Figure 7. Numbers of cells positive for DH59B and non -specific esterase staining in 

equine CL at different stages of the oestrous cycle, early pregnancy and after PGF2u 

administration. 
*) significantly (p <0.05) higher than all other stages of the cycle. 

+) significantly (p<0.05) lower than all other stages of the cycle. 

c) significantly (p <0.05) higher than day 7 -10 and day 12 -14 groups. 

Figure 8 a. DH59B- positive cells in a day 2 CL, many of which are neutrophils. 



Figure 8 b. DH59B positive cells in a day 10 CL, most of which appear to be 
macrophages. 

Figure 9. Numbers of cells positive for MHC class II (VPM 36 and VPM 54) in 

equine CL at different stages of the oestrous cycle, early pregnancy and after PGF2« 

administration. 
*) significantly (p<0.05) higher than all other stages of the oestrous cycle and pregnancy. 
+) significantly (p <0.05) lower than all other groups. 
c) significantly (p <0.05) higher than day 7 -10 and pregnancy groups. 
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Figure 10 a. MHC class II (VPM 36) positive cells present in the trabeculus of a day 
14 CL. 

Figure 10 b. Increased numbers of MHC class II (VPM 54) positive cells in a day 16 
CL. Positive cells are present in the trabeculus, and also amongst luteal cells. 



between the luteal cells. No MHC class II expression was evident on luteal cells (Fig. 

10 a & b). One of the monoclonal antibodies (VPM 54) also showed a significant 

increase in expression between early luteal and late luteal post -luteolytic samples 

(p <0.05). MHC Class II expression was reduced in early pregnancy. The number of 

cells expressing MHC Class II was significantly lower in pregnancy than at day 12 -14 

(p <0.05) and day 16 -17 (p <0.01) of the oestrous cycle (Fig. 9). 

Eosinophils were present in only very low numbers throughout the oestrous cycle, and 

showed no significant differences in number during the period studied. There were 

similarly low numbers present in early pregnancy, with significantly fewer than at day 

12 -14 of the oestrous cycle (p <0.05) (Fig. 6). 

2.6.2.2. Immune cell detection after exogenous PGF2a 

Following PGF2a administration, numbers of CD4+ cells were significantly lower than 

after natural luteolysis (p <0.01), while numbers of CD8+ cells were not significantly 

altered (Fig. 3). Numbers of CD5+ cells were also unchanged (Fig. 5), while B -cell 

numbers were significantly lower than in day 16+ samples (p <0.05) (Fig. 6). 

MHC Class II expression was no different after PGF2a administration than after 

natural luteolysis for both monoclonal antibodies used (Fig. 9). 

Numbers of DH59B positive cells were significantly increased (p <0.05) in luteal tissue 

after PGF2a administration when compared with all stages of the oestrus cycle and 

early pregnancy (Fig. 7). 

Cells positive for non -specific esterase staining were present in significantly lower 

numbers (p<0.05) when compared with day 16+ samples, but in significantly higher 

numbers than in day 7 -10 samples (Fig. 7). 

Eosinophils were present in significantly greater numbers (p <0.05) in tissue examined 

from PG- treated mares than in tissue from mares that had undergone natural luteolysis 

(Fig. 6). 
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2.6.3. Flow cytometry 

As the only difference between the negative control and positive samples is a different 

primary reagent, with identical cells being analysed, the results graphs are directly 

comparable. The luteal cell staining seen with the MEC Class II antibodies was 

essentially identical to that of the negative control samples, for all stages of the 

oestrous cycle examined (Fig. 11 (a), (b) & (c)). 
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Figure 11. Flow cytometry results. 
(a) Dot -plot showing the gate setting used for analysis of large luteal cells (Area A), 

and exclusion of small cells and cell debris (Area B). 

MHC class II expression, using monoclonal antibody VPM 36, by (b) day 7, (c) day 

12, and (d) day 16 corpora lutea. 
Broken line represents control samples, and the solid line MHC class II expression. 



2.7. Discussion 

Different inflammatory cell populations have been observed in the ovaries of a number 

of animal species throughout the oestrous cycle. Increasingly, research on the local 

interactions occurring between immune and reproductive cells suggests a key role for 

leucocytes and their products in ovarian physiology alongside gonadotrophins and 

traditional growth factors. To date there have been no reports on immune cell 

populations in the horse CL. We have shown that, as in other species, immune cell 

populations in the equine CL vary during the oestrous cycle and after administration 

of PGF2a. 

The macrophage is the best documented ovarian cell of lymphohaematopoietic origin 

and has been localised in the ovary of several species (Paavola, 1979; Lei et al., 1991; 

Wang et al., 1992; Brannstrom and Norman, 1993). Initially macrophages were 

thought simply to be involved in clearing up cells of the CL during structural 

regression, accompanied by other white blood cells. However cells of the 

mononuclear phagocyte system possess considerable functional heterogeneity in 

tissues and body cavities. In addition to their phagocytic role, macrophages secrete a 

wide variety of products involved in connective tissue breakdown and vascular 

changes, which have also been shown to be ovulatory mediators (Brannstrom et al., 

1994b). They are also a rich source of multifunctional cytokines such as tumour 

necrosis factor -a (TNF -a) and interleukin -1 (IL -1), both of which have been shown 

to be capable of influencing various ovarian cell functions (Roby and Terranova, 

1989; Nakamura et al., 1990; Roby et al., 1990; Zolti et al., 1990; Hurwitz et al., 

1991; Veldhuis et al., 1991). 

In the present study, macrophage numbers were increased in post -luteolytic samples 

when compared with mid -luteal tissues. There was some increase in cell numbers by 

day 12 -14, though the difference was not significant. However there were problems 

with the macrophage marker used, as some day 16+ samples were repeatedly negative 

for macrophages, in addition to having strong background staining which was not 

seen in earlier samples. The exact specificity of the monoclonal DH59B has not been 

64 



reported, and it may be that at this late stage the macrophages are activated and the 

antigen recognised is not expressed by activated cells. High numbers of positive cells 

in early CLs were identified morphologically as neutrophils, which probably arrived as 

a normal component of post -ovulatory haemorrhage and corpus haemorrhagicum 

formation. Identification of macrophages by non -specific esterase staining confirmed 

these findings with significantly increased numbers of positive cells present only in 

post -luteolytic samples when compared with every other stage of the cycle. However, 

there was a significant difference in numbers of positive cells between day 7 -10 and 

day 12 -14 samples. This may indicate an influx of macrophages into the equine CL 

prior to functional luteolysis. 

We found that CD4+ and CD8+ cells were present in approximately equal numbers 

during dioestrus. Numbers of CD4+ cells increased significantly in CL after luteolysis 

compared with early and mid -luteal samples. As this increase occurred after functional 

luteolysis the influx may not be relevant to the demise of the CL. However CD8+ 

cytotoxic T -cells increased significantly prior to functional luteolysis (day 12 -14) 

which may suggest a role for them and their products in luteolysis. Furthermore, in 

peripheral blood of the horse the ratio of CD4 +: CD8+ T -cells is greater than 2:1 

(Lunn et al., 1991), indicating that there appears to be selective infiltration of CD8+ 

lymphocytes into the equine CL. A similar phenomenon has been noted in the rat 

ovary during the periovulatory period (Brannstrom et al., 1993), while in the cow 

there is evidence to suggest that CD8+ cells are involved in functional luteolysis 

(Ndikum -Moffor et al., 1994). Thus it seems that these cells may well have a 

physiological role in control of ovarian function. T- lymphocytes are a rich source of a 

variety of cytokines such as IL -2 and IFN -y, both of which have been shown to affect 

steroidogenesis of human granulosa- lutein cells (Wang et al., 1991; Wang et al., 

1992). IFN -y has also been found to alter bovine luteal cell prostaglandin production 

and progesterone synthesis (Fairchild and Pate, 1991), which suggests a role in 

luteolysis, and can also have direct cytotoxic effects on cells especially when present 

in combination with some other cytokines (Campbell et al., 1988; Fairchild and Pate, 

1991; Benyo and Pate, 1992). Such properties, when taken in conjunction with cyclic 
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variations in cell numbers, may suggest a physiological role for T -cells in cyclical 

ovarian activity. 

In the present study three different T- lymphocyte markers were utilised. CD4+ / 

helper T -cells and CD8+ / cytotoxic/killer T -cells are two mutually exclusive 

subpopulations of T- lymphocytes in the horse (Lunn et al., 1991; Kydd et al., 1994), 

whose numbers when added together should, in theory, equal those of the CD5+ cells, 

a pan-T -cell marker. This was not the case in the present study where CD5+ cells 

were present in only very low numbers and were always greatly outnumbered by the 

other T -cells (Fig. 12 a & b). Research in sheep has revealed a similar discrepancy 

(Hopkins and Dutia, 1990), and it appears that the CD5 molecule is lost on cellular 

activation. Such an occurrence would explain other reports where CD4+ and CD8+ 

cells greatly outnumbered CD5+ cells (Gorrell et al., 1988; Meeusen et al., 1988). 

Numbers of CD5+ cells in the equine CL in this study did not vary significantly 

throughout the oestrous cycle or in early pregnancy. 

B- lymphocytes were present in very low numbers throughout the oestrous cycle. 

Studies of human CL failed to detect any B -cells during the menstrual cycle (Wang et 

al., 1992; Brannstrom et al., 1994c). Reports from a number of other species also fail 

to mention B -cells (Standaert et al., 1991; Petrovska et al., 1992; Brannstrom et al., 

1994a). B -cells are antibody -producing cells which are active in humoral immune 

responses, a role which is probably not relevant to CL function. 

MHC Class II expressing cells detected by immunohistochemistry were present in 

significantly higher numbers in post -luteolytic samples (day 16 -17) than in mid -luteal 

tissue. Some increase in numbers was noted in day 12 -14 samples though the 

difference was not significant. The increase probably reflects the increased number of 

immune cells present as the CL undergoes structural luteolysis, and phagocytic cells 

move in. Expression of MEW Class II by equine large steroidogenic luteal cells was 

not detected in this study, either immunohistochemically, or with flow cytometry (See 

Chapter 3). Although large luteal cells expressed autofluorescence this was to be 
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Figure 12 a. CD5 positive cells in a section of day 16 luteal tissue. 

Figure 12 b. A serial section of the same day 16 CL, stained for CD8 positive cells. 



expected due to their size and complexity. The relative fluorescence of the negative 

control and positive samples was not notably different, indicating that the large Iuteal 

cells were not expressing MHC Class II, at any stage of the oestrous cycle examined. 

This finding differs from that in other studies in the cow (Fairchild Benyo et al., 1991) 

and sheep (Kenny et al., 1991) which have reported MHC Class II expression by 

luteal cells themselves towards the end of the luteal cycle, and after PGF2a- induced 

luteolysis (Fairchild Benyo et al., 1991), although a recent study in the bovine CL also 

failed to detect MHC Class II expression (Anderson 1997). 

Eosinophil infiltration into the CL during luteolysis has been observed in a number of 

species particularly the sheep (Nett et al., 1976; Murdoch et al., 1988) and pig 

(Standaert et al., 1991). A role for these cells in initiation of luteal regression has been 

suggested in the pig ( Standaert et al., 1991). In this study eosinophils were present in 

the equine CL in very low numbers throughout the oestrous cycle, and showed no 

significant increase at the time of luteolysis. 

If immune cells are involved in the luteolytic process the immune response would 

have to be suppressed during the maternal recognition of pregnancy. The findings in 

the present study agree with those in the cow (Lobel and Levy, 1968) and rabbit 

(Bagavandoss et al., 1988) where a decreased infiltration of lymphocytes and 

macrophages into the CL of pregnancy was observed. We found significantly lower 

numbers of both CD4+ and CD8+ cells in early pregnancy than during the oestrous 

cycle. Numbers of macrophages also decreased significantly in early pregnancy. MHC 

Class II expression was reduced in the mare CL in early pregnancy, but this may 

simply reflect the decreased numbers of T- lymphocytes and macrophages present in 

the tissue. MI-IC Class II expression is significantly decreased in all cell populations 

comprising the CL of pregnant compared with non -pregnant cows (Fairchild Benyo et 

al., 1991) and sheep (Kenny et al., 1991). The signal for suppression of MHC Class II 

expression in these species is not known, but has been suggested to be related to the 

trophoblast protein interferon -ti (IFN -ti) (Pate, 1995). No equivalent conceptus- 

derived protein has been identified in the mare. 
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The exogenous administration of PGF2a caused some interesting changes in cell 

populations in the CL. Plasma progesterone levels indicated that the mares had 

undergone functional luteolysis at the time of ovariectomy. Numbers of CD4+ cells 

were significantly lower than after naturally occurring functional luteolysis, whereas 

there was no significant difference in populations of CD8+ cells. MHC Class II 

expression was also not significantly different to levels after natural luteolysis. 

The results from the DH59B monoclonal antibody staining again presented some 

problems. As seen in the post -luteolytic samples there was a problem with 

background staining, which was even worse in the PG- treated tissue, with clusters of 

positive cells also present. As mentioned earlier, the exact specificity of the DH59B 

monoclonal antibody has not been reported. It is marketed as a macrophage / 

neutrophil marker, however these cells did not appear morphologically to be either 

macrophages or neutrophils. Perhaps the background staining seen after luteolysis, 

both natural and artificially induced, is caused by alterations in surface antigens in the 

resident cells of the CL. This could be caused by changes in the steroid hormone 

milieu, or possibly by the presence of PG in the luteal tissue. The pharmacological 

dose of PG used to artificially induce luteolysis is many orders of magnitude greater 

than the normal physiological levels found in the equine CL, and therefore could 

feasibly induce greater changes. 

The non -specific esterase staining results showed a significant decrease in positive 

cells, taken to represent macrophages, after PG treatment, when compared with day 

16 -17 samples. However levels were not different to day 12 -14 tissue, and therefore 

were greater than those seen in day 7 -10 tissue. Perhaps the more rapid demise of the 

CL after artificially induced luteolysis does not give the macrophages enough time to 

infiltrate the tissue in the numbers seen after natural luteolysis. Alternatively induced 

luteolysis may not follow the same programme for decline as seen in natural luteolysis 

either, and substances attractant for macrophages and other inflammatory cells may 

also be missing from the process. 
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In this study it was found that eosinophils were present in the equine CL in very low 

numbers throughout the oestrous cycle, and showed no significant increase at the time 

of luteolysis. In contrast, after PGF2a administration numbers of eosinophils were 

increased to significantly greater levels than in day 16 -17 samples. This suggests that 

exogenous PG, either directly, or through changes induced in the luteal tissue, can 

attract eosinophils into the equine CL. 

In conclusion we have shown that various immune cells, particularly lymphocytes, 

differentially migrate into, and out of, the equine CL during the oestrous cycle, early 

pregnancy and after administration of PGF2a. The nature of this migration suggests a 

possible involvement of certain populations of these cells in modulation of luteal 

activity. To clarify the role of immune cells within the CL, further studies are required 

to try to identify specific products of these cells within the CL throughout its lifespan. 

The equine CL differs in a number of respects, both physically and physiologically, 

from those of other domestic species. There is marked trabeculation of the tissue, the 

trabeculae being composed of extracellular matrix, fibroblasts and small cells thought 

to be of thecal origin. In addition the steroidogenic cells of the CL are thought to be 

derived solely from the granulosa layer of the pre -ovulatory follicle. The precise 

mechanism of luteolysis in the mare is also unclear. The mare does not possess a 

countercurrent mechanism of blood vessels at the ovary as seen in ruminants, and any 

PG release by the uterus must enter the systemic circulation to reach the ovary. The 

problem of rapid clearance of PG from the systemic circulation is overcome by the 

high sensitivity of the mare CL to very small amounts of PG. 
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Chapter 3 

Major Histocompatability Complex Class II 

expression by equine peripheral blood leucocytes. 

`I am sufficiently proud of my knowing something to be modest 
about my not knowing all' 

Vladimir Nabokov 

3.1. Introduction 

3.1.1. Major Histocompatability Complex Class II 
The Major Histocompatability Complex (MHC) is a chromosomal region encoding 

several types of genes that have a major role in determining the immune response. The 

Class I and Class II genes control the expression of polymorphic cell surface 

molecules that are responsible for presentation of peptide fragments to antigen 

specific receptors of T- lymphocytes. Class I molecules are found on the surface of all 

the nucleated cells of the body, and play a major role in recognition of `self, and 

hence in tissue and graft rejection. Class II molecules are more limited in their 

distribution, and are classically expressed only by lymphocytes and antigen -presenting 

cells such as macrophages and B- lymphocytes. 

The MHC is known by different names in different species. Since it contains genes 

that encode for histocompatability antigens present on human leucocytes, the human 

MHC became known as HLA, for human leucocyte antigen. Following on from this 

naming strategy, the genetic system of the antigen presenting structures within the 

MHC of the horse is called the equine leucocyte antigen (ELA). Although the overall 

organisation of the MHC region is fairly well conserved among distantly related 

mammals such as humans, mice, and cattle there are differences between species, both 

in arrangement and number of certain genes within the MHC. In addition these closely 

linked genes, or loci, may have different nomenclature in different species. The region 

responsible for encoding the Class II molecules in humans is known as the D- locus. 
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Three different subregions of the HLA -D locus encode the three distinct subtypes of 

Class II molecule found in the human, DP, DO and DR. In the bovine, MEC Class II 

molecules, also known as the BoLA, bovine leucocyte antigen, are encoded by two 

distinct subregions DQ and DR (Dutia et al., 1995). In the horse also, the Class II 

antigens are denoted as products of the D region, and genes similar to the human 

homologues have been identified (Antczak, 1992; Marti et al., 1996). 

As mentioned, MHC Class II molecules are constitutively expressed only on B -cells, 

dendritic cells and thymic epithelial cells (Benjamin and Leskowitz, 1988), while other 

cell types may be induced to express them. For example, macrophages can be induced 

to express Class II by activating factors such as y- interferon (Benjamin and 

Leskowitz, 1988). It has been realised relatively recently however that MHC Class II 

can also be expressed by cells of non -lymphoid origin. This aberrant expression 

usually indicates that the tissue is involved in an inflammatory or immune response, 

and may be an underlying cause in certain autoimmune endocrine disorders (Kuby, 

1994). It has also been suggested that manifestation of Class II molecules by non- 

lymphoid cells may confer the property of antigen -presentation to these cells, allowing 

them to present previously unrecognisable autoantigens to lymphocytes for the 

initiation or enhancement of immune responses against the target tissue. 

There are also species differences in the expression of Class II by certain cells, 

particularly T- lymphocytes. In the two species with the most intensively studied 

MHC, man and mice, Class II molecules are not expressed by resting T -cells. 

However, activation of human T- lymphocytes causes these cells to express Class II 

molecules, while mouse T -cells remain unchanged (Klein, 1986). To date studies in 

the horse have found a very different situation. Virtually all T -cells have been found to 

express Class II molecules, although at a lower density than do B -cells (Crepaldi et 

al., 1986), and it has been suggested that T -cells express the products of fewer Class 

II loci than do B -cells (Monos et al., 1989; Barbis et al., 1994). A more recent study 

(Lunn et al., 1993) reported that equine MHC II antigen was found on a large subset 

of T- lymphocytes, both CD4- positive and CD8- positive cells, in addition to all B- 

lymphocytes. The same study examined changes in MHC II expression with age of the 

animal. An increase in level of expression with age was demonstrated, occurring 
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principally on T- lymphocytes. It was proposed that this change may be associated 

with the development of a memory T- lymphocyte population, and that MHC II 

expression may be a marker for memory T -cells. Barbis et al., (1994) disputed this 

theory on a number of counts. Firstly, in most adult horses they found that virtually all 

T -cells expressed detectable levels of MHC II. These could not all be memory T -cells, 

or there would be no circulating virgin T- lymphocytes in peripheral blood. Secondly, 

most foals express MHC Class II antigens on some proportion of their T -cells at birth, 

before they have had any significant exposure to foreign antigens. Thirdly, 

homozygotes for a certain MHC haplotype appeared to have a lower expression of 

MHC II antigens at birth than did animals which did not possess that haplotype. In 

addition, Lunn et al.,(1993) described one foal in which the percentage of B -cells 

expressing MHC II also increased with age. Barbis et al., (1994) therefore 

hypothesised that the increase in MHC Class II antigen expression is a 

developmentally regulated process unrelated to exposure to antigen. 

As mentioned, the MHC class II antigens are polymorphic molecules, and are 

classically found on the surface of immune cells. As the first molecules of the immune 

system needed to recognise a pathogen, with non -recognition resulting in lack of 

immune response, they have a direct regulatory role in immune responses, responsible 

for presenting the recognised antigen to T- lymphocytes. As referred to, distinct 

subtypes of M IC class II have been identified in all species examined to date, e.g. 

three in man, DP, DQ and DR, and two in cattle, DQ and DR. The likelihood is that 

there are also two or three subtypes in the horse. These subtypes have restricted, and 

in some circumstances different, tissue distributions. In addition there is considerable 

interspecies variation in this distribution. The different subtypes also have distinct 

functions. The DR locus is involved in up- regulation of the immune response, and the 

DQ locus in down -regulation. In addition, polymorphisms in subtypes are known to 

have different disease associations. These include viral diseases, allergies and a large 

number of auto - immune diseases, such as rheumatoid arthritis and some forms of 

diabetes mellitus in man. There is currently a lot of work being carried out regarding 
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infectious diseases and M-IC class II associations in a number of species. In man the 

DQ locus has been associated with suppression of the immune response in HIV 

infections. Studies in the horse have identified a relationship between the inheritance 

of particular MHC class II alleles and susceptibility to sarcoids, virally induced 

tumours which have a variety of clinical manifestations, the course of which appears 

to be genetically determined. The importance of studying MHC class H expression in 

different species in both health and disease can therefore be appreciated. To date there 

has been very little information on the type or number of expressed equine MHC class 

II loci. 

In addition tissue distribution of identified subtypes needs to be examined, as does the 

degree of MHC class II polymorphism. This is especially important in the horse as 

many equine breeds have a very limited gene pool, e.g. the Thoroughbred population 

is derived from a small number of foundation sires, and in the Exmoor pony breed 

there is up to 70% identity at gene level. In man the identity level is only about 20 %. 

Under such circumstances the animals suffer from a loss of MHC diversity, and there 

is a greater likelihood of finding correlations between MHC class II subtypes and 

disease. Evidence suggests that a reduction in MHC polymorphism within a species 

may predispose that species to disease. A reduction in the number of MHC molecules 

available to a species as a whole may put a corresponding limitation on the range of 

processed antigen with which these molecules can interact. Thus a high level of MHC 

polymorphism may be advantageous by providing a broad range of antigen- presenting 

MHC molecules, thereby ensuring that at least some members of a species will be able 

to respond to any one of a very large range of potential pathogens. In this way MHC 

diversity appears to protect a species from a wide range of infectious diseases. 

Correspondingly, a lack of MHC class II diversity will limit the range of pathogens 

recognised, and therefore there is potential for infectious agents to sweep through 

such a population of animals. 

It is obvious therefore that there is still a vast amount of work still to be performed in 

this field of research in the horse. Initially the precise expression of MHC class II by 

equine lymphocytes requires investigation. This also necessitates confirming antibody 

reactivity by electrophoresis, to ensure the identified antigen is MHC class II. Final 
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determination would also entail purifying MHC class II antigens using reagents with 

defined reactivity, and then performing N- terminal sequencing of the surface proteins 

isolated. These final steps were outwith the scope of the study being performed here, 

where, following on from our initial results on MHC Class II expression in equine 

peripheral blood lymphocytes (PBL), which were used as controls for the luteal cell 

investigations reported in Chapter 2, we wished to try to more closely investigate the 

issue of MHC class II expression by equine lymphocytes. We also wanted to confirm 

the reactivity of the antibodies used both in this study, and in the luteal study reported 

in Chapter 2. 

3.1.2. Principles °B low low cytometry 

Flow cytometry provides a powerful and discriminatory means of identifying and 

fractionating cell populations, the basic principles of which have already been 

explained in Chapter 2, Section 2.4.6.1. 

It is also a technique which permits detection of markers at a sensitivity otherwise 

difficult to achieve. It can be used to count positively stained cells from a population 

of cells, or measure the fluorescence intensity of such cells. Cells are first stained with 

a specific monoclonal antibody, and are then linked to a fluorescein- conjugated 

second antibody. Fluorescent cells can then be identified within a large population of 

cells, e.g. specific sub -populations of lymphocytes can be identified in a mixed 

preparation of white blood cells. Positive cells can then be expressed as a percentage 

of the total population of cells counted, or, as mentioned, where the properties of the 

cell type in question are known, the machine can be set to only count cells within a 

specified range of the measured parameters of size and complexity, known as a `gate' 

(Fig. 1). 

The major limitation to the application of this technique is the need to work with 

single cells in suspension. Although this is not such a problem when working with 

blood samples and cells, different processes used for preparation of different cell 

populations from whole blood may also alter expression of surface antigens, or level 

of cellular activity. 
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3.2. Materials and methods 

3.2.1. Solutions required 

Red blood cell lysis buffers 

Solution A 

0.16M NH4C1(8.3g / L distilled H20). 

Solution B 

0.17M Tris (20.6g / 9000mis distilled 1120). 

pH was adjusted to 7.65 with HCI, and then made up to 1L. 

Working Solution 

10mis Solution B was added to 90m1s Solution B, the pH adjusted to 7.2. Heparin 

was added at 0.5 %, and the solution warmed to 37 °C. 

TNT 

20mM Tris (4.85g) 

140mM NaC1 (16.36g) 

0.5% Triton x100 (10mis) 

Ingredients dissolved in <2L distilled water and pH adjusted to 8 with HCl before 

making up to a total of 2L. The solution was then autoclaved and stored at 4 °C. 

Lysis buffer 

= TNT + 0.2mM PMSF (Phenylmethylsulfonyl Fluoride) 

0.035g PMSF was dissolved in 1ml acetone, stored at -20 °C and used at 1:1000 in 

TNT. 

FACS Buffer 

1% Bovine serum albumin, 0.1% azide and 0.5% heparin were added to Phosphate 

buffered saline. The solution was made up fresh for use, and kept at 4 °C. 
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3.2.2. Collection of samples 

Male and female horses of various ages and several breeds were used as blood donors 

for cell isolation. 

In all cases blood samples were collected by jugular venipuncture into evacuated 

heparinised tubes (Becton Dickinson UK Ltd., Cowley, Oxford, UK). 

For preparation of the white blood cell lysate for Western blotting larger volumes of 

blood, approx. 100m1, were collected, also into heparin anticoagulant, at 200U / 

10m1. 

Cell lysate was also prepared from the spleen of a freshly euthanised animal. 

3.2.3. Preparation of samples 

3.2.3.1. White blood cells for flow cytometry -as in Section 2.4.6.3. 

Red blood cells (RBCs) were lysed by the ammonium chloride lysis method (Mishell 

and Shiigi, 1980). Working solution was prepared as described (Section 3.2.1.), and 

warmed to 37 °C. 35m1s of warmed solution was added for each 10mIs of whole 

blood, and the mixture inverted gently until red blood cell lysis occurred, a few 

seconds. The solution was then centrifuged at 250g for 5 min. Lysed red cells were 

poured off in the supernatant, and the remaining cell pellet resuspended in FACS 

buffer. Cells were spun down and resuspended a further two times using FACS buffer. 

3.2.3.2. Activation / Proliferation assay 

25ml of whole blood was placed in a sterile universal container with glass beads, and 

inverted for 10 min. The fibrin clot was removed, the remaining blood transferred into 

two 50m1 centrifuge tubes, and made up to 40m1 with sterile PBS. This mixture was 

underlayed with 10m1 of sterile Lymphoprep® (Nycomed Pharma As, Oslo, Norway), 

and centrifuged at 800g for 20 min, with no brake applied. The interface between the 

Lymphoprep® and the PBS was removed using a pipette and placed in a clean 
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centrifuge tube. RPMI (Gibco BRL, Life Technologies Ltd., Paisley, Scotland, UK) 

containing 1% foetal calf serum (FCS)(Gibco BRL) was added to make up a total of 

20m1, and the solution centrifuged at 250g for 20 min, again with no brake applied. 

The remaining cells were then pooled in a centrifuge tube, made up to 20m1 in RPMI 

containing 1% FCS, and centrifuged at 250g for 5 min. The resultant cell pellet was 

resuspended in 10m1 of RPMI containing 10% FCS. 1001.l was removed, and a cell 

count made using a haemocytometer. 

The cells were then made up in solution to contain 5x105 cells / ml in RPMI 

containing 10% FCS, and 1% each of L- Glutamine, 2- mercaptoethanol (ME), 

Fungizone® and Penicillin- Streptomycin (all from Gibco BRL). 10m1 of cell solution 

was placed in 25ml culture flasks, and 514 of ConA (Sigma Chemical Co.) per ml of 

cells added. Cells were then incubated for 48 hours at 37 °C in 5 %CO2 in air. 

Cells were washed twice in FACS buffer, and resuspended at an appropriate 

concentration prior to staining and flow cytometric analysis. 

3.2.3.3. Cell lysates 

White blood cell lysate 

Whole blood was initially prepared by ammonium chloride lysis of red blood cells, as 

in 3.2.3.1. and volumes adjusted accordingly. Following red cell lysis the remaining 

white cells were resuspended in a small volume of PBS, and a cell count performed 

using a haemocytometer. 

Lysis buffer was added at a rate of lml per 5 x 10' white blood cells. The mixture was 

left on ice for at least 30 min, and then centrifuged at 13,000 rpm for 10 min. The 

supernatant was decanted into fresh eppendorf tubes and stored at -70 °C until 

required. 

In the case of the ovine samples, run as positive controls for the polyacrylamide gel 

electrophoresis, white blood cell lysate was prepared from lymph. The procedure was 

exactly the same as that for the equine PBL preparation once a cell count had been 

performed. 
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Concentration of antigen 

After some initial electrophoresis and immunoblot trials concentration of antigen in 

the equine PBL lysate was performed, immediately prior to using the sample for 

electrophoresis, to try to obtain a better signal. 

The original PBL lysate samples were defrosted, an equal volume of ice -cold acetone 

added, and the mixture kept at -20 °C overnight. They were then microfuged at 13,000 

rpm for 15 min. The supernatant was discarded, and the remaining pellet resuspended 

in sample buffer. 

Spleen lysate 

The splenic capsule was removed with a scalpel, and the splenic tissue `homogenised' 

in a commercial liquidiser in HBSS (Gibco BRL). The resultant cell `sludge' was 

centrifuged at 250g for 15 min at 4 °C, and the supernatant discarded. The remaining 

cells were resuspended in ice cold TNT containing PMSF (see Section 3.2.1.), using 

two volumes of solution to each volume of cells, and left on ice for at least 30 min to 

lyse the cells. Nuclei were removed by centrifugation at 1200g for 20 min at 4 °C. The 

supernatant was decanted into fresh containers, and 0.05% azide added prior to 

storing at -70 °C until required. 

Prior to use it was defrosted, and the lysate further clarified by centrifugation for 120 

min at 30,000g at 4 °C. After filtering through millipore prefilters the lysate was ready 

to use. 

3.2.4. Single- colour FACSing 

3.2.4.1. Monoclonal antibodies used 

A selection of monoclonal antibodies against various lymphocyte markers were used, 

along with antibodies for MHC Class II antigen. 

Lymphocyte markers : 

T -cells ; CD4 marker, HB61A 

CD8 marker, HT 14A 
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MHC Class II markers : 

CD5 marker, HB19A 

(all from VMRD Inc., Pullman, WA, USA) 

B -cells ; MAC 292 

(kindly donated by Dr. J. Kydd, Animal 

Health Trust, Newmarket, UK). 

VPM 36 

VPM 54 

TH 14B 

(both from Dept. of Veterinary Pathology, 

University of Edinburgh) 

(VMRD Inc., Pullman, WA, USA). 

Optimal working dilutions for all the antibodies were ascertained in trial runs 

performed in the initial stages of the project. 

Antibodies obtained from VMRD Inc. came as ascites fluid and were used at a 

dilution of 1 : 500. VPM 36 and 54 were tissue culture supernatants, and were used at 

1 : 10 dilution. MAC 292 was also a tissue culture supernatant, and was used neat. 

3.2.4.2. Cell processing for indirect immunofluorescence 

White blood cells were initially prepared as in Section 3.2.1.3.1. 

General guidelines : 

Proper resuspension of cells after each wash was ensured. 

Better binding of FITC was achieved by incubating it in the dark. 

As even freshly prepared paraformaldehyde may change cells so that they differ from 

unfixed ones, all cells were finally resuspended in 50:50 paraformaldehyde : FACS 

buffer, so that they had all been treated identically. 
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The longer cells are left before reading the more chance they have of losing their 

fluorescence. In this study cells were read as soon as possible after staining, and 

always within 6 days. 

All solutions were used ice -cold. 

50111 of cells at approx. 2x106 cells / ml were incubated for 30 min at 4 °C with each of 

the primary monoclonal antibodies used in the study. Controls included cells 

incubated with 1:500 normal mouse serum substituted for the primary antibody to 

monitor possible non -specific binding of antibody, and cells incubated with PBS 

instead of antibody. Cells were washed twice with FACS buffer and then incubated 

with fluorescein isothiocyanate (FITC) -conjugated rabbit anti -mouse immunoglobulin 

antiserum (Dako, High Wycombe, UK) diluted 1:250, for 1 hour at 4 °C. Cells were 

again washed twice in FACS buffer and then fixed in 50:50 FACS buffer and 1% w/v 

paraformaldehyde (BDH, Poole, UK) and maintained at 4 °C in the dark pending 

analysis, which was always performed within 6 days of labelling. 

3.2.4.3. Flow cytometric analysis 

A minimum of 5000 cells from each sample were analysed using a Fluorescence 

Activated Cell Analyzer (FACScan, Becton Dickinson, Los Angeles, CA, USA). Cells 

with different physical characteristics (size, complexity) were analysed separately by 

gating using forward scatter (FSC : cell size) and side scatter (SSC : cell complexity) 

parameters. This permitted selection for lymphocyte and macrophage populations, and 

exclusion of red blood cells and debris. The percentage of positively labelled cells was 

calculated by subtracting signals from non -specifically labelled cells. 

3.2.5. Two -colour FACSing 
For two -colour flow cytometry it is necessary to differentially label the groups of 

monoclonal antibodies used, so that they can then be identified with different markers 

which fluoresce at distinct wavelengths in the flow cytometey. In this study the labels 
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used allowed for differentiation between the anti -MEC Class II monoclonal antibodies 

used and the anti -cell phenotype antibodies. Therefore it was possible to determine 

what proportion of each cell phenotype identified (CD4, CD8 or CD5) were also 

MHC Class II positive, at either the DQ (VPM 36) or DR (VPM 54) locus. The 

monoclonal antibodies utilised were the same ones listed earlier that were used for the 

single -colour FACSing (Section 3.2.1.4.1.). 

3.2.5.1. Biotinylation of anti -MHC Class II antibodies 

Two of the anti -MHC Class II monoclonal antibodies, VPM 36 and 54, were 

biotinylated for use in the two -colour flow cytometry study. 

Ascites fluid preparations of these two monoclonals were necessary for this part of 

the study as they contain antibody at a higher concentration than tissue culture 

supernatant preparations. 

Caprylic acid precipitation 

25111 of glacial acetic acid was added to 1 ml ascites to bring the pH to 5.0. 50µl of 

caprylic acid was added and the solution rotated at room temperature for 30 min. The 

solution was microfuged at 13,000 rpm for 5 min, and then placed at 4 °C for 30 min. 

The caprylic acid `cap' was removed and the supernatant collected, discarding the 

precipitate pellet. The supernatant was then dialysed into several changes of 0.1M 

bicarbonate buffer, pH 8.5. 

The concentration of antibody was then adjusted to 1 mg /ml in buffer as follows : 

The spectrophotometer was first zeroed using buffer. A 1:10 dilution of the dialysed 

ascites was made in buffer and the optical density (OD) measured at 280nm. The 

extinction coefficient for the immunoglobulin is 0.715, so that an OD =1 is equivalent 

to 0.715 mg /ml immunoglobulin. From this the concentration of the dialysed ascites 

could be calculated, and then adjusted to 1 mg/ml. 

Biotinylation 

To each 1 mg of protein 751.tg of biotinamidocaproate N- hydroxysuccinamide ester 

(Sigma Chemical Co.) in DMSO was added, and incubated, rotating, at room 
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temperature for 5 hr. The solution was then dialysed against PBS containing 0.01% 

azide overnight, followed by a 2 hr dialysis in 100 ml PBS containing 0.01% azide and 

20% glycerol. 

The resulting solution was then tested by flow cytometry at different titrations before 

aliquoting and storing at -70 °C. 

3.2.5.2. Cell preparation and staining 

For two -colour analysis the anti -cell phenotype antibodies were detected using the 

relevant Ig subclass- specific FITC- conjugated anti -mouse Ig antiserum, and the 

biotinylated anti -class II monoclonals were detected using streptavidin -phycoerythrin 

(SA -PE, Amersham International PLC, Amersham, GB). Before use, the 

concentrations of all the antibodies were optimised by test titrations and flow 

cytometry runs. 

White blood cells were initially prepared as for single -colour flow cytometry (See 

section 3.2.3.1.). 

The same general guidelines as in Section 3.2.4.2. were applied. 

In addition, cells were only washed once in buffer after SA -PE staining as it has been 

found that it can be removed from the cells by too much washing. 

S01.11 of cell suspension at approx. 2 x 106 cells per ml was added to each tube, to give 

approx 1 x 105 cells per tube. The first monoclonal, non -biotinylated, anti -cell 

phenotype antibody, was added and incubated for 15 min at room temperature. The 

cells were washed once in FACS buffer, by centrifuging at 250g for 5 min. 2511l of 

FITC at a dilution of 1 : 250 was added and incubated for 15 min at room 

temperature in the dark. Cells were washed once, 250 of the first antibody added, 

and incubated for 15 min at room temperature, before washing once more. 251.11 of the 

second monoclonal, biotinylated, anti -MHC II antibody, was added and incubated at 

room temperature for 15 min. Cells were then washed twice in buffer, before adding 

25µ1 of SA -PE at 1 : 400 dilution and incubating at room temperature for 15 min. 
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Cells were washed once more in buffer, and then resuspended in 2000 of buffer and 

2001.11 of freshly prepared 1% w/v paraformaldehyde (BDH, Poole, UK). They were 

maintained at 4 °C in the dark pending analysis, which was always performed within 6 

days of labelling. 

3.2.5.3. Flow cytometric analysis 

Cells were again analysed using a Fluorescence Activated Cell Analyzer (FACScan 

Analyzer, Becton Dickinson, Los Angeles, CA, USA). Active / live gating using 

forward scatter (FSC) and side scatter (SSC) parameters were used to distinguish the 

different cell populations in the PBL preparations, and to eliminate dead cells and red 

blood cells from analysis. Linear amplification was used for the physical parameters 

(FSC, SSC) and logarithmic amplification used for the fluorescence parameters (FL1- 

green -FITC, FL2- red- SA -PE). FL1-FL2 and FL2-FL1 compensation was used to 

optimise the two -colour analysis. 

3.2.6. Polyacrylamide gel electrophoresis (PAGE) and Western blotting 

/ immunoblotting. 

Gloves were worn throughout all procedures. 

Most of the chemicals used for the PAGE were purchased from Bio Rad 

Laboratories Ltd, Hemel Hempstead, Herts, UK, and the remainder from Sigma 

Chemical Co.. 

3.2.6.1. Polyacrylamide gels 

Solutions required 

1.5M Tris pH 8.7 

45.413g Tris in 250m1 total distilled H2O. 

pH adjusted with conc. HCI. 
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1M Tris pH8.7 

24.22g Tris in 200m1 total distilled H2O. 

pH adjusted with conc. HC1. 

Sample buffer 

2% w/v SDS 0.8g 

20% v/v glycerol 8.Oml 

0.125M Tris pH 6.8 0.6g 

(or 1M Tris pH 6.8 5.0m1) 

0.04% bromophenol blue 

5% ß- mercaptoethanol 2.0m1- if reducing buffer required 

Made up to a total of 40m1 with distilled H2O. 

Running buffer 5X concentrated stock 

Tris 6.0g 60g 

SDS 1.0g 10g 

Glycine 28.0g 280g 

Made up to 1 litre with distilled H2O. Made up to 2L. 

Blotting buffer 

Tris 11.63g 

Glycine 5.85g 

Methanol 400m1 

Made up to 2L with distilled H2O. 

12% polyacrylamide gels 

- prepared as follows: 

Main gel solution 

Distilled H2O 

1.5M Tris pH 8.7 
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10% SDS 

Bis /acrylamide 

10% Ammonium persulphate 

TEMED 

20Oµ1 

4.0m1 

l00µ1 

l0µ1 

Stack gel solution 

Distilled H2O 12.4m1 

1M Tris pH 6.8 2.5ml 

10% SDS 200111 

Bis /acrylamide 2.0m1 

10% Ammonium persulphate 100µl 

TEMED 20µl 

10% Ammonium persulphate was prepared fresh, as required. 

All other gel solutions, except SDS, were stored at 4 °C. 

The necessary glass plates and spacers were cleaned with absolute alcohol, placed in 

holders, and the screws tightened to secure them in place. These were then clipped 

into place in their plastic holders, ensuring the rubber seal strips were properly in 

place. 

The main gel solution was prepared and added between the glass plates, 

approximately 7/8 full. A few drops of water - saturated isobutanol was added to 

straighten the top of each gel, and they were left to set on a level surface. Once set the 

stacking gel solution was prepared and the isobutanol soaked off with blotting paper. 

A small amount of the stacking gel solution was pipetted on top of the main gel, 

tipped out to rinse the top, and the process repeated. The glass plates were then filled 

to the top with stacking gel solution and appropriate combs pushed in to 2 -3 mm 

above the main gel, being careful to avoid air bubbles. They were then left to set on a 

level surface. 
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3.2.6.2. Sample preparation 

Equine samples prepared from PBLs were run as processed, and also after 

concentrating the antigen present in the original samples (see Section 3.2.3.3.). 

Depending on the species being tested, the type of buffer used in the running of the 

gel affects the resolution of the Class II a and ß chains. Sheep Class II a and ß chains 

are resolved only under non -reducing conditions, while under reducing conditions the 

a and ß chains are not separated (Hopkins et al., 1986). In contrast, it has been found 

that human Class II a and ß chains are resolved under reducing conditions (Brickell et 

al., 1981). As we did not know how equine Class II chains would behave samples of 

both the original and the concentrated antigen were prepared in reducing and non- 

reducing sample buffer. 

Ovine samples were run in parallel as positive controls, and were also prepared in 

reducing and non -reducing sample buffer. 

In all cases an equal volume of the appropriate sample buffer was added to each 

sample in an eppendorf tube, the lid pierced, and the samples boiled for 3 min. 

Rainbow protein molecular weight markers® (Amersham, Aylesbury, Bucks., UK) 

were also prepared, by adding the required amount to an equal volume of reducing or 

non -reducing buffer. 

3.2.6.3. Running the gels 

The combs were removed from the set gels, and the plate holders clicked into the 

`running' holders, and running buffer added to fill the centre of the holder. A 

Hamilton syringe was rinsed in running buffer and then used to load the samples into 

the wells, including the markers, rinsing well between samples. The gels and holders 

were placed in their respective running tanks and running buffer added to cover the 
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bottom electrodes. The gels were run at 150V until the dye front had nearly reached 

the bottom of the gel (approximately 40 min). 

The gels were then disconnected and processed for Western blotting. 

3.2.6.4. Western / immuno - blotting 

Three pieces of Whatman 3mm chromatography paper (Whatman Scientific Ltd., 

Maidstone, Kent, UK), per gel, were soaked in blotting buffer and placed on the 

bottom graphite plate of the blotter (Biorad Transblot SD, BioRad Laboratories Ltd.). 

Nitrocellulose membrane (Nitrocellulose Extra, Sartorius, Gottingen, Germany) was 

wetted with buffer and placed on top of the paper. The gels were carefully removed 

from between the glass plates, and placed on top of the nitrocellulose membrane, 

being cautious to avoid trapping any airbubbles. A further three pieces of blotting 

paper per gel were soaked in blotting buffer and placed on top of the gels. After 

ensuring that the `blots' were all sufficiently moist, the lid and electrodes were 

attached and the blot was run at 120 mA for 35 -40 min. 

The electrodes were disconnected and the gel removed. A scalpel was used to cut off 

the marker strip from each gel, which in this study were already coloured, and 

therefore needed no further processing. 

The remaining nitrocellulose membrane was blocked in 5% milk powder in Phosphate 

buffered saline containing 0.01% azide (PBS /azide) for 30 min, followed by two 5 

min rinses in PBS /azide, all on a mechanised rocker. 

The membrane was then cut into vertical strips to allow for incubation of separate bits 

with each of the monoclonal antibodies used; 

VPM 36 and 54, both used as tissue culture supernatant, neat. 

TH14B, used at 1:500 dilution. 

negative control sections were incubated with an irrelevant antibody. 

All incubations were performed overnight at 4 °C, in a sealed container, on a 

mechanised rocker. 

The next day the strips of membrane were washed 5 times over 30 min in 0.1% 

Tween 20 in PBS, and then incubated at room temperature for 1 hour in biotinylated 
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anti -mouse conjugate (Vector Laboratories, Bretton, Peterborough, UK) diluted 

1:1000 in PBS. The strips were again washed 5 times over 30 min in 0.1% Tween 20 

in PBS, before incubating in the second conjugate, Streptavidin -Alkaline Phosphatase 

conjugate (Boehringer Mannheim, Mannheim, W.Germany) for 1 hour at room 

temperature. After washing 5 times over 30 min in 0.1% Tween 20 in PBS substrate 

was added. The substrate used was Fast BCIP -NBT Tablets (Sigma Chemical Co.), 

made up fresh as per manufacturers instructions, and which only required 5 -10 min 

incubation to develop the result. The strips were rinsed in deionised water and dried 

on blotting paper before evaluating in conjunction with the marker strips. The dried 

membranes were then stored in the dark prior to photographing. 
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3.3. Results 

Firstly a brief explanation of the FACScan pictures shown later will be provided. Fig. 

1 shows the result of the negative control run, where cells were incubated with PBS 

instead of antibody. As can be seen from the picture, cells displaying no fluorescent 

staining appear in area `3'. When performing flow cytometry using FITC stain, 

positively stained cells are detected on the FL1 channel, represented on the x -axis, and 

appear in area `4' of the scan picture, e.g. Figs. 2 -5. Cells stained with SAPE are 

detected on the FL2 channel, represented on the y -axis, and appear in areas `1' and 

`2' of the scan picture, e.g. Fig. 6. Double - stained cells, positive for both FITC and 

SAPE, will be detected on both FL1 and FL2, and will appear in area `2' of the scan 

pictures, e.g. Fig. 10. In all cases non - staining cells appear in area `3' of the scan 

illustration. 

3.3.1. Single -colour flow cytotnetry 

Peripheral blood leucocytes (PBL) from male and female horses of various ages and 

several breeds were examined by single colour flow cytometry, looking at phenotype 

and MHC Class II expression of the cells, as identified by the range of monoclonal 

anitbodies previously described (Section 3.2.4.1.). 

In all cases populations of cells positive for CD4, CD8, CD5, B -cell staining and 

MHC Class II were identified. 

Cells positive for CD4 staining, helper T- lymphocytes, had a mean of 48.5% (range 

37.2 -65.7 %) of the PBLs examined (Fig. 2), while CD8 positive cells, cytotoxic / 

suppressor T- lymphocytes, accounted for a mean of 16.9% (range 14.0 -19.7 %) of the 

total PBL population examined (Fig. 3). CD5 positive cells, in theory all T- 

lymphocytes, accounted for a mean of 68.5% (range 56.4 -78.8 %) of PBLs examined 

per animal (Fig. 4). A mean of 27.6% (range 15.5 -32.9 %) of PBLs were identified as 

B- lymphocytes by the monoclonal MAC 292 (Fig. 5). 

Three anti -MHC Class II monoclonal antibodies were used in the study, and gave 

similar results for numbers of positive cells detected. VPM 36 recognised, on average, 
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Figure 1. Negative control, with no fluorescence detected on either channel. 
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Figure 2. CD4 positive cells, labelled with FITC, present in area `4' of the flow 

cytometry scan picture. 
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Figure 3. CD8 positive cells, labelled with FITC, present in area `4' of the scan picture. 
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Figure 4. CD5 positive cells, labelled with FITC, in area `4' of the scan picture. 
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Figure 5. Cells positive for the B -cell monoclonal antibody, labelled with FITC, in area 
`4' of the scan picture. 
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Figure 6. Cells positive for MHC class II staining (monoclonal antibody VPM 36), using 
biotinylated antibody, and present in area `1' of the scan picture. 



39.6% (range 27.1 -57.1 %) of PBLs, VPM 54 identified an average of 32.5% (range 

18.3- 47.0 %) of PBLs, while TH14B positive cells accounted for an average of 39.3% 

(range 13.9 -77.5 %) of PBLs (Fig. 6). 

3.3.2. Two -colour flow cytometry 

PBL's from a very similar population of horses to those used for the single -colour 

flow cytometry experiments, were also collected for two -colour flow cytometry. Cells 

were examined for double staining with a cell phenotype antibody and a MHC Class II 

monoclonal. The same parameters were also examined on cells before and after 

activation / proliferation assay (Section 3.2.3.2.). 

Populations of cells positive for individual monoclonal antibody staining and dual 

staining were identified. 

An average of 1.03% (range 0.32 -3.06 %) of cells were positively stained for both 

CD4 and VPM 36 MHC Class II antigens (Fig. 7 (a)), while 1.38% (range 0.08- 

4.00%) stained with both CD4 and VPM 54 (Fig. 7 (b)). A similar proportion of cells 

were CD8 and MHC Class II positive, with 1.03% (range 0.19 -1.96 %) positive for 

CD8 and VPM 36 (Fig. 8 (a)), and 1.07% (range 0.12 -2.01 %) positive for CD8 and 

VPM 54 (Fig. 8 (b)). Double staining for CD5 and MHC II antigens identified 4.78% 

(range 1.27 -9.08 %) of cells as CD5 and VPM 36 positive (Fig. 9 (a)), and 4.23% 

(range 0.75- 21.44 %) as CD5 and VPM 54 positive (Fig. 9 (b)). An average of 15.5% 

(range 8.72 -29.46 %) of PBL's were accounted for by VPM 36 positive B -cells (Fig. 

10 (a)), and 12.6% (range 4.34 -25.74 %) by VPM 54 positive B -cells (Fig. 10 (b)). 

PBL were also examined before and after activation / proliferation (see section 

3.2.3.2.). Examination of the flow cytometry `dot -plots' of the cells after activation 

did indicate an increase in blast type cells. However analysis of the results of two - 

colour flow cytometry, carried out as for all other samples, revealed no increase in 

MHC II expression by the `activated' PBLs. Percentage of total PBL that were both 

Class II positive and CD4+ or CD8+ remained low (1.25 -6.06% and 0.74 -13.35% 

respectively), as did Class II positive CD5+ cells (0.5- 21.2 %). B -cells remained the 
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Figure 7 (a). Cells positive for CD4 staining, area `4', and cells positive for MHC class 

II, VPM 36, staining, area `1'. Very few double staining cells, area `2'. 
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Figure 7 (b). Cells positive for CD4 staining, area `4', and cells positive for MHC class 

II, VPM 54, staining, area `1'. Very few double staining cells, area `2'. 
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Figure 8 (a). CD8 positive cells, area `4', and MHC class II (VPM 36) positive cells, area 

`1'. Very few double- staining cells, area 2. 
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Figure 8 (b). CD8 positive cells, area `4', and MHC class II (VPM 54) positive cells, 

area `l'. Very few double- staining cells, area 2. 
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Figure 9 (a). Cells positive for CD5 staining, area `4', and cells positive for MHC class II 

(VPM36) staining, area `1'. Few double - staining cells, area `2'. 
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Figure 9 (b). Cells positive for CD5 staining, area `4', and cells positive for MHC class 

II (VPM54) staining, area `1'. Few double- staining cells, area `2'. 



FL2 

- 1 

.::.... 

2 

tt 

- 

s 

.. 

..... ' 

n1nlrn 

.. ' . 

4 

1 P 1 1 (mg I 1 it gill 1 i lnnl i I I I nlf 

FL1 

Figure 10 (a). Cells positive for B- lymphocyte staining, area `4', and cells positive for 
MHC class II (VPM 36) staining, area `1'. A distinct population of double- staining cells 
is present in area `2'. 
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Figure 10 (b). Cells positive for B- lymphocyte staining, area `4', and cells positive for 

MHC class II (VPM 54) staining, area `1'. Again there is a distinct population of double - 
staining cells is present in area `2'. 



most `active' cell population, accounting for 7.6 -25.9% of total PBL, but still no 

different to `normal' unactivated PBLs. 

3.3.3. Polyacrylamide gel electrophoresis and Western - / immuno - 

blotting 

The dried membrane strips were evaluated in conjunction with their corresponding 

marker strips once dry. 

Under non -reducing conditions the major antigens detected in ovine PBL lysate by 

VPM 36, VPM 54 and TH14B migrated as bands with molecular weights of 28,000- 

29,000 and approx. 33,000 MW, depending on the monoclonal. The three anti -MHC 

II monoclonals also reacted with a band of approx. 69,000 MW (Fig. 11). Similar 

results were obtained from equine PBLs under non -reducing conditions, with weak 

bands identified at approx. 29,000 MW and 33,000 MW (Fig. 12). TH14B gave a 

slightly weaker response to that of VPM 36 and VPM 54. There was also a weak 

reaction with VPM 36 and VPM 54 and a band of approx. 69,000 MW (Fig. 12). 

With ovine cell lysate gels run in reducing conditions the monoclonal antibodies 

identified one weakly staining diffuse band, at approx. 31,000 -33,000 MW (Fig. 13). 

The equine samples run under reducing conditions also had a diffuse band recognised 

by VPM 54 and TH14B at approx. 33,000 MW, while both VPM 36 and VPM 54 

weakly identified a band at approx. 66,000 MW (Fig. 14). 

In all cases, ovine and equine samples, run under non -reducing and reducing 

conditions, the negative control strips, incubated with an irrelevant antibody, failed to 

show any bands similar to those described in the test strips (Figs. 11 -14). 
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and cytotoxicity observed with lymphocytes from horses in the low group may have a 

genetic basis, as an offspring of two low reactors was also of low grouping. 

In the same study single colour flow cytometry was also performed. Equine 

lymphocytes isolated from peripheral blood of four horses (two each from the low and 

high binding groups) and depleted of monocytes, were examined. The percentage of 

PBLs labelled by the antibodies varied from 85 -97% in the high binding group and 

from 51 -70% in the low binding group. PBL from two horses were then separated 

into T -cell and B -cell enriched fractions by allowing the B -cells to adhere to untreated 

plastic Petri dishes (non - specific panning), and processing for single colour flow 

cytometry as before. The authors again found differences between the high and low 

group horses. The antibodies used bound most T -cells of the horse from the high 

binding group, while only about 50% of the T -cells of the horse from the low binding 

group were labelled. The intensity of labelling of both B and T -cell enriched fractions 

was also higher for the horse from the high binding group. The authors concluded that 

their findings suggested that a large percentage of resting peripheral T -cells in the 

horse express Class II antigens, although the flow cytometry results indicated that 

they did so at a lower level than that of equine B -cells. With regard to the consistent 

variation in results between individual horses, the authors suggested that cells from 

horses in the low binding group expressed less detectable MHC Class II antigen per 

cell. Monos et al. (1989) used 6 mouse and 13 rat monoclonal antibodies specific for 

human Class II antigens to detect antigens on the surface of equine lymphocytes. 

PBLs from six unrelated thoroughbred horses were used in the two -colour flow 

cytometry study, using the anti -Class II monoclonals and goat anti -horse IgG 

antiserum. This latter antiserum identified surface immunoglobulin positive, sIg +, cells 

(B- lymphocytes), and was found to react with 10 -25% of PBL of all horses tested. 

The authors found that the Class II antibodies reacted with most slg+ cells (9 -25% of 

total PBLs), and with a varying percentage of sIg- cells (4 -40% and 41 -83% of total 

PBLs for two representative antibodies). In addition the slg+ cells were 

characteristically more intensely labelled than the sIg- cells. The authors also found a 

variable pattern of fluorescence staining of slg+ and sIg- cells, which was 

reproducible, and suggested that the expression of this determinant on equine 

93 



lymphocytes varied with the genotype of the horse tested. More recently Lunn et al. 

(1993) examined equine T- lymphocyte MHC II expression, specifically with regard to 

variation with age and subset. Both single and two -colour flow cytometry was 

performed. One presumptive anti -equine Class II monoclonal was utilised throughout 

the study. For the two -colour study it was used in conjunction with three anti -cell 

phenotype monoclonals, which recognised the equine homologues of CD4, CD5 and 

CD8 (Lunn et al., 1991). Separated populations of equine PBL, T- and B- 

lymphocytes, and granulocytes from 5 adult mixed breed horses were used for the 

single colour study, investigating MHC II expression only. The monoclonal used 

identified a large subset of all PBLs (average 84 %), which included almost all B- 

lymphocytes (average 95 %), and a large subset of T- lymphocytes (average 78 %). It 

was consistently found that the positive B -cells had a higher mean intensity of 

fluorescence than the positive T -cell population, which is in agreement with findings 

from the studies of Crepaldi et al. (1986) and Monos et al. (1989). Very few 

granulocytes were recognised by the antibody. Two -colour flow cytometric studies 

were performed in four adult mixed breed horses to identify CD4+ and CD8+ 

lymphocytes which also expressed MHC II. Two separate PBL samples from each 

horse were labelled by combinations of the anti -Class II monoclonal and the anti -CD4 

or anti -CD8 monoclonals. The percentage of lymphocytes expressing MHC II was 

found to be significantly greater in the CD8+ subpopulation (88 -99 %) than in the 

CD4+ subpopulation (75 -95 %). In their study of age related changes in MHC II 

expression the same authors examined PBLs taken from five foals from birth up to 

190 days of age, by single colour flow cytometry. The mean percentage of PBL 

labelled by the antibody in 8 -day old foals was only 24.3 %. As foals grew older a 

higher proportion of PBLs were labelled with the antibody, the reactivity pattern 

becoming more like that of adults, but even by day 190 the value was still a lot lower 

than in adults. Co- expression of antigens recognised by the anti -Class II monoclonal 

and an anti -CD5 antibody was examined by two -colour flow cytometry in three foals. 

This part of the study allowed differentiation of T- and B- lymphocytes on the basis of 

their staining with the T- lymphocyte marker CD5. The results demonstrated that in all 

the foals tested there was an increase in Class II reactivity with T- lymphocytes with 
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age. Two of the foals showed fairly constant B- Lymphocyte staining, similar to adult 

values, while in the third foal only a low percentage of B -cells were labelled at birth 

and at 33 day, but a value similar to other foals and adults was achieved by 90 days of 

age. The results of all these experiments confirmed the previous reports of MHC II 

expression by circulating equine T- lymphocytes (Crepaldi et al., 1986; Monos et al., 

1989). In addition Lunn et al. (1993) had demonstrated MHC II expression by large 

subsets of both CD4+ and CD8+ T -cells, with a significantly higher proportion of 

CDS+ cells expressing the antigen. The authors also found an age related change in 

MHC expression by equine lymphocytes, which was of greater magnitude in the T- 

lymphocyte population. They suggested that MHC II was an activation marker 

expressed on mature memory T- cells, as seen in sheep (Hopkins et al., 1989), and 

proposed that MHC II expression in the horse may differentiate naive and memory T- 

cells. In a later study Barbis et al. (1994) used a panel of anti -equine MHC Class II 

antigen monoclonal antibodies to further investigate the expression of MHC II 

antigens on subpopulations of equine lymphocytes, and to define the relationship 

between levels of Class II expression and MHC haplotype. PBL obtained from healthy 

horses were used in the study for lymphocyte microcytotoxicity assays, and single and 

two -colour flow cytometry. Monoclonal antibodies to equine T- cells, T -cell subsets 

and MHC Class II antigens were obtained from the panel characterised by the First 

International Workshop on Equine Leucocyte Antigens (Kydd et al., 1994), and 

included CD4, CD5 and CD8 markers, as well as three antibodies to equine MHC 

Class II. B -cells were identified using a commercial goat anti -horse surface 

immunoglobulin reagent. MEC haplotypes of the horses used in the study were 

determined using a combination of lymphocyte microcytotoxicity assay and one -way 

mixed lymphocyte cultures. Class II expression of PBLs from the same animals was 

then investigated, and was found to vary with differences in MHC haplotype. 

Specifically, a lower percentage of PBL from horses with the D3/D3 homozygous 

haplotype were labelled by the anti -Class II antibodies when compared with non -D3 

expressors. The cells on which MHC II antigens were detected had fewer molecules 

per cell, and the reduced expression was observed on B- cells, CD4+ and CD8+ T- 

lymphocytes. D3 heterozygotes had an intermediate level of expression. These results 
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are similar to those obtained by Crump et al. (1985) using cross reactive mouse anti- 

human MHC II monoclonals on a larger group of horses. Two -colour 

immunofluorescence was also used in Barbis' study, to determine the percentages of 

horse lymphocyte subpopulations expressing MHC II antigens and four other 

lymphocyte markers, CD4, CD5, CD8, and sIg. Two horses were used in this part of 

the study, one not carrying the D3 Class II type and a D3/D3 homozygote. In the 

non -D3 horse virtually all PBL, both T- and B -cell, expressed MHC II antigens. As 

seen in other studies mentioned (Crepaldi et al., 1986; Monos et al., 1989; Lunn et 

al., 1993) expression by B -cells was higher than for T- cells, but was very similar on 

the CD4+ and CD8+ T -cell subpopulations, which is in contrast with the findings of 

Lunn et al. (1993). In the D3/D3 homozygote only about 80% of PBLs were labelled 

with the anti -MHC II monoclonals. Furthermore the low intensity labelling of the 

MHC II positive lymphocytes in this horse revealed that it had fewer Class II 

molecules per cell than did those of the non -D3 horse. All of the B -cells from the 

D3/D3 homozygote were MHC II positive, as were virtually all the CD8+ cells. MHC 

II antigens were not detected on nearly 20% of the CD4+ subpopulation, but the data 

suggested that some of the CD4+ cells expressed MHC II antigens at a very low 

density, and that it fell below the limit of sensitivity of the immunofluorescence assay. 

Lymphocytes from 3 foals aged between 1 week and 2 months were also assessed for 

expression of MHC II with the same panel of monoclonals. Two non -D3 and one 

D3/D3 homozygote were tested. All three foals had lower levels of MHC II 

expression than their parents or other adult horses from their respective groups. The 

D3/D3 homozygote was particularly low. These findings confirm and extend the 

observations of Lunn et al. (1993) that MHC II expression is lower in foals than in 

adult horses. In addition D3/D3 homozygous foals had lower levels of expression than 

their non -D3 peers or their D3/D3 homozygous parents. Non -D3 parents with high 

MHC II expression produced offspring with relatively high expression as foals, 

whereas D3/D3 homozygous parents produced foals with proportionally lower 

expression, demonstrating that the level of expression of MHC II in horses is 

inherited. The functional significance and cause of the reduced MHC II expression in 

D3/D3 homozygotes are not known. It could be due to selective lack of expression of 
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overlap with the results from some of the monoclonals used in the study by Monos et 

al. (1989). 

Our results for two -colour flow cytometry are also somewhat different to earlier 

studies. The earliest study, by Crepaldi et al. (1986), reported MHC II expression by 

equine PBL at levels of 50 -97 %, with 40 -98% of T -cells, and virtually 100% of B- 

cells expressing the MHC II antigen. Monos et al. (1989) also found that most B -cells 

expressed MHC II, while there was a large variation in expression by T -cells, from 4- 

40% and 41 -83% of total PBL for two of the different antibodies tested. As can be 

seen from these results there was again a large variation in expression between 

individual animals. The study by Lunn et al. (1993) was the first reported to have 

utilised specifically anti -equine MHC II antibodies. Having characterised three 

monoclonals against T -cell subpopulations in an earlier study (Lunn et al., 1991) these 

were also used in their studies, and identified the equine homologues of the CD4, 

CD5 and CD8 markers. Again a large percentage of PBL were found to be MHC II 

positive, averaging 84 %, and including most B -cells (average 95 %), and a large 

subset of T -cells (average 78 %). This is in agreement with the results of the earlier 

studies mentioned (Crepaldi et al., 1986; Monos et al., 1989), but very different to 

the results from the study reported here. We found only a small percentage of CD5 

positive T -cells to also be MHC II positive, average 4.5 %. Class II positive B -cells 

accounted for an average of 14% of PBL, which is approximately half the total B -cell 

population identified by the single -colour study. 

The youngest animal examined in our study was a seven week old foal. PBL were 

examined by two -colour staining in parallel with cells from a yearling and a four year 

old animal. Results from all three were comparable and well within the range of values 

from all other samples tested during the study, which came from adult animals, male 

and female, and of several different breeds. We did not observe any marked age - 

related changes in MHC II expression as reported by Lunn et al. (1993). As we did 

not investigate the MHC II haplotype of the animals used in the study, and in 

particular of the foal, it is possible that he was simply a `high' expressing individual. 

However in the study by Lunn et al. (1993) Class 11 expression by foal lymphocytes 
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had not reached adult levels even by day 190 of age. Barbis et al. (1994) examined 

PBL from foals 1 -8 weeks of age, and also found levels of expression lower than in 

adult animals. Certain MHC II haplotypes were lower expressing than others, even in 

the foals, for whom the authors reported a lower level of expression than their parents 

or other adult horses of similar MEC II haplotype. However closer examination of the 

data from the three foals examined reveals that high expressing foals could display 

similar levels of MEC II expression to low expressing adults. This could explain how 

the results from the foal in our study fall in to the range of values seen for adult 

animals. It would not however explain the large discrepancy in levels of MHC II 

antigen expression by equine lymphocytes seen between our study and earlier studies 

mentioned here (Crepaldi et al., 1986; Monos et al., 1989; Lunn et al., 1993; Barbis 

et al., 1994). 

The results seen after subjecting cells to the activation / proliferation assay are also 

different to explain. Although the dot -plot did reveal an increase in blast type cells, for 

which we then `gated' to ensure proper analysis, there was no increase in MHC II 

expression after `activation' by any of the cell populations identified. Perhaps longer 

incubation may have been necesary, to promote the apparently proliferating cells 

further along the activation line. 

Some of the studies mentioned also reported results of SDS- Polyacrylamide gel 

electrophoresis and immunoblotting (Crepaldi et al., 1986; Lunn et al., 1993). This 

was performed to further biochemically characterise the monoclonal antibodies used 

in the studies, and for evidence that the antibodies did recognise MHC II molecules of 

the horse, particularly important where antibodies devised for use in other species 

have been used. In the study by Crepaldi et al., (1986) a mouse -anti -human MEC II 

and their own rat -anti -equine MEC II antibody were tested with equine lymphocyte 

lysate. Both monoclonals immunoprecipitated a product, which under reducing 

conditions gave a wide band of between 29,000 and 33,000 MW, similar to the 

molecular weight of MHC Class II antigens of other species. The authors were not 

sure whether this was a single polypeptide chain, or represented two or more bands 
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which were close in molecular weight, and difficult to resolve in their gel system. 

Such a situation has been described for MHC II molecules of the quail and sheep. The 

authors also suggested that a `smear' rather than sharp bands could be caused by 

several glycosylated forms of the same polypeptide, or by the precipitation of Class II 

molecules which were the products of more than one locus. Their studies which were 

in progress at the time indicated that there were probably two major bands in the 

29,000- 33,000 MW range. A faint band was also detected at about 64,000 MW, 

which they suggested could have been undissociated dimer of the polypeptides. In 

addition the anti -equine MHC II antibody consistently precipitated a more dense band 

than the anti -human Class II monoclonal. Lunn et al. (1993) also performed 

immunoprecipitation using equine PBL and their presumptive anti -equine MHC II 

antibody. Three separate immunoprecipitations using the antibody, and SDS -PAGE 

analysis identified a single band of 34,000 MW in reducing conditions, and two bands 

at 29,000 MW and 32,000 MW in non -reducing conditions. In conjunction with the 

rest of the results from their study the authors concluded that the antigen recognised 

by the monoclonal was equine MHC II. They also noted a novel finding from their 

study that in SDS -PAGE analysis in reducing conditions both the a- and ß- chains of 

equine MHC II migrated as a single band, a phenomenon that has also been reported 

in other species such as the sheep. 

The monoclonal antobodies utilised in our study have been examined in detail by two - 

dimensional immunoblotting and NH2- terminal sequencing of the purified Class II, 

resulting in identification of the subregion specificity of the antibodies (Dutia et al., 

1995). The data showed that the monoclonals defined mutually exclusive subgroups 

of bovine and ovine Class II (Dutia et al., 1990; Dutia et al., 1993). VPM 36 is 

specific for the bovine and ovine homologues of DQ, and VPM 54 and TH14B are 

DR- specific. In the sheep, immunodetected Class II a- and 3- chains are resolved only 

under non -reducing conditions. Under these conditions the antigens detected run as 

bands at 33,000 MW and 28- 29,000 MW, corresponding to the a- and ß- chains 

respectively. In addition weaker bands may be seen at 69,000 MW, which may 

represent the aß- heterodimer. Under reducing conditions diffuse bands are obtained 

at 31,000 -33,000 MW. In our study ovine antigen was run under both non -reducing 
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and reducing conditions, in parallel with the equine antigen, as positive controls. 

Under non -reducing conditions ovine antigens were detected as bands with MW 

28,000- 29,000 and 33,000 MW, depending on the monoclonal used, which is in 

agreement with published results (Hopkins et al., 1986; Dutia et al., 1990). Equine 

antigen run under the same conditions gave similar, though weaker results, which is 

also in agreement with previous reports (Lunn et al., 1993). Under reducing 

conditions a wealdy staining diffuse band was detected at 31,000 -33,0000 MW in the 

ovine experiment, which again agrees with earlier studies (Hopkins et al., 1986). With 

the equine antigen run under the same conditions there was also a broad band 

recognised at 31,000 -33,000 MW, which was again weakly staining. This also 

corresponds with previous reports (Crepaldi et al., 1986; Lunn et al., 1993). Together 

these results were taken as evidence that the antibodies that we had used in the study 

were cross -reacting, and were therefore identifying equine MHC Class II antigen. 

In conclusion, we identified a number of subpopulations of equine lymphocytes by 

flow cytometry, and assessed MHC class II expression by these different groups of 

cells. Expression of the antigen was identified on a proportion of the cell types 

identified, but at a lower level than that reported previously. SDS -PAGE and 

immure- blotting confirmed that the antigen identified by the monoclonal antibodies 

used was indeed MHC class II. 
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Chapter 4 

Leucocyte migration studies are leucocyte 

chemoattractants produced by the equine CL at 

different stages of dioestrus or after exogenous 

prostaglandin administration? 

`And still they gazed, and still the wonder grew, 

That one small head could carry all he knew' 

Oliver Goldsmith (The Deserted Village) 

4.1. Introduction 

A role for white blood cells in ovarian physiology has been suspected for many years, 

and these cells have been described within follicles and corpora lutea as being 

associated with the mechanisms of follicular atresia, ovulation and luteolysis (Adashi, 

1990; Mori, 1990; Espey, 1980; Murdoch et al., 1988). As the CL is a very vascular 

structure, leucocytes circulate through the luteal tissue throughout its lifespan. In fact 

in no other classical endocrine organ is there such a massive and cyclic traffic of 

leucocytes through the organ at different stages of the oestrous cycle (Norman and 

Brannstrom, 1994). In addition, there is a resident leucocyte population within the 

ovarian interstitial tissue itself. Different cell populations such as mast cells (Jones and 

Hsueh, 1981; Mori, 1990), macrophages (Paavola, 1979; Brannstrom and Norman, 

1993), lymphocytes ( Brannstrom and Norman, 1993), and granulocytes (Pepperell et 

al., 1992; Brannstrom et al., 1993) have been observed in the ovaries of a number of 

different species throughout the oestrous cycle (Bagavandoss et al., 1991; Standaert 

et al., 1991; Brannstrom et al., 1994b). In the previous chapter the identification of 

various immune cells in the equine CL during the oestrous cycle and early pregnancy 

was described. It has been shown that these cells, and particularly lymphocytes, 
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differentially migrate into, and out of, the CL during the oestrous cycle, early 

pregnancy and after administration of PGF2a. The nature of this migration suggests 

that, as speculated in other species, certain populations of these cells may have an 

involvement in modulation of luteal function. 

There is very little information concerning the presence and chemical nature of 

whatever signaling process is involved in leucocyte chemoattraction derived 

specifically from ovarian tissues. Reports are similarly scant on whether occupant 

leucocytes serve an obligatory physiological function, with a cause - and -effect 

relationship existing between tissue resident leucocytes and the endocrine /exocrine 

functions of the ovary. Prior to ovulation there is a dramatic influx of inflammatory 

cells into the preovulatory follicle and overlying tissues. By the time ovulation has 

commenced, a large number of leucocytes have congregated in the theca, with a five- 

fold increase in the number of macrophages and an eight -fold increase in neutrophils 

when compared with the preovulatory rat follicle (Brannstrom and Norman, 1993). In 

species such as the pig, eosinophils are particularly prominent (Standaert et al., 1991), 

while in other species mast cells have been shown to lose their granules at ovulation. 

The congregation of cells, with the release of many substances classically found in 

sites of inflammation, has led to the concept that ovulation can be compared with an 

inflammatory reaction (Espey, 1980). The presence of leucocytes in the ovary does 

not end after ovulation however. Formation of the early corpus luteum leads to 

ongoing migration of leucocytes, with macrophages, T- lymphocytes, neutrophils and 

eosinophils found extensively throughout the granulosa- lutein, theca -lutein and loose 

connective tissue areas (Lei et al., 1991; Wang et al., 1992). Many of those cells are 

activated, as shown by expression of Major Histocompatability Complex (MHC) class 

II molecules. Serial studies of bovine and human corpora lutea show increasing 

numbers of macrophages as the corpus luteum ages and luteolysis proceeds, 

implicating the leucocytes in luteolysis and repair of the tissue (Wang et al., 1992). 

Other studies have similarly described increases in populations of leucocytes in the CL 

at the time of luteolysis (Anderson, 1997). The changes in leucocyte numbers seen in 

the sheep ovarian stroma are reflected by similar alterations in the amount and 
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composition of utero -ovarian lymph over the course of the oestrous cycle (Alders and 

Shelton, 1990). In the study reported in Chapter 2 we also described increases in 

populations of immune cells in the equine CL around the time of luteolysis. 

The causes and purposes of these dramatic alterations in ovarian leucocyte 

populations have remained uncertain and largely unexplored until relatively recently, 

as discussed in Chapter 2. However, while a number of studies have investigated the 

role of leucocytes and their products in luteolysis, few studies have examined the 

nature of the substances that are involved in attracting these cells into the CL in the 

first instance. Several ill- characterised substances with chemotactic properties have 

been described in follicular fluid from bovine, ovine, human and equine sources, 

although the tissue of origin has not been described (Murdoch, 1987; Seow et al., 

1988; Murdoch and McCormick, 1989; Watson et al., 1991; Sirotkin and Luck, 

1995). In the bovine CL, lymphocytic cells infiltrate on approximately day 14 of the 

oestrous cycle (Lobel and Levy, 1968), before the onset of luteolysis. Murdoch 

(1987) reported that eosinophils are attracted to luteal tissue from PGF2a treated 

ewes to a greater extent than luteal tissue from control ewes. In addition, structural 

luteolysis occurs less rapidly postpartum than at the end of the oestrous cycle, and the 

appearance of macrophages is not observed until 15 days postpartum (O'Shea and 

Wright, 1985). This indicates that the rapid infiltration of immune cells that occurs 

during the oestrous cycle, within 8 hours (Murdoch, 1987), is actively initiated by a 

signal from the reproductive to the immune system. Studies in sheep have identified 

leucocyte attractant activity in medium conditioned by ovine luteal and follicular 

tissue (Murdoch, 1987; Murdoch and McCormick, 1989; Murdoch and McCormick, 

1991b). The study by Sirotkin and Luck (1995) similarly identified leucocyte 

chemoattractant activity in bovine preovulatory follicular fluid, and media conditioned 

by follicular and luteal tissue. The authors concluded that there was a complex of 

substances accumulated and released during the follicular -luteal cycle, which could 

account for the attraction of leucocytes to the ovary. 

To our knowledge there have been no studies performed to investigate whether the 

equine corpus luteum produces chemoattractants for leucocytes at different stages of 

the oestrous cycle or after administration of PGF2a, which could be involved in 
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bringing about the migrations of immune cells into and out of the CL such as those 
reported in Chapter 2. Indeed, there does not appear to have been such a study 

reported in any species. 

Chemotaxis is described as the process by which a cell directionally migrates 

down the concentration gradient of a specific chemical signal,, and it is 

from chemokinesis, which is non - directional, or random, migration ((13' 1r Id, 1988; 

Caterina and Devreotes, 1991). Extravascirlar traffickin' of leucocytes1r «llwes 
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accordingly, lipoxygenase catabolites of arachidonate have been implicated in the 

processes of ovulation and luteal regression (Gimenez and Henricks, 1983; Murdoch 

and McCormick, 1991b). Other chemoattractants are produced by foreign invaders, 

e.g. formylated methionyl peptides which are released from micro- organisms during 

an inflammatory reaction. An array of additional compounds have also been shown to 

attract white blood cells. This includes neutrophil chemotactic factor, eosinophil 

chemotactic factor of anaphylaxis, lymphocyte- derived chemotactic factor, platelet - 

activating factor, platelet- derived growth factor, and platelet factor -4. Other ill- 

defined chemoattractants are released during blood clotting /fibrinolytic processes and 

as degradation products from damaged tissues (Bignold, 1988; Caterina and 

Devreotes, 1991; Murdoch and McCormick, 1991b). 

One study has suggested that some of the chemotactic substances in the CL are 

collagen breakdown products (Murdoch and McCormick, 1993), while more recently 

Sirotkin and Luck (1995) concluded that intact collagen makes a minor, if any, 

contribution to the total luteal chemoattractant activity. The same authors also 

reported strong attractant activity by collagenase, which may play an important role in 

the ovulatory process. Other important chemoattractant candidates are the cytokines 

such as interleukin -1 (IL -1), tumour necrosis factor -a (TNF -a), interleukin -8 (IL -8) 

and granulocyte -macrophage colony - stimulating factor (CSF), given their ability to 

stimulate leucocyte chemotaxis elsewhere in the body, and their presence in the ovary 

(Norman and Brannstrom, 1994), where they could be produced by leucocytes 

resident in the ovary, or by ovarian tissue cells themselves. 

Following on from earlier studies which identified different populations of immune 

cells in the equine CL, which varied with stage of the oestrous cycle, early pregnancy 

and PGF2a treatment, the objective of the study reported here was to investigate 

whether the equine corpus luteum produces chemoattractants for leucocytes at 

different stages of the oestrous cycle or after administration of PGF2a. 
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4.2. Materials and methods 

4.2.1. Tissue preparation 

Corpora lutea were obtained as described in Chapter 2, at different stages of dioestrus 

(day 8 -10, day 12 -14 and day 16 -17) and 24 hours after administration of a luteolytic 

dose of PGF2a (n =3 per group). 

CL were isolated from ovaries, dissected free from adherent tissue and cut into pieces. 

For the luteal tissue incubations, tissue was cut into pieces approximately lmm3. 

These pieces were washed three times in medium consisting of DMEM / Hams F -12 

1:1 mixture (Gibco BRL, Life Technologies Ltd., Paisley, Scotland) supplemented 

with Penicillin / Streptomycin (1 unit / lgg / ml; Sigma Chemical Co. Ltd., Poole, 

UK), bovine serum albumin (Fraction V, 1mg /m1; Sigma Chemical Co. Ltd.), insulin 

(1µg /m1), transferrin (0.55µg /m1), selenium (as sodium selenite, 6.7ng/ml) (all Gibco 

BRL) and ascorbic acid (50 gg/m1; Sigma Chemical Co. Ltd.). Tissue was then 

incubated in the same medium in 24 -well plates (Falcon Plastics, Fred Baker 

Scientific, Runcorn, UK) for 20 hours at 37 °C under 5% CO2 in humidified air. Three 

pieces of tissue, representative of different areas of the CL, and totalling 75 -100 mg, 

were incubated per well. Medium was also incubated with ovarian stromal tissue 

pieces of similar proportions to investigate the possibility of it contributing to any 

ovarian chemoattractant production. Medium incubated without tissue was used as a 

negative control. All incubations were carried out in triplicate, and medium was 

collected at the end of the incubations and stored at -20 °C until the migration assays 

were performed. 

4.2.2. Leucocyte preparation 
Blood was drawn from healthy adult horses by jugular venipuncture, using lml of 

3.8% sodium citrate per 10m1 of blood as anticoagulant, in 50 ml sterile 

polypropylene tubes (Falcon Plastics). Leucocytes were then isolated by a 

modification of the method of Haslett et al. (1985), originally described for isolating 

human neutrophils using discontinuous hypotonic plasma / Percoll gradients. 
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Whole blood was allowed to sediment under gravity for 30 min at room temperature. 

The upper leucocyte -rich plasma layer was aspirated and centrifuged at 367g for 6 

min. The platelet -rich plasma supernatant was decanted and centrifuged at 2400g for 

20 min to prepare platelet poor plasma (PPP). The initial leucocyte rich pellet, 

obtained typically from 80m1 of whole blood, was resuspended in 2m1 PPP in a 15 ml 

polystyrene tube (Falcon Plastics) and underlayed with 42% and 51% Percoll / PPP 

solutions prior to centrifugation at 255g for 10 min. Cytospins prepared following 

gradient centrifugation indicated that the majority of the neutrophils accumulated in a 

tight band at the 42% / 51% Percoll interface with the mononuclear cells held at the 

upper, PPP / Percoll, interface. The very small number of eosinophils present (2.5 +/- 

0.26% of total leucocyte yield) settled in either the 51% Percoll layer or with the 

erythrocyte pellet. Polymorphonuclear (PMN) and mononuclear (MN) cell 

preparations were harvested from the 42% / 51% and the upper, PPP / Percoll 

interface respectively. Cells were washed sequentially in PPP, PBS without Caz+ 
Mgt+ 

/ 0.1% BSA and PBS prior to resuspension in PBS. 

Cell counts were performed prior to final resuspension to produce cell preparations of 

approximately l x 108 cells /ml. 

All the procedures outlined were performed at room temperature. Cell enrichment 

was assessed using cytocentrifuge preparations stained with Diff- QuikTM (Baxter, 

Thetford, UK) and cell viability assessed by trypan blue exclusion. 

4.2.3. Leucocyte migration assay 

The migration of leucocytes in response to the test substances was assessed by a 

modification of the method of Sirotkin and Luck (1995). 

A solution of HBSS (Sigma, UK.) containing 0.5% agarose (Sigma, UK.) and 0.5% 

BSA (Sigma, UK.) and supplemented with HEPES (2.4 mg /ml, Sigma, UK.) was 

pipetted onto microscope slides (approximately 4ml per slide) and allowed to solidify 

at room temperature and in the refrigerator for at least one hour. Parallel rows of 3 

circular wells, 2 mm diameter and 2 mm apart, were cut in the gel by means of needle 

tubing mounted in a Perspex frame (very kindly loaned by Dr. M .R .Luck, University 
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of Nottingham). The cut agarose plugs were removed with a hypodermic needle, and 

the slide was ready for use in the assay (Fig. 1). 

All samples tested in the study were subjected to at least six separate migration 

assays. Tissue -conditioned samples were run in over a dozen assays. 

4.2.3.1. Tissue -conditioned media 

Four microlitres of polymorphonuclear (PMN) or mononuclear (MN) cell suspension 

was pipetted into the central well, whilst negative control (medium incubated alone), 

experimental (luteal and ovarian tissue incubations) and positive control (standard 

pooled equine serum, stored at -20 °C) samples were pipetted into flanking wells (Fig. 

1). Slides were incubated in a humidified atmosphere of 95% air - 5% CO2 at 37 °C. 

PMN migration assays were incubated for 2 hours, and mononuclear cell migration 

assays were incubated for 18 hours. After incubation cells were fixed to the slide by 

immersion in 10% buffered formalin for at least 1 hour. The agarose was carefully 

removed by gently inverting the slide. Slides were air -dried, stained with Leishmann 

stain (BDH, Poole, UK) and mounted with DPX mountant (BDH) prior to 

microscopic examination. 

4.2.3.2. Other treatments 

All chemicals were obtained from Sigma Chemical Co. Ltd., unless otherwise stated. 

Test solutions of all the following chemicals were prepared in Hams F -12 medium 

(Gibco BRL) at the stated concentrations: 

Ascorbic acid 0.1, 1.0, 10.1, 100.0 and 1000.0 µg /ml 

Glucose 100 µg/ml 

Calcium chloride (CaC12) 56 and 560 pg /ml. 

EDTA 146 and 1460 mg /ml. 

Lactic acid 100 µg /ml 

Collagenase V 800 i.u. /ml ( =1.57 mg/ml) 

Collagenase XI 800 i.u. /ml ( =0.39 mg /ml) 

Collagen III 1.0 mg/ml 

Collagen VI 1.0 mg /ml 
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The Collagen III and VI solutions were prepared in Hams F -12 medium acidified by 

10M HC1, neutralised by 10M NaOH, and brought to 1.0 mg/ml. 

All solutions were prepared immediately prior to use in migration assays in exactly the 

same way as for the conditioned media, replacing `experimental' samples with the 

solutions described above. The same negative and positive controls were used as in 

Section 4.2.3.1., and incubation conditions, fixing and staining were also identical. 

4.2.4. Interpretation of results and statistics 

Slides were examined microscopically using an eyepiece micrometer to assess 

leucocyte migration. The degree of cell migration towards experimental media and the 

chemical solutions tested was measured using the eyepiece graticule. The distance 

travelled was then expressed as a percentage relative to that occurring towards the 

standard serum positive control, and the negative control. Non -directional / random 

movement towards the negative control was taken as 0% migration, and that towards 

serum as 100 %, with all tested solutions falling between these two in distance 

migrated. 

For each test solution the mean percentage of positive control distance travelled for 

all its assays was calculated. Results from the tissue -conditioned media were analysed 

using the Kruskal- Wallis test for non -parametric data. Where present differences 

between samples were then analysed using the Mann - Whitney Test. A p -value of less 

than 0.05 was taken to be significant. All statistical analysis was performed using 

Minitab software (Pennsylvania State University, PA, USA). 
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4.3. Results 

4.3.1. Leucocyte preparations 

Polymorphonuclear cell preparations were consistently more than 85% pure 

neutrophils, with the remainder of cells made up of small numbers of eosinophils, and 

contaminating monocytes and lymphocytes. 

The mononuclear cell preparations were not as uniformly pure. Contaminating 

neutrophils were the biggest problem, accounting for 3 to 30% of the cell preparation, 

the rest of the cell preparation consisting of monocytes and lymphocytes. Samples 

with high levels of neutrophil contamination were excluded from the study, unless the 

cell types were clearly distinguishable on microscopic examination of the assay slide. 

4.3.2. Migration assays 

4.3.2.1. Tissue conditioned media 

Neither polymorphonuclear (PMN) or mononuclear (MN) cell preparations were 

attracted to any of the media samples which had been conditioned with day 8 -10 

luteal tissue (Fig. 2 & 3). 

Day 12 -14 luteal tissue incubation medium had slight chemoattractant activity for 

both PMN and MN cells which was significantly greater (p <0.05) than that of the day 

8 -10 tissue (Fig. 2 & 3). PMNs travelled a mean of 17.9% of the distance migrated to 

the control serum, and MN cells 27.4% of the control serum distance. One tissue 

sample consistently attracted both PMN and MN cells significantly (p <0.05) more 

effectively than the others from the same time grouping. Its mean attractivity was 

26.5% and 42.3% of serum, for PMN and MN cell preparations respectively, 

compared to 12 -14% and 19 -20% for the other samples in the same time grouping. 

The more `attractive' tissue sample had in fact been collected on day 12 of the cycle, 

earlier than the others (day 13 and 14). However all the mares in the group had 

plasma progesterone levels consistent with them having a functional CL at the time of 

surgery. 
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Figure 2. (a). Mean PMN migration per group of animals, +/- s.e.m., as a percentage of 

the distance travelled to the control sample. 
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Figure 2. (b). Individual animal mean PMN migration, as a percentage of the distance 

travelled to the control sample. 



Figure 3. (a). Mean MN migration per group of animals, +/- s.e.m., as a percentage of 

the distance travelled to the control sample. 
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Figure 3. (b). Individual animal mean MN migration, as a percentage of the distance 

travelled to the control sample. 



PMN and MN cells were also attracted to medium from day 16 -17 luteal tissue (Fig. 2 

& 3). These tissue samples were confirmed as being post -luteolytic by plasma 

progesterone assay (See Appendix, Section 1.2.) of samples taken just prior to 

surgery. There was however a difference in the chemoattraction with regard to the 

different cell populations. PMNs migrated a mean of 23.8% of the control distance, 

while MN cells tended to be attracted more strongly, travelling a mean of 48.5% of 

that travelled towards serum. For both cell populations, attractant activity of day 16- 

17 tissue was significantly greater than that of all day 8 -10 tissue tested (p<0.05), and 

all the day 12 -14 samples (p <0.10), with the exception of the `attractive' day 12 

sample mentioned, which had the same attractant activity as the day 16 -17 samples. 

Tissue samples taken 24 hours after PGF2a, administration possessed the greatest 

chemoattractant power, as judged by the tissue- conditioned media used in the assay 

(Fig. 2 & 3). PMN cells were drawn towards the test samples a mean of 35.6% of the 

control serum distance, and MN cells a mean of 57.8% of the control distance. For 

PMN cells attractant activity of PG- treated tissue was significantly greater (p <0.005) 

than all day 8 -10 samples, all but the `attractive' day 12 -14 samples, and varied with 

the day 16 -17 samples, equalling some and greater than others. The situation was 

much the same for MN cells. PG- treated tissue was significantly (p <0.01) more 

attractive for MN cells than all day 8 -10 samples (p <0.001), all day 12 -14 samples 

(p <0.03), and again varied with the day 16 -17 samples. In addition, one PG- treated 

tissue sample had significantly greater attractant activity for both PMN and MN cells 

than the others in the same group (p <0.05). 

There was no indication that ovarian stromal tissue, from any of the time -points 

examined, produced a chemoattractant for any of the immune cells tested, with cells 

exhibiting only random migration. 

4.3.2.2. Other treatments 
Under the assay conditions used in this study PMN cells were not attracted to any of 

the chemical preparations tested. 
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phase, and culminating with their degranulation in response to the preovulatory LH 

surge (Krishna and Terranova, 1985). This results in follicular hyperaemia, and 

chemotactic signalling (Halterman and Murdoch, 1986; Seow et al., 1988; Murdoch 

and McCormick, 1989), which precede an orderly sequence of events reminiscent of 
an acute inflammatory reaction (Espey, 1980), and also appears to play a critical role 

in subsequent luteal function (Cavender and Murdoch, 1988). The follicular 

hyperaemia observed appears to be initiated by histamine and propagated by PGE2, 

both of which relax vascular smooth muscle, causing vasodilation and enhanced 

capillary/venule permeability. Next to arrive are eosinophils and T- lymphocytes which 

migrate into the newly formed corpus luteum. Ovine corpora lutea have been shown 

to secrete a specific chemoattractant for eosinophils (Murdoch and McCormick, 

1989; Murdoch, 1987), the precise nature of which has not been identified. In 

addition, increased numbers of eosinophils have been observed in CL of sheep treated 

with a luteolytic dose of PGF2a (Murdoch, 1987). Conceivably then, the 

chemoattractant could be PGF2a inducible (Murdoch and McCormick, 1989). 

However, infiltration and subsequent degranulation of these cells has been reported to 

occur before evidence of either functional or structural regression (Murdoch, 1987). 

Therefore it has been suggested that cytotoxins released by eosinophils could damage 

luteal cells, causing physical changes in membranes, and/or activating messenger RNA 

degradation, thereby resulting in luteal death (Murdoch et al., 1988). Moreover, 

unmasking and/or exposure of cellular antigens by removal of sialic acid residues, or a 

change in the physical state of the cellular membrane could lead to an antibody - 

mediated reaction involving complement, cellular destruction, and phagocytosis 

(Murdoch et al., 1988). 

Activated T -cells are known to produce lymphokines that attract and activate 

monocytes / macrophages. Accordingly, T- lymphocytes are soon followed by 

phagocytic monocytes, which are ultrastructurally, histochemically and functionally 

indistinguishable from those observed in other body sites (Kirsch et al., 1981). 

Macrophages have been observed, both in vitro and in vivo, to make discrete cell -to- 

cell contacts with luteal cells, which raises the possibility that cell -to -cell signalling is 

occurring (Adams and Hertig, 1969). Other, phagocytically- active macrophages are 
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prominent in older, regressing CL, and appear to be involved in clearing up damaged 

luteal cells during structural luteal regression. Monocyte chemoattractant protein -1 

(MCP -1) has recently been identified in bovine CL, with increased amounts present 

after functional luteolysis (Anderson, 1997). This increase in MCP -1 occurred prior to 

an increase in macrophage numbers in the luteal tissue, indicating that MCP -1 may be 

involved in chemotaxis of monocytes into the CL during structural luteolysis. The 

invasion of macrophages and T- lymphocytes into the CL is delayed in pregnancy, and 

therefore is not strictly a function of age of the CL. A rabbit CL from day 19 of 

pregnancy was observed to contain only a few macrophages and T- lymphocytes, 

whereas the numbers of these cells were 6- to 8 -fold higher in CL of day 19 of 

pseudopregnancy. By the day of parturition, however, macrophages do begin to 

infiltrate the CL of pregnancy (Bagavandoss et al., 1988; Bagavandoss et al., 1990). 

Our study reported in Chapter 2 also noted a delay in immune cell infiltration into the 

CL of pregnancy compared with a normal cyclic CL, with luteal populations of such 

cells still low by day 42 of pregnancy. 

These preceding observations give us an indication of the potential for resident 

ovarian leucocytes to be in situ modulators of ovarian function, in all likelihood acting 

through the local secretion of regulatory cytokines (Adashi, 1989). The flow of 

information is probably multidirectional, with immune cells targeted for steroidal input 

too, in keeping with the existence of multiple autocrine and paracrine loops. Immune 

cells are also endowed with steroidogenic capabilities, which could, in their own right, 

affect steroid provision (Reynolds et al., 1982; Milewich et al., 1982). 

Although immune cells have been observed within the ovaries of several species, 

fluctuating in numbers during the oestrous cycle, little attention has been given to the 

processes or substances involved in attracting the different cell types into the various 

ovarian structures at the appropriate stage of the cycle, and very little is known 

concerning the makeup of any leucocyte chemoattractants of ovarian origin. Several 

ill- characterised substances with chemotactic properties have been described in 

follicular fluid from bovine, ovine, human and equine sources, although the tissue of 
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origin has not been described (Murdoch, 1987; Seow et al., 1988; Murdoch and 

McCormick, 1989; Watson et al., 1991; Sirotkin and Luck, 1995). 

Quantitative information regarding the types of leucocytes that infiltrate the follicular 

wall at various preovulatory times has been reported in the sheep (Cavender and 

Murdoch, 1988). Neutrophils and eosinophils were observed to accumulate within the 

extravascular compartment of the theca interna several hours before ovulation. 

Evidence of vascular injury and formation of microthrombi were observed at 

ovulation, while extravastated monocytes / macrophages were apparent following 

ovulation. There were no significant changes in the number of extravascular 

lymphocytes throughout the periovulatory period, although they were often seen 

marginated along endothelium in ovulatory and postovulatory follicles / corpora 

haemorrhagica (CH). Basophilic cells were found in close proximity to angiogenic 

sprouts within the newly forming CL. These data imply that preovulatory follicles 

produce a chemoattractant for granulocytes, while postovulation, the CH secretes an 

agent chemotactic for monocytes. In inflamed areas in other parts of the body 

granulocytes characteristically arrive before phagocytic monocytes (Roitt et al., 

1996). 

In a subsequent study Murdoch and McCormick (1989), using a linear under -agarose 

chemotactic assay, demonstrated that ovine follicles secreted a low molecular weight 

chemoattractant for granulocytes and monocytes. A preliminary attempt at 

purification of this substance indicated that it was a peptide, rich in glycine. Every 

third amino acid residue of the main body of collagen is glycine, and thecal collagen is 

degraded during the process of follicular rupture. In addition, synthetic collagen -like 

polypeptides have been shown to possess chemotactic properties (Murdoch and 

McCormick, 1993). For these reasons the authors proposed that the chemoattractant 

isolated from tissue- conditioned media was a fragment of collagen, liberated during 

disruption of the connective tissue matrix of the follicular wall. The initial amino acid 

analysis did not include determination for either proline or hydroxyproline, which in 

addition to glycine, are rather unique to the structure of collagen. Reanalysis of the 

sample confirmed the presence of these amino acids (Murdoch and McCormick 

1991b). The possibility that products of follicular collagenolysis participate in 
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leucocyte chemoattraction was investigated further, and corroborated by, a later 

experiment by the same group that established thecal infiltration of leucocytes 

following either intra- follicular administration of collagenase, or synthetic collagen - 

like peptide (Murdoch and McCormick, 1993). The authors did state however, that 

the question of whether follicular chemoattractant was definitively derived from thecal 

collagen was still somewhat conjectural. For example, one of the constituents of the 

complement cascade, Clq, which acts to bind the first component of complement to 

immune complexes, contains collagenous -like triplets of amino acids (Murdoch and 

McCormick, 1993). A study by Malone et al. (1991) reported that intact type I 

collagen was chemotactic for neutrophils, but not for mononuclear cells. Furthermore, 

peptides derived from collagen type I by collagenase digestion did demonstrate 

chemotactic activity for mononuclear cells, but lost any attractant activity for 

neutrophils. 

Human follicular fluid has been found to contain a factor chemotactic for human 

neutrophils (Scow et al., 1988), using an under agarose migration assay. This 

chemotactic activity was found to be heat labile and trypsin sensitive, indicating that 

the factor involved was a protein, while chromatography experiments indicated that it 

had an approximate molecular weight of 100kDa. The identity of the protein was 

uncertain, as it did not correspond to any of the well -characterised chemotactic 

substances. The authors concluded that it was a unique protein, whose biological and 

clinical significance remained to be determined. 

Chemotactic factors have also been detected in preovulatory fluid from mares 

(Watson et al., 1991), again using an under -agarose migration assay. Follicular fluid 

was chemotactic for neutrophils, at a level not significantly different from that of 

serum. There was no significant difference in chemotactic activity of follicular fluid 

collected at various time intervals after administration of hCG. Heat treatment and 

trypsinisation both significantly reduced chemotactic activity of follicular fluid, while 

charcoal treatment virtually removed it. The authors suggested that several substances 

appeared to be involved in attracting neutrophils toward mare follicular fluid. The 

effect of trypsinisation indicated that proteins, or protein fragments may be involved. 

Any steroids or arachidonate metabolites present in the follicular fluid would have 
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been removed by charcoal treatment, and may also be involved. Leukotriene B4 and 

prostaglandins have been detected in ovine and human follicular fluid, and both are 

present in high concentrations in equine follicular fluid (Watson and Sertich, 1991). In 

addition, based on results after dialysis of follicular fluid, there appeared to be both 

low and high molecular weight chemotaxins present. The authors concluded that it 

seemed likely that proteins and arachidonate metabolites are chemotactic factors 

present in equine follicular fluid, and that further studies were necessary to determine 

their importance in the process of ovulation. 

Even fewer studies have investigated the chemoattractant properties of luteal tissue 

from differing stages of the oestrous cycle. The study by Sirotkin and Luck (1995) 

aimed to determine the cellular origin of leucocyte attractant activity in the 

periovulatory bovine ovary, including the early CL. In addition, following on from the 

work of Murdoch and McCormick (1989, 1991b & 1993), they tested the hypothesis 

that this was attributable to collagen or collagen fragments. They also evaluated the 

attractant activity of other ovary- related molecules. Under -agarose migration assays, 

employing leucocytes isolated from three ewes, were used throughout the study. 

Follicular fluid and incubation media from bovine follicles and early corpora lutea (1 -2 

days post -ovulation) were tested for chemotactic activity. Neutrophils and eosinophils 

showed a net migration towards bovine follicular fluid, and medium conditioned by 

follicles or CL. No migratory response of basophils, lymphocytes or monocytes was 

noted. Follicular fluid had a dose -dependent attractive effect on neutrophils and 

eosinophils, and was used as their positive control. Attractant properties of these 

samples disappeared when they were pre- treated with acid, while collagenase 

treatment did not change their electophoretic profile, or their leucocyte attractant 

activity. As `ovary- related' molecules, collagen types I and IV were tested for 

chemoattraction. Both possessed a low but significant attractant activity, and 

collagenase treatment of the native molecules did not influence their attractant 

properties. Collagenase itself was found to have significant attractant effect in the 

presence of Caz+ ions. Treatment with metaphosphoric acid removed the attractant 

activity of both collagens and collagenase. Since both follicular fluid and the 

collagenase solutions contained high concentrations of cations the leucocyte attractant 
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activity of CaC12 was studied. It possessed potent activity, which could be prevented 

by chelation with EDTA. The attractant activity of follicular fluid was unaffected by 

CaC12 supplementation nor EDTA chelation. Ascorbic acid was found to have a do se- 

dependent attractant activity, with maximal effect at 100 µg /ml, which was not 

affected by addition of CaC12 or EDTA. Similar concentrations of lactic acid and 

glucose had no influence on leucocyte movement. The authors concluded that their 

results confirmed the previous reports of Murdoch (1997) and Murdoch and 

McCormick (1991a,ó & 1993) that follicular fluid, and media conditioned by follicular 

and luteal tissues contain a leucocyte attractant. Their results also suggested that 

several different biochemical components may be involved in the periovulatory 

attraction of leucocytes. The removal of activity from follicular fluid and conditioned 

media by acid precipitation suggests that proteins are responsible for a significant 

fraction of the attractant affect, which is in agreement with the results of Watson and 

Sertich (1991) in the horse. Low molecular- weight collagen -like peptides have been 

proposed as the active component of conditioned medium / follicular fluid (Murdoch 

and McCormick, 1993). Collagens have been detected in follicular fluid (Christiane et 

al., 1988), are synthesised by developing follicles and CL, and are turned over during 

the remodelling of periovulatory tissues (Luck and Zhao, 1993; Luck, 1994; Luck et 

al., 1995). Collagen Type I is the principle type of collagen in the bovine CL , and 

type IV is a component of the follicular basement membrane (Luck and Zhao, 1993), 

and both were able to attract leucocytes, although the effects were relatively small, 

even at high concentrations of collagen. Collagenase treatment did not increase 

attractant activity beyond the background, suggesting that it did not release small 

active fragments of the type described previously. Collagenase treatment also had no 

visible effect on the electrophoretic profile of follicular fluid. As intact collagen is of 

poor solubility, it could only account for a small proportion of the protein in follicular 

fluid or conditioned media anyway, and the authors concluded that it makes a minor, 

if any, contribution to the total attractant activity. They also stated that the identity of 

the small molecular weight fragments reported previously remained uncertain. Since 

metalloproteinases are an important component of the proteolytic cascade activated 

during the ovulatory process (Luck, 1994), the authors felt that the expression of 
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strong attractant activity by collagenase itself was of interest. The cellular origin of 

the collagenase in the follicle is uncertain, but it is produced by ovarian luteal cells. 

The proteolytic activity of metalloproteinases is cation -dependent, but the leucocyte 

attracting property of collagenase in the study was calcium- independent, as 

demonstrated by its undiminished activity in the presence of EDTA. As calcium ions 

are known to be involved in the mechanism of leucocyte movement, and to facilitate 

their chemoattraction to other molecules (Caterina and Devreotes, 1991), the authors 

also tested it for chemotactic properties itself. In their experiments Cat+ ions were 

found to be attractive in themselves, and since neither the cells nor the gel used in the 

experiments was likely to have been calcium free, this movement suggested that the 

leucocytes were sensitive to a concentration gradient. The physiological significance 

of this effect in relation to the ovary is uncertain, but Cat+ released from damaged 

cells during the inflammation -like ovulatory process may be effective in attracting 

leucocytes to the luteinising follicle (Espey, 1980). The leucocyte attractant properties 

of ascorbic acid were tested because of its abundance in, and active accumulation by 

the ovary (Luck and Zhao, 1993). Ascorbate plays an important role in steroid and 

protein hormone biosynthesis, and synergises with neurotransmitters in stimulating 

hormone secretion, and also promotes the luteinisation of granulosa cells (Luck et al., 

1995). Notwithstanding these effects, the concentration of ascorbic acid in the CL 

appears to be greatly in excess of that required to facilitate hormone production. An 

additional explanation for its abundance in the ovary concerns the role of ascorbate as 

an essential co- factor in collagen biosynthesis, and the high rates of tissue remodelling 

and collagen synthesis that attend the follicular -luteal cycle. Luck et al. (1995) have 

also identified a strong correlation between follicle volume and serum ascorbate 

concentration in women, suggesting that follicle growth, particularly during the late 

stages of exogenous stimulation, may be limited by the availability of ascorbate in the 

circulation. The mechanism of uptake by the ovary has yet to be determined, but 

leucocytes can accumulate high concentrations of ascorbic acid, are closely associated 

with the ovarian tissue cycle, and may provide a locally concentrated source. 

Although leucocyte chemotaxis is known to be facilitated by ascorbate, the 

observations of Sirotkin and Luck (1995) show that ascorbic acid is itself a potent 
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attractant for ovine leucocytes. Neither glucose nor lactic acid, which have similar 

physico - chemical characteristics to ascorbic acid, were attractive to the cells. In 
addition, the dose -response range for attraction to ascorbate was very similar to that 
previously observed in the stimulation of bovine granulosa cells (Luck et al., 1995), 

and covers the concentrations found in bovine and human follicular fluid (Wise, 

1987). Overall these experiments demonstrated that the principal ovarian attractant 

was probably proteinaceous, but was unlikely to be intact collagen, despite its ability 

to attract leucocytes. Additional candidates include collagenase released during the 

ovulatory process, or other non -proteinaceous materials including ascorbic acid and 

Cat+ ions. The authors concluded that a complex of substances accumulated and 

released during the follicular -luteal cycle may account for the attraction of leucocytes 

to the ovary. 

Most of the studies mentioned so far have used the under -agarose chemotaxis assay, 

which was first described by Nelson et al. (1975) over twenty years ago, as a new and 

simple method for studying human leucocyte chemotaxis. The authors described it as 

having application to both polymorphonuclear leucocytes and monocytes, permitting 

measurement of both chemotaxis and spontaneous migration, requiring few cells per 

test, and it was rapid, simple, reproducible and inexpensive to set up. In the following 

decade the agarose method, in its original or modified form (Chenoweth et al., 1979; 

Lauffenburger et al., 1983; Seow et al., 1988; Murdoch and McCormick, 1989; 

Sirotkin and Luck, 1995), was used by numerous investigators for measurement of 

random and / or direct migration of leucocytes or other cell types. Chemotaxis plays 

an important role in the defence mechanism against invading micro -organisms, with 

leucocyte locomotion permitting them to leave the blood and accumulate at the site of 

tissue injury or infection in large numbers. This means that the under -agarose assay is 

an important in vitro function test to measure the migration capacity of all kinds of 

cell types. It has been used for several purposes in humans and animal species, 

including evaluation of neutrophil function around parturition, to test the in vitro 

effect of antibiotics on chemotaxis, to forecast the severity of an experimental mastitis 

infection (van Werven et al., 1996), and to investigate aspects of ovarian function 
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(Sirotkin and Luck, 1995). However, regardless of the function of the test, the 

usefulness of the results is highly dependent on the accuracy and repeatability of the 

test. Standardisation of test factors, such as incubation temperature and duration, and 

concentration of cells in the wells, helps to minimise the variation of the test and 

increase the reliability of the results. Nevertheless despite the highest degree of 

standardisation, most in vitro cell function tests unfortunately show considerable day - 

to-day variation. Variation of the phagocytosis assay for example, based on three 

repeated blood collections from a donor cow every 2 weeks, accounted for 34% of 

the total variation (Paape and Miller, 1988), which contrasted to previous studies with 

neutrophils isolated from milk, where the variation between two PMN isolations at a 

3 -week interval accounted for only 4% of the total variation (Paape and Pearson, 

1979). Little is known about the variability of the under -agarose migration assay 

carried out with peripheral leucocytes, although most investigators find large day -to- 

day variation for unknown reasons. To cope with this, reference or control animals 

are frequently used to block out the day -to -day variation. Nevertheless, as long as the 

extent of random fluctuation of in vitro leucocyte function tests is unknown, it is 

difficult to interpret tests results correctly. 

Glasser and Fiederlein (1979) investigated some of the variables they felt were 

important in neutrophil migration under agarose assays. The study utilised human 

leucocytes, and the authors also examined cells from a number of individuals to try to 

determine the normal range of values for human neutrophil migration, both random 

and directional to chemotactic agents. Four different anticoagulants were tested for 

their ability to affect leucocyte migration, with no significant effects detected. 

Osmotic or ammonium chloride lysis to remove contaminating erythrocytes had no 

significant effects on neutrophil migration, while saponin to be an effective lysing 

agent had to be used at 0.5 %, which caused a decrease in subsequent migration 

scores. Cells also had higher migration scores after passage of the granulocytes 

through a Ficoll -Hypaque gradient. The authors suggested that this might be the result 

of fewer contaminating elements, or the gradient may produce a scrubbing action, 

freeing more receptor sites by removing adherent blocking plasma proteins. Platelet 

contamination had no detrimental effect on migration, and erythrocytes only caused 
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were standardised throughout the study, with pooled bovine serum used as the 
standard chemoattractant. Differences within the day were, on average, not 
statistically significant, and also were not the same over the three different days, but 

randomly divided. Between day variation was significant, and over the 8 days of 
sampling also varied per cow within a range from 14% to 33 %. The authors stated 

that the variations detected may reflect real differences within days or between days, 

or they may have been related to the method, or a combination of both. Handling of 
the blood and/or neutrophils, and the length of time that cells are left in contact with 

red blood cell lysing agents has been suggested as an explanation for the greater 

variability seen with neutrophils isolated from blood compared with those from milk 

(Paape and Miller, 1988). 

The study by Haslett et al. (1985) investigated the effects of preparative methods on 

neutrophil function. Four different methods of isolating neutrophils from peripheral 

blood were compared for their effects on subsequent cell function. Neutrophils 

prepared by the Ficoll -Hypaque method showed spontaneous change of shape, which 

may indicate `activation' of the cells, and increased production of 02 and lysosomal 

enzymes upon subsequent stimulation, by comparison with methods utilising 

discontinuous plasma -Percoll gradients. They also reported 18 -40% reduced 

chemotactic responsiveness in Ficoll -Hypaque prepared cells, which is in contrast to 

the findings of Glasser and Fiederlein (1979). The prepared cells in the study by 

Haslett et al. (1985) were viable, as assessed by exclusion of trypan blue, and the 

authors believed that their results indicated that the prepared cells were in a `primed' 

or activated state, rather than being functionally impaired. However reagents used in 

standard neutrophil isolation methods may contain lipopolysaccharide contamination, 

which could be the major cause of the differences observed between isolation 

methods, as even minute concentrations have been shown to affect neutrophil and 

monocyte function. In addition in the plasma -Percoll method the neutrophils remained 

in contact with autologous plasma throughout the isolation process, and it is possible 

that this also protected the cells in some fashion. 

The high turnover rate of peripheral white blood cells may also play an important role 

in the variations seen. The random disappearance of neutrophils from the circulation 
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into tissues and body cavities makes the intravascular lifespan of neutrophils only 

about 7 -14 hours, and once they have left the vasculature they do not re -enter and re- 

circulate. This short lifespan means that almost every time blood cells are taken 

another population of neutrophils is present. Whatever the source of variation, a way 

to cope with it has to be found. Van Werven et al. (1996) suggested that within day 

variation can be minimised by always taking samples at the same time of the day. 

Although their study did not show a consistent relationship with milking and feeding, 

concentrations of metabolites and hormones, e.g. cortisol and ß- hydroxybutyrate, may 

vary over the day, and have an impact on WBC chemotactic activity. A study by Roth 

et al. (1983) found alterations in bovine polymorphonuclear cell function which were 

associated with physiological changes in steroid hormone values during the normal 

oestrous cycle of the cow. However, even if samples are taken at a fixed time of the 

day, there is still significant between day variation. A control or reference group could 

be used to regulate this variation, but for most experiments it is hard to find a 

representative group or base period. Some researchers have used WBC from bullocks 

or ovariectomised cows as internal laboratory standards, but it could be questioned 

whether these are appropriate controls for lactating animals. Van Werven et al. 

(1996) strongly suggested that if a sequence of chemotactic values was available that 

adjusted least square means of chemotactic differentials should be worked with, as 

these show less random variation, and are a more stable parameter for chemotactic 

activity. 

Species differences in immune cell activity, particularly of neutrophils, is a recognised 

phenomenon. The synthetic tripeptide formyl- L- methionyl -L- leucyl- L- phenylalanine 

(FMLP) is a known potent chemoattractant for human, rabbit and guinea pig 

neutrophils (Camp and Leid, 1982; Scudamore et al., 1993). However, pig 

neutrophils have no receptors for the peptide and do not show a chemotactic response 

(Chenoweth et al., 1980). Equine neutrophils, despite having high- affinity receptors 

for FMLP (Snyderman and Pike, 1980), show chemotactic responses only at high, 

non -physiological concentrations (Camp and Leid, 1982; Zinkl and Brown, 1982; 

Brazil et al., 1998). Snyderman and Pike (1980) identified the high - affinity receptors 

126 



for FMLP on the surface of equine neutrophils. They were also the first to report the 
lack of chemoattractant effect of the polypeptide on equine cells, despite its dose - 
dependent induction of lysosomal enzyme secretion, indicating that receptor -coupling 
had occurred. The study by Brazil et al. (1998) confirmed the presence of FMLP 
binding sites in equine neutrophils. They also reported that superoxide anion release 
from cells in response to FMLP, as seen in other species, did not occur in the equine 
unless the cells were pretreated with lipopolysaccharide, i.e. consistent with this being 

a primed response. A similar effect was also observed with platelet - activating factor 

(PAF) and TNF -a, both well recognised priming agents in other species. However, 

even after priming equine neutrophils failed to respond chemotactically to FMLP 

(Brazil et al., 1998). An earlier study by Sedgwick et al. (1987) also concluded that 

FMLP possessed only limited ability to stimulate movement of equine PMN. However 

they found that mononuclear cells did respond to FMLP, although this, again, was at 

non -physiological levels. The results do nevertheless indicate a difference between 

equine PMN and MN cells, especially when taken along with their finding of greater 

chemotactic responses to activated serum by PMN than MN cells. 

Some studies have also been performed to investigate the effects of potential 

inflammatory mediators on leucocyte function and movement. The eicosanoids, 

derived from arachidonate acid, are known to possess several biological properties 

which are important in inflammation (Lees et al., 1986; Watson et al., 1987; Watson, 

1988). Prostaglandins (PG) such as PGE2 and PGI2 can interact synergistically with 

other inflammatory mediators to increase vascular permeability and cause 

hyperalgesia, which suggests that they are important modulators of inflammation. 

Another metabolite of arachidonic acid, leukotriene B4 (LTB4), has also been 

proposed as another important player in acute inflammation, as it also increases 

vascular permeability, and is a very potent chemoattractant in some species. It may 

mediate leucocyte migration into inflammatory exudate. 

Lees et al., (1986) described the effects of two eicosanoids, PGE2 and LTB4, both 

potential inflammatory mediators, on equine leucocyte locomotion in vitro, and 

reported differences in responses between PMN and MN cells. PGE2 statistically 

increased PMN movement, while MN cell movement was only slightly increased, by a 
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high dose of PGE2. Rising concentrations of LTB4 had increasing effects on PMN 

migration. A similar graded response was obtained with MN cells, although less 

pronounced. The authors concluded that it was possible that both PGE2 and LTB4 

may function as mediators of PMN migration in acute inflammatory processes in the 

horse. They went on to say that it was unlikely that LTB4 would be involved in MN 

cell movement into equine inflammatory exudate, as this does not begin until about 24 

hours in models of acute inflammation, by which time LTB4 levels are undetectable. 

Watson et al. (1987) investigated the influence of LTB4, PGF2a and PGE2 on under - 

agarose migration of equine neutrophils, using concentrations which might be present 

in acute inflammatory exudate. LTB4 was found to be a potent chemoattractant for 

equine neutrophils, although maximal activity was obtained at a higher concentration 

than that reported for other species. Chemokinesis of equine neutrophils was reduced 

by LTB4, which is in contrast to other species where it is consistently enhanced. In 

other species high concentrations of PGF2a and PGE2 were not chemotactic, while 

Watson et al. (1987) reported chemotactic activity of PGE2 for equine neutrophils, at 

lower concentrations than those used by other workers. PGF2a did not increase 

chemotaxis at any concentration tested. The authors concluded that LTB4, PGE2 and 

PGF2a exerted significant effects on chemotaxis and / or, chemokinesis of equine 

neutrophils, and it was likely that these substances played a significant role in 

recruitment of neutrophils to sites of inflammation. The effects of PGF2a, PGE2 and 

LTB4 on phagocytosis and bactericidal activity of equine neutrophils has also been 

examined (Watson, 1988). LTB4 was again found to enhance both of these neutrophil 

functions, PGE2 had no significant effects, and PGF2a increased only bactericidal 

activity. The results indicated that, for PGE2 and PGF2a, at the concentrations found 

in inflammatory reactions in the equine, their effects would be greater on neutrophil 

migration than the other functions assessed, while LTB4, as well as being a potent 

chemoattractant, could be involved in modulating neutrophil function. These studies 

reiterate the previously mentioned discrepancies in functions and responses of equine 

PMN and MN cells. 
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In the study reported here we investigated whether the equine CL produces 

chemoattractants for leucocytes at different stages of the oestrous cycle and after 

administration of PGF2a. We also evaluated the potential attractant activity of a 

number of ovary- related molecules. The same under- agarose migration assay method 

as that described by Sirotkin and Luck (1995) was utilised throughout the study. A 

number of different animals of varying breeds, ages and sex were used as leucocyte 

donors for the study, and cells were isolated using discontinuous hypotonie plasma - 

Percoll gradients. This method was used as it has been found to produce populations 

of cells which are minimally `primed' or activated, and therefore better able to 

respond in chemotaxis assays (Has lett et al., 1985; Brazil et al., 1998). However, by 

not utilising standard donors for the study we inevitably incorporated a large source 

of variation in cell migration characteristics right from the beginning. Along with 

individual animal variation (Zinld and Brown, 1982; Has lett et al., 1985), differences 

in animal age and gender may add to the known variations in cellular attributes 

incurred by different times and days of sampling. Pooled equine serum was used as 

the standard positive control for all the migration assays. It was still felt that direct 

comparisons between assays was not a viable proposition, as there were so many 

variables involved. For this reason all test solutions were compared to the pooled 

standard serum run in the same assay. The distance migrated by cells `towards' the 

negative control, medium incubated alone, i.e. random migration, was given a value of 

0 %. As none of the solutions tested had such strong chemotactic properties, migration 

towards the pooled equine serum used as the positive control was given a value of 

100 %. For each assay the distance cells migrated towards the test media or other 

treatments was compared with these two `standards' and given a value corresponding 

to the percentage control distance travelled. To try to decrease variability in results all 

tissue -conditioned media were run together in large assays, to standardise assay 

conditions. Each sample was tested at least three times in each assay run, and in a 

minimum of six assay runs. 

Media incubated with day 8 -10 CL tissue had no chemoattractant properties, for 

either mononuclear (MN) or polymorphonuclear (PMN) cell preparations. By day 12- 

14 tissue incubation media attracted both PMN and MN cells, a mean distance of 
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17.9% and 27.4% respectively of that travelled towards the positive controls. As 

mentioned, one tissue sample consistently attracted both cell populations significantly 

more effectively than the others (26.5% vs 12.9 -14.4 %), with all mares having plasma 

progesterone levels consistent with a functional CL. These results indicate that the 

equine CL produces chemoattractant(s) for white blood cells prior to functional 

luteolysis taking place. It may be that the more `attractive' tissue sample was simply 

at a more advanced stage of the cycle than the others in the same time grouping, 

which is possible within the normal range of duration of the oestrous cycle in the 

mare. If this particular mare was undergoing a relatively short cycle it would explain 

why the luteal tissue was producing chemoattractant activity of a similar level to the 

day 16 -17 luteal samples. The production of leucocyte chemoattractants prior to 

functional luteolysis is in agreement with the results in Chapter 2, where we observed 

a significant increase in CD8+ cytotoxic T -cells in day 12 -14 luteal tissue, with 

numbers of macrophages present also increased. It would also agree with some of the 

findings of Murdoch (1987), where eosinophil infiltration and degranulation was 

observed in sheep CL before evidence of either functional or structural regression. 

Our findings do not, however, determine the nature or source of the luteal 

chemoattractant. It may be a product of the luteal tissue, but it is also possible that T- 

lymphocytes and/or macrophages were already present, and producing cytokines, a 

number of which are known to be powerful chemoattractants. 

Day 16 -17 CL- conditioned media also attracted both PMN and MN cells. The 

different cell populations were attracted to differing degrees, with PMNs travelling a 

mean of 23.8% of the control distance, while MN cells tended to be attracted more 

strongly, averaging 48.5% of the control distance. My immune cell studies in Chapter 

2 reported a significant increase in CD4+ T -cells in day 16 -17 luteal tissue, and these, 

along with the already increased numbers of CD8+ T- lymphocytes and macrophages 

may be responsible for the increased chemoattractant production by day 16 -17 luteal 

tissue. The greater attraction of MN cells may be attributable to the presence of 

activated T -cells, which are known to produce lymphokines that attract and activate 

monocytes / macrophages. By this stage the CL is starting to undergo structural 

regression, and it is also possible that the presence of damaged tissue, luteal cells and 
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extra -cellular matrix, may also be involved in attracting phagocytically- active 

macrophages to help in the clear up. Another possibility is that the equine CL 

produces monocyte chemoattractant protein -1 (MCP -1), as has recently been 

described in the bovine (Anderson, 1997), with increased amounts present after 

functional luteolysis. In the cow this increase occurs prior to the increase in luteal 

macrophage numbers, and may indicate a role for MCP -1 in chemotaxis of monocytes 

into the CL during structural luteolysis. 

The study by Sirotkin and Luck (1995) only examined the attractant properties of 

early (day 1 -2) CL tissue, and found that neutrophils and eosinophils were attracted to 

the tissue -conditioned media, while lymphocytes, monocytes and basophils were not. 

The earliest luteal tissue tested in our study was from day 8 -10 CL, and did not show 

any attractant activity, for PMN or MN cell preparations. This difference may be due 

to the disparate ages of the tissues tested. The presence of inflammatory cells and 

chemoattractants for such cells in the newly formed CL may be a carry-over from the 

inflammatory -like ovulation process, with its associated release of a variety of 

inflammatory mediators and cytokines, many of which are known to have 

chemoattractant properties. Such substances may have been `cleared' from the luteal 

tissue at the time we obtained our earliest tissue samples, 8 -10 days after ovulation.. 

Tissue taken after administration of PGF2a tended to possess the greatest 

chemoattractant ability, as judged by the tissue- conditioned media used in the 

migration assays. Both PMN and MN cells were drawn towards the test samples, 

travelling a mean of 35.6% and 57.8% of the control distances respectively. The 

attractant activity was similar to that of the day 16 -17 tissue samples for most rT 

tested. However, one sample consistently attracted both NAN and MN cells 

significantly more effectively than tissue from day 16 -17 of the cycle, though it was 

not significantly different to the other PG- treated tissue samples. 

The study by Murdoch (1987) reported increased numbers of eosinophils in CL of 

sheep treated with a luteolytic dose of PGF2a, and this was also observed in the 

reported in Chapter 2. CD8+ cells were present in lower numbers than after rr .,T 

rra 

II 
ai 

luteolysis, while numbers of macrophages in PGF2a -treated tissue were higher than in 

mid -luteal tissue, but significantly lower than after natural luteolysis. However this 
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does not completely eliminate either of these cell types as being responsible for the 

increased chemotactic properties of the PGF2a-treated tissue, as cell numbers may not 

necessarily be related to cytokine concentration. The pharmacological dose of PGF2a 

used to artificially induce luteolysis in this study, and in practice, is many orders of 

magnitude greater than the normal physiological levels found in the equine CL, and 

may itself be responsible for the increased attractant activity of the PGF2IX treated 

tissue. However, PGF2a has been reported not to be chemotactic for equine 

neutrophils (Watson et al., 1987), though the effect on MN cells was not assessed in 

the study. It is also possible that the high levels of prostaglandins cause alterations in 

surface antigens in the resident cells of the CL, perhaps exposing cellular antigens and 

leading on to antibody- mediated reactions involving complement (Murdoch et al., 

1988), components of which are known to be powerful chemoattractants. In addition 

cells damaged by the high PG levels may themselves release chemoattractants for 

inflammatory cells. 

None of the ovarian stromal tissue samples, from any of the stages of the oestrous 

cycle examined or after PGF2a expressed any chemoattractant properties. It appears 

therefore that the variations in attractant activity observed at different stages of the 

oestrous cycle are due to substances within the luteal tissue itself, which could be 

produced by luteal cells, or any of the other non -luteal cell types present, which 

includes vascular cells (e.g. endothelial cells), connective tissue cells (e.g. fibroblasts) 

and cells of the immune system (e.g. macrophages and lymphocytes). 

In the second part of the study we examined the potential chemoattractant properties 

of a range of ovary- related molecules. PMN cells failed to be attracted to any of the 

substances tested, producing similar results to the negative control solution. A 

positive chemotactic response of the same cells towards the positive control (serum) 

wells indicated that they were chemotactically responsive, and that it was not an assay 

problem. However there is the possibility that the attractant activity of these 

substances was so low that it was not apparent after only 2 hours of incubation. 

Nevertheless if left to incubate for longer the random migration of the neutrophils may 

have overtaken and masked any directional migration that occurred. Although 

recommendations have been made for incubation periods for human neutrophil 
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al. (1991) indicated that intact type 1 collagen, while chemotactic for human 

neutrophils, did not elicit directed cell migration in peripheral monocytes. However, 

enzymatically (collagenase) generated gelatin type -1 fragments elicited a chemotactic 

response in peripheral monocytes. The attractant activity of collagenase- treated 

collagen for equine leucocytes was not tested in our study. 

In conclusion, media conditioned by equine luteal tissue taken at days 12 -14 and days 

16 -17 of the oestrous cycle was chemoattractant for equine leucocytes. Attraction of 

leucocytes by the CL prior to functional luteolysis may indicate a role for these cells in 

demise of the CL. Post -luteolytic luteal tissue exhibited stronger attractant activity for 

mononuclear cells, which suggests that such cells are involved in structural regression, 

clearing up damaged cells once the CL has reached the end of its functional lifespan. 

CL collected after exogenous PGF2a administration exhibited stronger attractant 

activity than those obtained after natural luteolysis. This may be due to the 

supraphysiological dose of prostaglandin used to artificially induce luteolysis, which 

may induce cellular alterations and damage not usually seen at luteolysis, causing a 

greater immune response. Ovarian stroma itself exhibited no leucocyte attractant 

properties. From the results of the chemical solutions tested it is possible that collagen 

and/or collagenases are involved in leucocyte attraction into the equine ovary. 

However the migratory responses to these substances were only comparable to those 

towards pre -luteolytic tissue samples. They were never as marked as to the post - 

luteolytic samples, the ones which would be most likely to be producing collagen 

and/or its degradatory enzymes. This may be due to concentration differences, but 

may also suggest that collagen and its degradatory enzymes have only a minor part to 

play in attracting leucocytes into the CL at luteolysis. 

Further studies are necessary to identify the chemical nature of the chemoattractants 

produced by the CL prior to and at luteolysis, and the timing of their production 

relative to luteolysis. 
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Chapter 5 

Effect of administration of a Gonadotrophin- 

releasing hormone analogue to cyclic mares on day 

nine of the oestrous cycle on hormone levels and 

follicular dynamics. 

`There is no virtue in not knowing what can be known' 
Aldous Huxley 

5.1. Introduction 

The characterisation of the structure of gonadotrophin -releasing hormone (GnRH) 

the early 1970s has led directly to the creation of pharmacological analogues that can 

influence luteinising hormone (LH) and follicle -stimulating hormone (FSH) in a 

readily reversible fashion in the presence or absence of gonadal steroids (Krey. 1993). 

Such GnRH agonists and antagonists soon evolved into their current role, as 

important diagnostic and clinical tools, that can be used for suppression and l or 

stimulation of gonadotrophin secretion in numerous physiological or pathological 

states. GnRH agonists are generated by a number of modifications and substitutions 

to the basic native GnRH structure. These alterations stabilise the spatial 

conformation necessary for activation of post- receptor mechanisms, and block 

biodegradation by endogenous peptidases. They also endow these compounds with 

greater affinities for the GnRH receptor, enhanced abilities to activate post- receptor 

mechanisms, and biologically effective half -lives that are dramatically increased above 

that of the native hormone. As a result there are now in excess of 2,000 analogues 

that have been synthesised, with agonists such as leuprolide, buserelin and nafareiin 

capable of stimulating gonadotrophin release up to 200 -fold more effectively than 

native GnRH. Prolonged treatments with such agonists eventually result in very low 

immunoreactive and bioactive levels of LH and FSH in the circulation, and the 

subsequent collapse of gonadal steroid output. This has led to their approval for usage 
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in human medicine in treatment of pathologies that benefit from such suppressive 

actions on gonadotroph and gonadal function, such as precocious puberty, 

endometriosis and prostate cancer in humans (Krey, 1993). In addition, the initial 

stimulatory effect of these analogues has resulted in them being widely used in 

ovulation induction protocols for the treatment of infertile women including in vitro 

fertilisation and other assisted reproductive technologies. 

Veterinary medicine has also embraced the use of these compounds. Being a 

decapeptide, GnRH and its analogues have the advantage over the previously used 

human chorionic gonadotropin (hCG) in having minimal antigenicity, and therefore 

carrying less risk with repeated usage. However it also has a major disadvantage in 

that, for many applications, it must be administered in pulsatile fashion by frequent 

injections, by constant infusion or by slow -release implants over prolonged periods of 

time. Despite this, GnRH and GnRH agonists (GnRHa) have found various 

therapeutic applications in most of the domestic animal species (Drost and Thatcher, 

1995), primarily in an attempt to stimulate follicular development and ovulation. As 

such it has become an important hormone in protocols for out -of- season breeding in 

sheep, goats and horses. 

In cattle the therapeutic indications of GnRH and / or its analogues were initially 

limited to the treatment of cystic follicular degeneration in cows, a condition which 

for many years had been treated with hCG. The advantages of GnRH included its 

lower price, and evidence that refractoriness due to antibody formation did not occur. 

In addition anaphylaxis following GnRH treatment has not been reported in cows. 

Subsequently its use has been aimed at the synchronisation of ovulation and 

insemination in repeat breeder cows, and hence fertility enhancement. Administration 

of GnRH at the time of insemination in repeat breeder cows has improved fertility in 

nearly all studies (Mee et al., 1990). Exogenous GnRH can also play a regulatory role 

in reproductive management. Programming follicular development by injection of 

GnRHa (Macmillan and Thatcher, 1991), provided a basis for development of an 

oestrus synchronisation system in which both follicular development and corpus 
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luteum (CL) regression are controlled (Thatcher et al., 1989). Treatment of heifers 

with Buserelin followed 7 days later by injection with PGF2a, increased the number of 

animals synchronised within a 5 -day period, and also enhanced precision of synchrony 

during days 2 and 3 after PGF2a injection as compared with cows treated with PGF2a 

alone. 

Reports of increased pregnancy rates with usage of GnRH and / or its analogues 

during the luteal phase post -insemination have received a lot of attention. Macmillan 

et al. (1986) reported that cows injected with a GnRH agonist (Buserelin) on either 

days 11, 12 or 13 after insemination had higher pregnancy rates than control cows, 

72.4% versus 60.9 %. Among cows that did not conceive, Buserelin reduced the 

proportion of animals with return to service intervals of less than 22 days by 

approximately the same percentage as the increase in fertility rate. This suggested that 

GnRH was acting to delay luteolysis in cows that would otherwise have lost their 

embryos due to an earlier luteolysis. At the same time a number of other similar 

studies were carried out to try to further investigate the apparent improvement in 

pregnancy rate with post -insemination usage of GnRH agonist. Jubb et al. (1990) in 

an experiment that was conducted across 19 farms and involved 2050 dairy cows, 

were unable to show an improvement in conception rates when Buserelin was injected 

11 -13 days after insemination. The lack of effect was consistent among herds of low, 

average and high fertility. Biologically, Buserelin was active in that the frequency of 

shortened interoestrous intervals was reduced. Furthermore, no Buserelin effect was 

detected on fertility to the insemination following treatment, a fact which had also 

been reported by Macmillan et al. (1986). Other studies have similarly failed to find a 

consistent increase in pregnancy rates using this treatment regime (Stevenson et al., 

1993; Rettmer et al., 1992b), while yet other studies have reported increased 

pregnancy rates following administration of GnRH analogue (GnRHa), Buserelin, 11 

days after insemination (Sheldon and Dobson, 1993). In addition, most studies have 

reported considerable variation in response to treatment. Some individual herds show 

significant improvements, while others had no significant effects at all, or even 

negative effects (Stevenson et al., 1993; Rettmer et al., 1992b; Sheldon and Dobson, 

1993; Drew and Peters, 1994). Collectively, across experiments, there is no clear 
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indication that treatment with a GnRH agonist between 11 and 14 days after 

insemination will increase pregnancy rates. 

In horses GnRH and / or agonist first found a use in induction of ovulation. It has 

been common practice for many years to use hCG to hasten ovulation in brood -mares. 

Unfortunately, hCG has the disadvantage of inducing antibody formation which 

reduces its efficiency after several successive injections (Duchamp et al., 1987). 

Consequently investigators have attempted to use the less antigenic decapeptide 

GnRH or its analogues for the same role. When given as a single injection GnRH was 

less effective in precipitating ovulation than a single injection of hCG. Ovulation was 

only hastened if injections were given every 12 hours for an average of 3.8 injections. 

Squires et al. (1994) employed a subcutaneous implant containing a GnRHa and were 

able to induce ovulation in the majority of mares within 48 hours of insertion, with no 

adverse effects on pregnancy rates. A synthetic GnRH has also been used to induce 

ovulation effectively in seasonally anoestrus mares exposed to natural photoperiod 

with no supplemental lighting (Hyland et al., 1987; Hyland et al., 1989; Meyer et al., 

1990; Ginther and Bergfelt, 1990). GnRHa implants have also been successful in 

hastening ovulation in cycling and transitional mares (McKinnon et al., 1993; 

McKinnon et al., 1996). 

Following on from studies done in cattle, GnRH analogues have also been 

administered to mares during the luteal phase post -insemination to see if such 

treatment could improve pregnancy rates. In the one study reported (Pycock and 

Newcombe, 1995; Pycock and Newcombe, 1996) the authors claimed an increase in 

pregnancy rates, 73% and 57% in mares treated with 40ug buserelin compared with 

67% and 53.5% in control mares, respectively in two different trials. The authors 

stated that the mechanism of action of the improvement was unknown. Early 

embryonic death is a major cause of subfertility in mares and there are many potential 

factors involved. As in ruminants, the maintenance of equine pregnancy depends on 

the continued secretion of luteal progesterone. Exogenous progesterone is often given 

in the belief that it reduces the incidence of pregnancy loss, despite the fact that there 

is no clear evidence for the involvement of primary luteal insufficiency in embryonic 

loss in the mare prior to day 25 (Ginther, 1985; Forde et al., 1987). Pycock and 
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Newcombe (1995) hypothesised that treatment with Buserelin in dioestrus before the 

luteolytic signal may prevent luteal regression in mares in which the embryonic vesicle 

alone is not capable of blocking luteolysis. They also stated that the results of their 

preliminary study should be interpreted as identifying a need for further research to 

confirm the repeatability of the data, and to investigate the mechanisms by which 

pregnancy rates at 14 -16 days are increased, and pregnancy losses are reduced. 

As a number of studies have identified prolonged luteal function in cows after 

administration of GnRHa in dioestrus (Milvae et al., 1984; Macmillan et al., 1985; 

Macmillan et al., 1986; Jubb et al., 1990; Lajili et al., 1991; Sheldon and Dobson, 

1993), we wondered whether the same effect could be obtained in horses, and provide 

us with a model for prolonged luteal function. Such luteal tissue could then be 

compared with tissue from normal cycles to determine the relative importance of 

different cell populations and their associated cytokines in luteal regression. 

The objective of the study reported here was to determine the endocrine responses 

and changes in ovarian structures in cycling mares after a single injection of Buserelin 

in the mid -luteal phase, 9 days after ovulation. If treatment did consistently prolong 

luteal function we would possibly then have a model for future investigations of luteal 

regression. 

5.2. Materials and methods 

5.2.1. Animals 

Five mares of mixed breeding, aged between 4 and 16 years of age, and weighing 

350 -450 kg were used for the study. All mares were genitally normal, and were 

undergoing normal oestrous cycles at the time of the study. They were monitored 

daily by transrectal ultrasonography using a real -time linear -array scanner equipped 

with a 5MHz intrarectal transducer (Aloka 500V, BCF Technologies Ltd., Livingston, 

Scotland). At ovulation (day 0) the mares were randomly allocated to control or 

treatment groups, and groupings were reversed in the following cycle. During the 
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control cycle mares received 10m1 saline i.m., and in treatment cycles 10m1 of 

Receptal® (=40µg Buserelin; Hoechst UK Ltd., Milton Keynes, Bucks., UK.) was 

administered i.m.. All injections were given 9 days after ovulation. 

5.2.2. Monitoring of ovarian activity 

Ovarian scans were performed daily from day 8 through to the next ovulation. It was 

ensured that the ovaries were scanned completely, to determine number and 

appearance of all follicles, and diameters of follicular antra and corpora lutea. A 

`follicle map' (Fig. 1) was drawn every scan day to follow growth and regression of 

follicles, and all follicles greater than 5mm diameter were individually recorded. Any 

evidence of luteinisation of follicles or secondary ovulations was also noted. 

5.2.3. Monitoring of endocrine events 

Blood samples were taken daily from day 10 until the next observed ovulation. In 

addition mares were blood sampled hourly for 6 hours on day 8, the day prior to 

treatment, on the day of treatment (day 9), and on day 12 of the cycle. On day 9 the 

first sample was taken immediately prior to administration of saline or buserelin. 

Single daily samples were collected by jugular venipuncture and on days 8,9 and 12 an 

indwelling catheter was placed aseptically in the jugular vein under local anaesthesia. 

Catheter patency was maintained by flushing with heparinised saline. All blood 

samples were withdrawn into evacuated heparinised tubes (Becton Dickinson UK 

Ltd., Cowley, Oxford, UK). Blood samples were centrifuged at 2,000g for 15 min at 

4 °C, and plasma stored at -20 °C prior to being assayed. All single daily samples were 

analysed for plasma progesterone, oestrogen, LH and FSH levels. Hourly samples 

from day 8, 9 and 12 were also analysed for plasma progesterone levels, while levels 

of oestrogen were measured in the hourly samples from days 8 and 12. Hourly 

samples from day 8 and 9 were also analysed for levels of LH, to determine whether 

there was an acute response to the GnRH analogue. 
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Figure 1. An example of an ultrasound scan picture of part of an ovary, and a 
corresponding `follicle map'. These were drawn daily for each mare. 
In the scan picture fluid -filled follicles appear as dark, non -echogenic areas, while the 
surrounding, echogenic ovarian tissue shows up in shades of white and grey. 
Figures in the `follicle map' are the follicle mearurements in millimetres (mm) 



Hormone assays were performed as described in the Appendix, Section. 1. 

5.2.4. Statistical analysis 

Cycle lengths for control and treatment cycles were compared using the paired t -test. 

Differences in the concentrations of plasma progesterone, oestradiol, LH and FSH 

between treatment and control cycles were analysed using Wilcoxon Signed Rank 

Test and Confidence Intervals. Levels of hormones in hourly samples from days 8, 9 

and 12 were compared using paired t -test. A p -value of less than 0.05 was taken to be 

significant. All statistical analysis was performed using Minitab Software 

(Pennsylvania State University, PA, USA). 
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5.3. Results 

5.3.1. Endocrine events 

Cycle length 

There were no significant differences in duration of the luteal phase between control 

and treatment cycles. Mean ( +/- s.e.m.) cycle length for control cycles was 20.7 +/- 

0.66 days, and for treatment cycles was 21.0 +/- 0.32 days. 

Progesterone concentrations 

Progesterone levels in control and treatment cycles did not differ significantly (Fig. 2). 

In addition there was no significant effect of treatment on levels of progesterone 

measured in hourly samples from days 8 and 9 of the cycle. 

Oestrogen concentrations 

Mean concentrations of oestradiol were significantly reduced during treatment cycles 

when compared to the control cycles (Fig. 3). Furthermore, mean oestradiol levels 

`followed' the follicular growth monitored on the ovaries (Fig. 4), tending to parallel 

the growth of the largest follicle on the ovaries at the time. 

LH concentrations 

As expected, there was no significant difference in plasma LH levels between control 

and treatment cycles on the day prior to GnRH analogue treatment, day 8, (Fig. 5(a)). 

However on the day of treatment (day 9) all treated mares exhibited an acute 

response, with significantly higher levels of LH in the 6 hours following treatment 

with the GnRH analogue when compared with the control cycle (Fig. 5(b)). 

For the rest of the cycle levels of LH did show significant differences between control 

and treatment cycles for all mares, though the results were still variable. In three 

mares, treatment with buserelin resulted in significantly higher levels of LH, while in 

the other two mares treated cycles showed significantly lower levels of LH than in 

control cycles (Fig. 6). 
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Figure 2. Mean progesterone concentrations in control and treatment cycles. 

Figure 3. Mean oestradiol concentrations in control and treatment cycles. 
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Figure 4 (a). Diameter of all follicles greater than 5 mm during one cycle in an 

individual mare. 
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Figure 4 (b). The corresponding plasma oestradiol level for the same mare, for the 

same oestrous cycle. 



Figure 5 (a). Mean plasma LH levels on day 8, in control and treatment cycles. 

Figure 5. (b). Mean plasma. LH levels on day 9, in control and treatment cycles. 



10 

8- 

o 

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

DAY 

- - Control 
--- Treatment 

Figure 6. Plasma LH levels in two individual mares for control and treatment cycles. 



FSH concentrations 

All treated mare cycles had significantly elevated concentrations of FSH following 

treatment with the GnRH analogue when compared to control cycles (Fig. 7). 

5.3.2. Ovarian activity 

None of the mares showed any ultrasonographical evidence of secondary ovulations 

or luteinisation of follicles after GnRH administration. 
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Figure 7. Mean plasma FSH levels during the oestrous cycle, in control and treatment 

cycles. 



5.4. Discussion 

Gonadotrophin -releasing hormone (GnRH) is a decapeptide hormone synthesised in 

cell bodies of neurosecretory neurones located in the mediobasal hypothalamus and 

secreted into the primary capillary bed of the median eminence. It is responsible for 

the release of luteinising hormone (LH) and follicle stimulating hormone (FSH) from 

the pituitary. Chemical identification of GnRH has enabled synthesis of the native 

hormone, and a number of potent GnRH agonists whose design has been directed 

towards stabilisation against enzymatic attack, increasing binding to plasma proteins 

and membranes and increasing affinity of the agonist for the GnRH receptor (Conn 

and Crowley, 1991). Commercially available GnRH agonists and analogues for use in 

veterinary medicine in the UK include Buserelin (Receptal ®, Hoechst UK Ltd., 

Milton Keynes, Bucks, UK.), native GnRH, Gonadorelin (Fertagyl13, Intervet UK 

Ltd., Cambridge, UK.), and Fertirelin acetate (Ovalyse ®, Upjohn Ltd., Crawley, West 

Sussex, UK.). 

Owing to the alterations in chemical structure, marked differences exist between the 

various GnRH analogues in relative potencies to release LH and FSH in cattle 

(Chenault et al., 1990). For example, Fertirelin acetate was approximately four to ten 

times more potent than Gonadorelin as measured by LH and FSH release during the 

luteal phase of the bovine oestrous cycle, while Buserelin was 50 times more potent 

than Gonadorelin (Chenault et al., 1990). These observations are also consistent with 

results from other species. In the rat Fertirelin acetate is 4 -6 times more potent than 

Gonadorelin, whereas Buserelin is more than 120 times more potent than Gonadorelin 

in the induction of ovulation, and 19 times more potent for the release of LH and 

FSH. In the human Buserelin activates stimulation of LH and FSH release 20-40 times 

more than Gonadorelin (Chenault et al., 1990). However, based upon results where 

medium potency dosages had some carryover inhibitory effect on subsequent LH and 

FSH release in response to low potency dosages of GnRH or analogue, it would 

appear that, when using such products, the pituitary's gonadotropes become 

refractory to GnRH for at least 48 hours after injection of doses greater than or equal 

to 500µg Gonadorelin, 501.1g Fertirelin acetate or 101.tg Buserelin. Therefore, studies 
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utilising repeated injections of pharmacological levels of GnRH or its analogues in the 

bovine need to allow longer than 48 hours between injection for maximal response 

(Chenault et al., 1990). Using just a single intramuscular (i.m.) injection of GnRH and 

GnRH agonists gives a predictable release of both LH and FSH such that 

concentrations in the peripheral circulation are elevated over a 3 -5 hour period 

(Thatcher et al., 1993). 

To date no studies have been performed in the horse comparing relative potencies of 

the different products available in the stimulation of release of LH and FSH or 

induction of ovulation, duration of their effect on LH and FSH release, or 

development of refractoriness with repeated usage. One study (Alexander and Irvine, 

1986) examined the GnRH dose -LH response relationship over a range of GnRH 

doses which induced physiological and supraphysiological LH pulses in mares in three 

reproductive states: seasonal acyclicity, and the luteal and follicular phases of the 

cycle. The study utilised GnRH itself, and found that even at small doses the amount 

of LH released by the same dose was similar in all three reproductive states, even 

though the steroid milieu differed markedly. This implies that observed differences 

between the three reproductive states in mean serum LH concentrations were 

produced by differences in GnRH pulse frequency and /or amplitude and not by 

steroid- mediated changes in pituitary response to GnRH. In addition it was found that 

even small doses of GnRH (4 -711g) were capable of inducing physiologically sized LH 

responses. 

Any rational use of GnRH or its agonists, for implementation in various reproductive 

management systems or their use to increase pregnancy rates, must be based on a 

thorough understanding of GnRH- induced biological affects on the reproductive - 

endocrine system. Hypothetically, GnRH- induced effects can be indirect through their 

induced release of LH and FSH (Chenault et al., 1990) or perhaps direct, through the 

effects of GnRH on reproductive tissues (Hsueh and Jones, 1981). Two _e»'iag 

responsive tissues within the ovary are the corpus luteum (CL) and the fol , le. 
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The effects of GnRH on CL development and function have been examined in cattle. 

Milvae et al. (1984) demonstrated that doses of GnRH from 10 -80 ng failed to alter 

basal biosynthesis of progesterone by dispersed bovine luteal cells, whereas the high 

(100 ng) dose decreased basal and LH- stimulated production of progesterone. 

Differences among doses of GnRH were examined statistically, and a trend for a linear 

decline due to dose of GnRH was observed, but not tested by regression analysis. In a 

subsequent study (Ireland et al., 1990), bovine luteal cells were shown not to have 

GnRH receptors and progesterone production was not inhibited by GnRH. 

Collectively these results indicate that GnRH will not have direct stimulatory or 

inhibitory effects on the CL to increase progesterone production. Brown and Reeves 

(1983) demonstrated the absence of specific GnRH receptors in bovine, ovine and 

porcine ovarian tissue. Therefore, in the bovine at least, potential GnRH effects must 

be mediated indirectly via alterations in endogenous gonadotrophin secretion or 

directly via a non -receptor mediated mechanism. 

A few studies have reported on the responsiveness of equine luteal cells to 

gonadotrophin stimulation in vitro, though none have utilised GnRH or an analogue. 

Condon et al. (1979) were unable to cause a significant increase in production of 

either progesterone or total progestagens by luteal tissue when ovine LH was added. 

In contrast, when Kelly et al. (1988) tested the ability of horse LH, hCG and PMSG 

to stimulate progesterone secretion in vitro, hCG caused the greatest stimulation of 

progesterone production, with horse LH less effective, and no concentrations of 

PMSG stimulating a significant increase. The more recent findings of Broadley et al. 

(1994) are in agreement with those of Condon et al. (1979). Addition of a range of 

concentrations of equine LH or hCG did not alter progesterone secretion by 

dissociated luteal cells, and the authors concluded that luteal tissue from mares is not 

responsive to LH at the stages examined (days 3, 10, and 14), or that hormonal 

control of the mare CL may differ from that in other species. Condon et al. (1979) 

had also stated that it appeared that the equine CL was more refractory to exogenous 

stimulation than other domestic species such as the cow. 
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The timing of GnRH treatments may have differential effects on subsequent CL 

function in the cow. For example, injection of GnRH in the perioestrous period, either 

before or concurrently with the preovulatory surge of LH attenuated subsequent 

progesterone concentrations in serum during the first seven days of the oestrous 

cycle, and exposure of the developing CL (day 2 of the oestrous cycle) to GnRH- 

induced secretion of LH also caused a subsequent decrease in serum progesterone 

concentrations (Rodger and Stormshak, 1986). GnRH treatment on day 2 reduced the 

number of unoccupied LH receptors in luteal tissue collected on days 8 and 14 of the 

oestrous cycle. An enhancement of differentiation of the CL was suggested, in which 

the rate of transformation of small luteal cells to large luteal cells was increased. 

Injection of GnRH on both day 2 and 8 of the cycle increased basal secretion of 

progesterone by luteal slices, and addition of LH to the media caused no further 

increase in progesterone secretion (Martin et al., 1991). Such an in vitro luteal 

response is characteristic of large luteal cells which exhibit higher basal progesterone 

production and are less responsive to LH stimulation than small luteal cells (Hansel et 

al., 1991). More recently Mee et al. (1993) also reported that injection of GnRH at 

oestrus increased the proportion of large luteal cells at day 10 of the oestrous cycle. 

In incubations of slices of tissue from the same corpora lutea, concentrations of 

progesterone were similar between control and treated cows. However, production of 

progesterone in response to added LH for cows previously treated with GnRH was 

significantly less than that by luteal tissue collected from control cows. Such a 

response is consistent with the finding of increased numbers of large luteal cells in 

tissue from the previously treated animals. Small luteal cells possess more receptors 

for LH and are more responsive to LH stimulation in vitro, and more small cells were 

present in luteal tissue not previously exposed to GnRH. In the same study Mee et al. 

(1993) reported an increase in fertility in repeat- breeder cows treated with GnRH 12 

hours after first detected oestrus. Previously the means by which this occurred was 

unexplained, and the authors went on to discuss possible mechanisms of action. They 

concluded that the treatment increased concentrations of progesterone in serum 

earlier after ovulation, and maintained higher concentrations of progesterone for up to 

40 days after treatment (during pregnancy), which seemed to be associated with 
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higher embryonic survival until 42 -56 days after AI. They also concluded that the 

increased progesterone levels after GnRH were due to an increased proportion of 

large luteal cells in the CL, and possibly due to increased concentrations and pulse 

frequency of FSH secretion. An earlier study by Mee and co- workers (Mee et al., 

1990) had investigated the effects of GnRH on pregnancy rates of dairy cattle at first 

service when both the timing of the hormone injection and AI were altered relative to 

the onset of oestrus, and had found contrasting results. It was concluded that GnRH 

administration to dairy cattle at first services postpartum failed to improve pregnancy 

rates, regardless of timing of GnRH administration or AI relative to the onset of 

oestrus. There was even an antifertility effect of GnRH when given during late 

oestrus, and the authors stated that the use of GnRH at first service in dairy cattle was 

inadvisable. 

It is apparent from all these studies that GnRH injections can have variable effects on 

CL function, depending upon when they are given in the cycle, perioestrus or early 

luteal phases versus mid- and late -luteal phases of the oestrous cycle. 

Although there are no reports on the effects of administration of GnRH to mares at 

oestrus or early dioestrus on luteal function, the study by Kelly et al. (1988) also 

investigated the effects on peripheral plasma concentrations of progesterone following 

intramuscular injection of 1,000 i.u. hCG to mares on day 3, 4 and 5 after the end of 

oestrus. There was an increase in peripheral progesterone concentrations beginning on 

day 7 and continuing until day 14 of the cycle when compared with controls. 

However, although hCG treatment increased progesterone levels, it had no influence 

on anterior pituitary release of LH as measured by frequency and amplitude of LH 

release. The authors concluded from these findings, and from experiments with 

dispersed luteal cells mentioned earlier, that the mare CL is responsive to 

gonadotrophins in vitro and that exogenous hCG can enhance serum progesterone 

concentrations throughout the oestrous cycle, and in early pregnancy, though there 

was no effect on pregnancy rates in treated mares. 
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A number of studies have also looked at effects of GnRH when administered later in 

the luteal phase. Subcutaneous injection of dairy heifers with a GnRH agonist 

(Buserelin, 1Ogg) four times a day on days 9 -12 of the oestrous cycle increased the 

luteal phase concentrations of plasma progesterone and extended the oestrous cycle to 

26.2 days (Milvae et al., 1984). Increases in plasma LH were associated with the 

GnRH agonist injections, and these increases became attenuated with repeated 

injections, most likely due to desensitisation of gonadotropes, as mentioned earlier. It 

was assumed that the elevation in plasma progesterone seen was due to the known 

luteotrophic effect of LH on the bovine CL (Donaldson and Hansel, 1965; Hansel et 

al., 1973). Even single injections of a potent GnRH agonist ( Buserelin, 5µg) to 

normally cycling dairy cows after day 11 of the oestrous cycle have been shown to 

increase luteal lifespan and cycle length without any associated chronic increase in 

plasma progesterone (Macmillan et al., 1985). The authors concluded that the effects 

were not due to the formation of a secondary CL, but rather that the hormone 

injection stimulated CL function, and appeared to prevent or delay luteolysis when 

administered from day 12 of the cycle. The same research group also investigated the 

effect of a single injection of either 5 or 10µg of the same GnRHa, Buserelin, to dairy 

cows 1 to 13 days after insemination on the fertility of that insemination or a 

subsequent second insemination (Macmillan et al., 1986). The 10gg Buserelin 

treatment did not affect pregnancy rate when injected during days 7 -10 post - 

insemination (64.9% vs 65.4 %), but did increase pregnancy rates by 11.5% (72.4% vs 

60.9 %) when administered during days 10 -13 post -insemination. The average second 

insemination pregnancy rate among cows previously injected with 10µg of Buserelin 

during days 10 -13 was also increased, by 15.6% (85.1% vs 69.5 %). Buserelin 

treatment also produced an altered distribution in return to service intervals when 

administered during days 10 -13, with a reduction in return to service intervals of less 

than 20 days, which appeared to be dose -related, being more marked with the 10µg 

treatment than the 5µg one. The authors suggested that when the treatment prolonged 

the lifespan of the CL, it may have increased the probability of maternal recognition of 

the presence of the developing embryo, and that this response may be dose dependent. 

The pregnancy rate effect with 10µg of Buserelin was consistent for the 3 days in the 
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period from day 11 -13 after insemination. Luteoprotective effects during this period 

would span that stage of the oestrous cycle during which maternal recognition of the 

developing embryo in relation to CL survival has been predicted to occur (McCracken 

et al., 1984). With regard to the effects on pregnancy rate to second inseminations the 

authors stated that the results should not be interpreted to mean that similar effects 

would occur if normally cycling cows were treated in a similar way. They went on to 

say that the increased pregnancy rates seen for these animals may have been 

associated with similar effects to those which produced increased pregnancy rates in 

repeat- breeder cows injected on day 12 of the cycle preceding insemination (Thibier et 

al., 1985). 

Since low pregnancy rate is recognised widely as one of the major problems in the 

dairy industry, and profitability is greatly affected by herd pregnancy rates, the 

findings of Macmillan et al. (1986) of substantial increases in pregnancy rates with 

administration of a GnRH analogue after insemination generated much interest. 

Consequently a number of further studies has been conducted on a similar theme, with 

variable results. 

Rodger and Stormshak (1986) examined the effects of GnRH on bovine luteal 

function during the oestrous cycle, looking at the consequences on LH and 

progesterone levels and duration of the oestrous cycle. They also tried to assess the 

effect of GnRH on the luteal concentration of unoccupied LH receptors. Beef heifers 

were injected intravenously (i.v.) with saline (control) or 100µg of GnRH (treatment) 

on day 2 or 10 of the oestrous cycle. GnRH caused a significant release of LH on 

both treatment days, with the peak occurring 15 -30 mins post -injection. For both 

treatment days there was a subsequent reduction in serum progesterone levels on days 

12, 14 and 16 of the cycle, though length of the oestrous cycle did not differ between 

groups for control or treated animals. Another group of animals were also treated 

with i.v. saline or 100µg of GnRH on day 2 of the cycle. Corpora lutea were then 

assayed for LH receptors on either day 8 or 14 of the cycle. Concentrations of 

unoccupied receptors were significantly reduced at days 8 and 14 after treatment. The 
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authors suggested that exogenous GnRH acts indirectly in the bovine to suppress 

luteal function, which is in marked contrast to the conclusions of Milvae et al. (1984) 

and Macmillan et al. (1985 & 1986). Rodgers and Stormshak (1986) went on to 

suggest that the reduction in unoccupied LH receptors in the luteal cells was 

responsible for the suppression of progesterone synthesis observed. This may have 

been caused by down -regulation of the receptors following the LH release in response 

to GnRH treatment, or may be due to a change in the cellular composition of the CL. 

If the GnRH -induced LH release provoked a more rapid transformation of small to 

large cells there would be a consequent reduction in the number of LH receptors and 

progesterone synthesis and/or secretion. 

Jubb et al. (1990) conducted a large scale single blind field trial to evaluate the effect 

of a single intramuscular injection of 101-tg of a GnRHa (Buserelin) at 12 days after 

insemination. Control animals received i.m. injections of a placebo (saline). The trial 

involved 19 commercial dairy farms, and over 2,000 cows. The herds were well 

managed, and pregnancy diagnosis was performed by rectal palpation 6 -16 weeks 

after the last recorded insemination. The GnRHa- treated cows had fewer short 

interoestrous intervals compared to the control cows, but there were no significant 

differences in pregnancy rates to either the insemination preceding or following 

treatment, in calving to conception interval, or to percent pregnant by the end of 

mating. There were no differences in herds of high, average, or low pregnancy rates, 

in cows older or younger than 2 years old, or in cows calved for more or less than 40 

days. The authors concluded that the use of 10µg of the GnRHa, Buserelin, 10 -13 

days after insemination, could not be recommended as a method of improving 

reproductive performance in dairy herds. The failure to improve reproductive 

performance of cows in this trial is in marked contrast to the results of Macmillan et 

al. (1986), even though Jubb et al. (1990) did observe the induced delay in luteolysis, 

as found by Macmillan et al. (1986). This luteoprotective effect was evidenced by the 

significant reduction in the number of short interoestrous intervals in treated animals. 

The authors were unable to explain the contrasts in results, especially since their trial 

utilised a much larger number of animals, and therefore should have been able to 
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detect even smaller improvements in pregnancy rates than those demonstrated by 

Macmillan et al. (1986) if they existed. 

Lajili et al. (1991) also tested the effects of a GnRHa treatment in cows 12 -14 days 

after AI, having been inseminated at naturally occurring heats or after a previous 

injection of PGF2a. These workers found that GnRHa treatment post -insemination 

resulted in a significant enhancement of the conception rate, 60% vs 44% respectively 

for treated and control animals. PGF2a treatment prior to Al and GnRHa treatment 

had a major influence on conception rate. GnRHa treatment resulted in a beneficial 

effect exclusively in cows submitted for PGF2a injection prior to AI, and no effect was 

seen in non -PGF2a treated females which were subsequently injected with saline or 

GnRHa. In non -pregnant treated animals GnRHa treatment resulted in prolongation 

of the luteal phase by 2 -3 days, with an increased rate of heat detection on days 20 -25 

after AL These animals also had a higher fertility rate to the following Al. The authors 

were unable to explain why the positive effect of treatment only occurred in cows 

which underwent previous PGF2a treatment, though they did state that the effect of 

PGF2a treatment by itself should not be neglected, since it has been shown that the 

conception rate was higher when progesterone profiles prior to AI followed a normal 

pattern, in comparison to those with previous short or abnormal cycles. 

Mann and Lamming (1992) were the next to report their investigations. In view of the 

importance of steroid hormones in the development of the luteolytic mechanism, they 

investigated whether the improvement in conception rate reported in some studies 

could be associated with changes in plasma concentrations of oestradiol or 

progesterone. Normal cyclic dairy cows were injected i.m. with 101.1g Buserelin 

(treatment) or saline (control) on days 11 and 13 of the oestrous cycle. Cycle length 

was unaffected by treatment, and the concentration and pattern of secretion of 

progesterone did not differ between control and treatment cycles either. Plasma 

concentrations of oestradiol were similar in control and treatment cycles up to the 

start of treatment on day 11. However from day 12 -16, equivalent to the period of 

maternal recognition of pregnancy, the mean concentration of oestradiol was 

significantly reduced in the treated cycle. The authors suggested that, as oestradiol 

stimulates both the development of uterine oxytocin receptors and the secretion of 
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PGF2 , the improvement in conception rate following Buserelin administration is due 

to a weakened luteolytic mechanism, resulting from lowered plasma oestradiol 

concentration. 

In the same year Rettmer et al. (1992b) reported their results from a field trial to 

determine the dose -pregnancy rate response in virgin beef heifers and suckled beef 

cows after a post -insemination, mid -luteal phase injection of the GnRHa fertirelin 

acetate, and its effect on the duration of the oestrous cycle. Animals were 

administered 0, 100, or 200 µg of Fertirelin acetate i.m. on day 11, 12, 13, or 14 after 

oestrus, and pregnancy rates were determined by rectal palpation and/or actual 

calving dates. Both the 100 and 200 µg doses increased pregnancy rates in heifers 

based on palpation results, whereas only the 200 µg dose tended to increase 

pregnancy rates based on calving results. In suckled beef cows there was no dose 

effect of the GnRHa on palpation pregnancy rates, but based on calving results, both 

doses tended to increase pregnancy rates. They failed to show any effects on 

pregnancy rates at a subsequent insemination, and interoestrous intervals were only 

slightly increased. The authors also noted that there was considerable variation among 

locations in the response to both doses, indicating that many unknown and/or 

unidentified factors are important in determining the response to injections of a 

GnRHa. They hypothesised that the mechanism involved in the effect of GnRH 

agonists on pregnancy rates was their ability to luteinise or induce ovulations of 

follicles midcycle, thereby possibly reducing oestradiol secretion of ovarian follicles. 

This lack of oestradiol late in the oestrous cycle would probably prevent the changes 

in uterine concentrations of oxytocin receptor as well as other events that are 

prerequisite for luteolysis. By delaying luteolysis, treatment with a GnRHa would 

increase the chances for embryos to establish maternal recognition of pregnancy 

before a new wave of oestrogen -secreting follicles developed and initiated luteolysis. 

Their theory of reduced oestradiol levels being involved is in agreement with the 

theory of Mann and Lamming (1992), and they went on to expand on this theory in a 

slightly later study (Rettmer et al., 1992a). Heifers were inseminated and received 

(i.m.) either saline or 200 µg of Fertirelin acetate on day 11, 12, or 13 after oestrus. 

Daily blood samples were analysed for concentrations of LH, FSH, oestradiol and 
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progesterone. Pregnancy rates were the same in treated and control animals, and no 

treatment -induced ovulations or changes in the number of ovarian follicles were 

observed. Following injection of GnRHa there was an acute increase in oestradiol and 

progesterone concentrations for 6 hours. Progesterone levels were increased in 

pregnant heifers from 4 -12 days after injection, and oestradiol secretion was reduced 

significantly for 8 -12 days after injection. The authors concluded that reduced 

follicular secretion of oestradiol was associated with enhanced, but not prolonged, 

luteal function in heifers resulting from a single injection of a GnRHa administered on 

day 11 -13 after oestrus. 

Stevenson et al. (1993) also found no consistent increase in pregnancy rates in dairy 

cows treated with 8µg of Buserelin on day 11 -13 after insemination. Their hypothesis 

has been that the surge -like increase in LH and FSH, resulting from the injection of a 

GnRHa on day 11 -13 after oestrus and AI, would increase the lifespan of the CL by 

counteracting luteolysis through disruption of normal follicular dynamics, thereby 

permitting maternal recognition of pregnancy. In one experiment the appearance and 

dynamics of ovarian follicles, lifespan of the CL and changes in serum hormone 

concentrations in lactating dairy cows after a single injection of a GnRHa during the 

luteal phase were characterised. A second experiment was performed to determine 

whether pregnancy rates of lactating dairy cows were increased in a dose -response 

manner following one administration of either saline or 4, 8, or 12 µg of the GnRHa 

Buserelin on day 11 -14 after oestrus and AI. Injections of Buserelin clearly increased 

serum LH, FSH, and progesterone during the 6 hours after injection, with 

progesterone levels remaining elevated for several days after injection. There was also 

an alteration in number and distribution of follicles of different diameters, and a delay 

in onset of the next dominant follicle and its associated wave of subordinate follicles 

after injection. As a result of altered follicular dynamics, the luteolytic process was 

delayed, and duration of the oestrous cycle was extended. However, despite these 

events that prolonged the lifespan of the CL, pregnancy rates were improved in only 

one of the eight herds involved in the trial. The remaining herds showed decreases, no 

increases or numerically inconsistent increases at various doses. These findings are 

similar to those of Jubb et al. (1990), and both are in contrast to the results of 
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Macmillan et al. (1986). Stevenson et al. (1993) went on to state that no logical 

explanation existed for the increased response in a few herds in their study except to 

attribute them to chance, and if the previously reported increased pregnancy rates 

were not chance occurrences then further work was needed to define the factors that 

were responsible for the favourable response. 

Another large trial reported (Sheldon and Dobson, 1993) involved cows from 19 

commercial dairy farms during one year. Alternate cows were injected i.m. with 10µg 

of Buserelin 11 days after service. Rectal palpation pregnancy diagnosis and calving 

data were used for calculating pregnancy rates for control and treated cows, which 

were paired for calving to first service interval, parity and week of service. Treated 

cows had a significantly higher first service pregnancy rate, 60.0% vs 50.6 %. 

However the response to treatment did vary between the 19 herds, from a 30% 

increase to a 22% decrease in pregnancy rate. Pregnancy rate to second service, and 

to third or later services, were also significantly increased in treated animals. In 

addition the percentage of returns to oestrus between 11 and 17 days was reduced 

from 7% in control cows to 2% in treated cows. The authors concluded that GnRH 

can be injected 11 days after the first, second or later services to increase pregnancy 

rates, and suggested that this increase after treatment was associated with a reduction 

in the number of cows with inter -oestrus intervals of less than 18 days. 

A smaller study performed by Harvey et al. (1994) monitored the ovarian response of 

two groups of commercial dairy cows by transrectal ultrasonography after they had 

received a single injection of 10 pg of Buserelin 11 -13 days after AI. Five of sixteen 

cows produced a secondary luteal structure, and in one cow the histological 

appearance of both luteal structures was determined. The original CL in this cow 

showed no signs of the regression expected at this stage of the cycle when examined 

histologically, and large luteal cells occupied most of the tissue volume. Since 

secondary corpora lutea were not observed in all cows the authors concluded that 

ovulation or luteinisation of a new follicle is clearly not the only mechanism by which 

Buserelin causes the elevated progesterone levels reported in other studies (Lajili et 

al., 1991; Rettmer et al., 1992a; Mee et al., 1993), and suggested that Buserelin has 

at least two possible effects. First, it can produce additional luteal structures, and 
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secondly, it can delay the regression of the reigning CL. This is reflected in the 

delayed return to service observed after treatment with Buserelin, which the authors 

claimed was also suggestive evidence for an interference with prostaglandin 

production. This, in turn, may be related to the increased conception rate reported by 

some workers to be associated with Buserelin treatment. 

Drew and Peters (1994) reported results from three trials on the effects of Buserelin 

on pregnancy rates in dairy cows. In the first, 10 µg of Buserelin was injected on the 

day of insemination, and there were no significant effects on fertility in comparison 

with untreated control cows. In the second trial cows were injected 12 days after 

insemination. There was a significant increase (12 %) in pregnancy rate to first 

insemination, although the pregnancy rate to repeat services was not significantly 

affected. In the third trial cows were injected with Buserelin either 8 or 10 days after 

insemination, and there were no significant effects on fertility in comparison with 

untreated control cows. The authors discussed possible mechanisms of action of 

Buserelin. It has been shown that treatment with Buserelin in the mid -luteal phase can 

abolish the increase in oestradiol associated with the second follicular wave (Mann 

and Lamming, 1992). The same authors have also shown that Buserelin suppresses 

the small pulses of PGF2a which occur from about day 12 onwards, which are thought 

to sensitise the CL to the greater release of PGF2a a few days later. Drew and Peters 

(1994) therefore suggested that Buserelin acts on day 12 by reducing the follicular 

production of oestradiol via pituitary luteinising hormone, which in turn prevents the 

increase in the concentration of endometrial oxytocin receptors and thereby prevents 

the stimulation of PGF2a production by luteal oxytocin. There is also the possibility of 

inducing ovulation and accessory CL formation, or luteinisation of a follicle. Apart 

from inducing additional progesterone secretion this would also result in `down - 

regulation' of oestradiol production and consequently oxytocin receptors. The reason 

for discrepancies between studies of effects of GnRHa on pregnancy rates is not clear, 

and Drew and Peters (1994) suggested that it might be worthwhile to study the 

relative patterns of follicular development in such animals to determine whether there 

are differences between the groups which do, or do not, respond to treatment. The 

treatment on day 12 of animals undergoing a three -wave follicular cycle would have 
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occurred when the size of the dominant follicle of the second wave and the level of 

oestradiol production would have been approaching maximum. The concentration of 

oestradiol would therefore have been greatly affected as would the secretion of PGF2a 

which does not begin until this time. The timing of treatment relative to follicular 

wave activity may also explain the lack of effect of treatment on day 8 or 10. 

Mann and Lamming (1995) went on to expand upon their earlier work (Mann and 

Lamming, 1992) with a further report on the effects of Buserelin treatment on plasma 

concentrations of oestradiol and progesterone and cycle length in the cow. Cycling 

dairy cows were treated with 10 µg of Buserelin or saline on day 11 and 13 of the 

oestrous cycle. There were no effects on cycle length or plasma progesterone 

concentrations, while plasma oestradiol levels were reduced significantly from day 12- 

16. The authors suggested that by causing oestradiol levels to fall over a critical 

period in the development of the luteolytic mechanism, Buserelin treatment acts to 

reduce the strength of the luteolytic drive, thus improving the chances of an embryo 

being able to inhibit luteolysis and maintain pregnancy, and hence improving 

conception rates. Mann et al. (1995) then went on to report results of a trial looking 

at plasma oestradiol and progesterone during early pregnancy in the cow, and effects 

of treatment with Buserelin. As in their study in cycling cows, and also as reported by 

Rettmer et al. (1992a), they noted reductions in plasma oestradiol in treated animals, 

but only in cows that remained pregnant. This result provides good evidence that the 

reduction in oestradiol is related to the improvement in conception rate associated 

with Buserelin treatment. In cows with reduced plasma oestradiol the stimulus to the 

development of the luteolytic mechanism will also be reduced, and thus the chance of 

an embryo producing a sufficiently strong antiluteolytic signal to maintain pregnancy 

are improved. It was suggested that among animals destined for embryo loss 

individuals may have different follicular characteristics from cows that remain 

pregnant. In the same study non -pregnant treated and control cows underwent 

luteolysis at similar times, suggesting that treatment had not caused any delay in luteal 

regression, which is in agreement with their findings in cyclic cows (Mann and 

Lamming, 1995). 
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Studies on the effects of GnRH or its analogues on CL development and function in 

the mare are far less numerous. The key role of LH in control of ovulation has been 

recognised for some time, with administration of human chorionic gonadotrophin 

(hCG) widely used for hastening ovulation of a large preovulatory follicle in the mare 

since it was first reported in 1939 (Day, 1939). However hCG has the inconvenience 

of inducing formation of antibodies which reduce its efficiency after several successive 

injections (Sullivan et al., 1973; Roser et al., 1979; Duchamp et al., 1987). Duchamp 

et al, (1987) investigated alternative solutions to hCG to induce ovulation in the mare, 

testing GnRH, porcine LH and crude horse gonadotrophin. Neither GnRH nor the pig 

LH induced ovulation consistently. Crude horse gonadotrophin did, with no 

impairments in fertility, and the authors concluded that it was a good alternative to 

hCG for the induction of ovulation in the mare. 

Another study in the horse examined whether pulsatile administration of GnRH to 

normal, cycling mares during the late luteal phase could increase serum concentrations 

of plasma progesterone or prolong the duration of dioestrus (Johnson et al., 1988). 

Treated mares were administered 2014 of GnRH administered as a 5 -6 sec pulse, 

once per hour, using an auto - syringe infusion pump. Treatment was started on day 10 

of the oestrous cycle, and continued until 1 day after the subsequent ovulation. No 

differences were detected for the days to termination of the luteal phase or days to 

ovulation between the GnRH- treated and control groups. By four days after the start 

of treatment serum progesterone concentrations were significantly increased in the 

GnRH -treated group compared to the control group. Concentrations of LH were also 

significantly elevated in treated mares, although there was no difference in the mean 

periovulatory peak concentration of LH between groups of mares. FSH levels showed 

no significant differences between groups. The finding of increased serum 

progesterone concentrations after GnRH treatment is in contrast to the results in 

heifers which indicated that multiple injections of GnRH (4 times per day from day 9- 

12 of the oestrous cycle; (Milvae et al., 1984)) or pulsatile GnRH (5pg/hr for 5 -11 

days beginning on day 7 or day 12 of the luteal phase; (Glencross, 1987)) failed to 

enhance progesterone secretion. Milvae et al. (1984) did, however, find an increase in 

serum progesterone following treatment with a potent GnRH analogue on days 9 -12 
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of the oestrous cycle. Taken together, these results suggest a difference in pituitary 

sensitivity or ovarian response to pulsatile GnRH treatment between the mare and the 

heifer. The authors concluded that pulsatile administration of GnRH can act as a 

luteotrophic stimulus in the mare, probably by its ability to increase serum LH 

concentrations for a prolonged period of time. 

Garza Jr et al. (1986) demonstrated the importance of GnRH in control of LH, and to 

a lesser degree FSH, production and secretion in their study on mares actively 

immunised against GnRH. Long -term immunisation against GnRH produced a 

reproductive state analogous to seasonal anoestrus. It appeared that LH secretion, 

and probably production, in mares is highly dependent upon the bioavailability of 

GnRH from the hypothalamus, because immunisation markedly reduced LH 

concentrations in the long term, and the LH response to secretagogues. FSH 

concentrations were less affected, and it appeared that components of FSH secretion 

and perhaps production were relatively independent of GnRH bioavailability. Safir et 

al. (1987) had also shown previously the importance of LH in timing of the breeding 

season, with active immunisation of mares against LH- releasing hormone prior to the 

onset of the breeding season resulting in mares with high antibody titres remaining 

anovulatory. 

The use of GnRH to advance ovulation in cycling mares was investigated further by 

Johnson (1986). Pulsatile infusion of GnRH beginning on day 16 of the oestrous cycle 

was effective in advancing the time of ovulation. Frequency of pulse infusion was a 

critical variable, as indicated by the finding that only the treatment in which GnRH 

was administered once per hour advanced ovulation significantly. Neither the duration 

of the resulting luteal phase nor the length of the oestrous cycle was different between 

control and treated animals. Johnson (1987) also investigated the use of GnRH to 

induce follicular growth and ovulation in seasonally anoestrus mares. Results 

indicated that pulsatile infusion of GnRH could induce follicular development and 

ovulation in seasonally anoestrus mares in the absence of photoperiodic stimulation. 

This data, along with work like that of Garza Jr et al. (1986), added further evidence 

that the physiological state of seasonal anoestrus in the mare is the result of a decrease 

in the quantity and/or pulse frequency of hypothalamic GnRH secretion. 
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Other studies have confirmed the findings of Johnson (1987). Hyland et al. (1987) 

successfully induced ovulation and fertile oestrus in mares during deep and shallow 

anoestrus using constant infusions of GnRH. Ginther and Bergfelt (1990) also 

succeeded in inducing ovulation in seasonally anoestrous mares by administration of a 

GnRHa every 12 hours. Oocytes resulting from the induced ovulations were fully 

capable of fertilisation, and pregnancy rates for single ovulators were similar for 

control and treated mares. The treatment regime used by Ginther and Bergfelt (1990) 

produced an increase in multiple ovulation rates, which increased progressively as 

dose increased, but not significantly. More recently McKinnon and colleagues have 

used implants of the GnRHa, deslorelin (Ovuplant ®, Peptech Animal Health, N.S.W., 

Australia) to induce ovulation in both cycling (McKinnon et al., 1993) and transitional 

mares (McKinnon et al., 1996). In addition, some of the dose rates used to induce 

ovulation in the mare would be contraceptive in humans, suggesting that the horse 

may be more resistant to GnRH receptor down -regulation than other species (Turner 

and Irvine, 1991). 

Montovan et al. (1990) in a study on the effect of a potent GnRH agonist on gonadal 

and sexual activity in the horse, administered GnRHa to mares daily for 35 days. 

Follicular development was suppressed in all mares by the end of treatment, and 

resumed between 12 and 16 days after the cessation of treatment. The suppression of 

ovarian activity in treated mares is consistent with downregulation of gonadal activity 

in response to the constant stimulation caused by continuous exposure of the pituitary 

gland to high concentrations of GnRH or GnRHa. This leads to a decrease in available 

GnRH receptors, and consequently a decrease in plasma LH and FSH, and hence 

decreased gonadal steroid production. The same effects of long -term use of GnRHa 

have been observed in other species, and are the basis of some medical treatments for 

conditions such as precocious puberty and cancer of the prostate gland in men, and 

endometriosis in women (Krey, 1993). 

The efficacy of a GnRHa to stimulate follicular growth and development after 

pituitary suppression was investigated by Watson et al. (1992). Follicular growth was 

suppressed using a 10 -day oestrogen -progesterone treatment regimen, and PGF2a was 

administered on day 10. Mares then received no treatment (control), or 200 or 400 µg 
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of the GnRHa leuprolide acetate (LA) twice daily until ovulation. The dosage of LA 

did not affect response. LA treatment increased the percentage of large follicles per 

ovulation, and the diameter of the second largest follicle. It did not however 

significantly alter the number of ovulations. Following Al and embryo recovery far 

fewer embryos were recovered per ovulation from LA- treated mares than control 

animals. The authors concluded that, in some mares, treatment with LA was 

successful in inducing a significantly higher number of preovulatory follicles than 

developed during a control cycle. However, the number of ovulations was not 

significantly increased and some mares remained anovulatory until after the end of 

treatment. They went on to suggest that more work was needed to optimise the mode 

of administration of GnRH agonists and to induce all preovulatory follicles to ovulate 

if the regime was to be successfully utilised in superovulation / embryo transfer 

programmes. 

Early embryonic death is a major cause of subfertility in mares, with many potential 

factors involved. The establishment of pregnancy in the mare requires a signal from 

the developing embryo to prevent luteolysis, and maintenance of pregnancy requires 

adequate luteal function. Using ovariectomised mares, studies have determined the 

minimum serum progesterone concentration required for maintenance of pregnancy 

(Shideler et al., 1982). Although pregnancy has been successfully maintained in 

ovariectomised mares by the administration of sufficient dosages of progesterone or 

synthetic progestogens at a suitable schedule, insufficient quantities or too infrequent 

administration of these substances fail to maintain pregnancy. This failure indicates 

that inadequate luteal function can result in the loss of early pregnancy in the mare. 

Exogenous progesterone is often given to mares in the belief that it reduces the 

incidence of pregnancy loss, in spite of the fact that there is no clear evidence for the 

involvement of primary luteal insufficiency in embryonic loss in the mare prior to day 

25 (Ginther, 1985; Forde et al., 1987). Despite these facts a number of studies have 

attempted to promote or prolong early luteal function, to allow the embryo additional 

time for recognition by the dam. Effects of hCG administration on the day of 

ovulation and for two days thereafter (Paccamonti et al., 1992), or on day 8 (Watson 
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et al., 1995) have been investigated. In both these studies administration of hCG did 

not affect plasma progesterone concentrations in treated mares. This is in contrast to 

an earlier study by Douglas and Ginther (1975c) which reported an increase in 

progesterone secretion after administration of hCG on day 3, 4, and 5 after the end of 

oestrus in mares, which was attributable to an increased conversion of small luteal 

cells to large luteal cells. Paccamonti et al. (1992) suggested that the lack of response 

to hCG in their study might indicate that the CL develops a responsiveness to hCG 

during the post -ovulatory period. In the study by Watson et al. (1995) when hCG was 

administered i.v on day 8 of the oestrous cycle circulating progesterone 

concentrations were significantly elevated in 3 of 4 mares, which suggested that 

exogenous LH can be luteotrophic for the mare CL. 

Following on from studies showing potential beneficial effects of administration of 

luteotrophic substances to both cows and mares after insemination, the use of GnRH 

or its analogues to improve pregnancy rates in mares has been investigated. In the one 

study reported (Pycock and Newcombe, 1995; Pycock and Newcombe, 1996) two 

trials were performed with two separate mare populations. In trial 1, 204 maiden, 

barren and postparturient, thoroughbred and crossbred mares were randomly 

allocated to receive no treatment (control) or 40µg of Buserelin by i.m. injection 10 

or 11 days after ovulation. Pregnancy was determined by ultrasonographic 

examination on day 14 -15 and repeated between days 28 -30 of pregnancy. In trial 2, 

374 mares of similar types to those in trial 1 were also randomly allocated to receive 

no treatment (control) or 40µg of Buserelin by subcutaneous injection 8 days after 

ovulation. Pregnancy was determined as in trial 1. For both trials the association 

between treatment and pregnancy was assessed using Chi - square analysis. In trial 1, 

Buserelin treatment increased pregnancy rate at 14 -15 days, to 72.5% compared with 

66.6% of control mares (p <0.01). In trial 2 Buserelin also improved pregnancy rates 

with 57.2% of treated mares pregnant compared with 53.5% of control mares 

(p <0.05). In both trials pregnancy losses between day 14 -15 and days 28 -30 were 

4.1% and 6.5% for treated mares and 7.4% and 12.0% for control mares (p <0.05 in 

both trials), and the authors claimed that Buserelin treatment also significantly 

increased the maintenance of pregnancy at day 28 -30. The authors stated that the 
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mechanism of action of the improvement in pregnancy rate was unknown, and that 

their results, along with the confusing situation in cattle, indicated that further 

research was necessary to confirm the repeatability of their data, and to investigate the 

mechanism by which pregnancy rates at 14 -15 days are increased, and pregnancy 

losses are reduced. 

However, when we analysed the raw data ourselves using Chi - square test, and Fishers 

test where appropriate, there were no significant differences in pregnancy rates 

between treated and control mares in either of the two trials (p =0.45 and p =0.53 for 

trial 1 and 2 respectively). There were also no significant differences in pregnancy 

losses between groups (p =0.48 and p =0.26 for trial 1 and 2 respectively). 

The objectives of the study reported here were to determine the endocrine and 

ovarian responses in cyclic mares after a single injection of 40µg of Buserelin 9 days 

after ovulation, to try to ascertain if there was any indication of a mechanism i P which 

it might act to influence fertility. We found no significant differences in duration of the 

luteal phase between control and treatment cycles, which is in agreement with the 

findings of Mann and Lamming (1992 and 1995) in their studies in cyclic dairy cows. 

and contrasts with the results of Macmillan et al. (1986), Jubb et al. (1990), and Lajili 

et al. (1991). However these latter three studies involved inseminated animals which 

may alter the response to treatment, as hormonal profiles of pregnant and non- 

pregnant animals can differ as soon as 1 -2 days after treatment (Mann et al., 1995; 

Rettmer et al., 1992a). Also in agreement with the data from Mann . ;i Lamm 

(1992 and 1995) and Macmillan et al. (1995) was our finding of no significant 

difference in plasma progesterone levels in control or treatment cycles. This 

again conflicts with some results from cattle (Milvae et al., 1984; Reamer et aL 

1992a; Stevenson et al., 1993), though, as discussed, there is considerable v gmn 

seen between such studies. Effect of treatment on LH levels during the rest f the 

treatment cycle was variable, with three mares having significantly elevated levels of 

LH after treatment, and the other two mares significantly lower LH concentrations. 

This may just reflect within animal variation, and not be related to treatment at all 

Nevertheless, for all mares the acute response immediately after treatment was a 

111 
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significant increase in LH levels over the period measured. This was to be expected 

considering the findings by Irvine and Alexander (1993), which suggested that GnRH 

is the major secretagogue for LH. 

FSH levels in our study were significantly elevated in all treated cycles when 

compared to control cycles. Few studies have examined the effects of GnRH 

administration on FSH levels, tending to concentrate on the effects on LH and 

progesterone concentrations. Chenault et al. (1990) examined the LH and FSH 

response of heifers injected with one of three GnRHa on days 8 -16 of the oestrous 

cycle. All three GnRHa caused dose -dependent release of both LH and FSH, with 

obvious potency differences between the three analogues. Rettmer et al. (1992a) also 

reported release of both LH and FSH in response to GnRHa treatment in the luteal 

phase. However, gonadotrophin levels returned to normal levels within 6 hours of 

treatment. Stevenson et al. (1993) also detected increased FSH levels after buserelin 

treatment of cows on day 11 -14, and from results of other, unpublished, studies 

showing increased numbers of FSH pulses in GnRH treated cows, suggested that FSH 

may have a potential luteotrophic role. Our finding of increased FSH levels is 

therefore not at odds with other results. However, the control of FSH secretion in the 

mare is not very well defined. Garza Jr et al. (1986) demonstrated the importance of 

GnRH in control of LH, and to a lesser degree FSH, production and secretion in their 

study on mares actively immunised against GnRH. Immunisation markedly reduced 

LH concentrations in the long term, indicating that LH secretion, and probably 

production, in mares is highly dependent upon the bioavailability of GnRH from the 

hypothalamus. FSH concentrations were less affected, and it appears that components 

of FSH secretion and perhaps production are relatively independent of GnRH 

bioavailability. In women, monkeys and sheep administration of oestradiol suppresses 

FSH secretion (McNeilly, 1988), while in sheep immunisation against oestradiol raises 

FSH and increases follicular development. In the mare some studies have found no 

effect of oestradiol on FSH, while others have found FSH suppression as observed in 

other species (Garza Jr et al., 1980). It may be that the reduced oestradiol levels in 

treated mares were responsible for the increased FSH levels identified, through a 

reduction in negative feedback effect on FSH production. The decreased oestradiol 
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levels observed may be an indication of altered follicular dynamics in treated animals. 

Although inhibin has not been isolated from equine follicular fluid, it does contain a 

proteinaceous substance which, when administered to mares depresses FSH levels 

(Miller et al., 1979), and inhibin -like activity can be measured in mare jugular plasma 

(Alexander and Irvine, 1992). It has been suggested that, in the mare, as in sheep and 

women, oestradiol and inhibin act synergistically to inhibit FSH release. It is possible 

therefore, that altered follicular development could be reflected in decreased plasma 

oestradiol and inhibin -like activity, which together could result in increased FSH 

levels. 

The identification of significantly reduced levels of oestradiol during treatment cycles 

when compared to control cycles, is in accord with findings of Mann and Lamming 

(1992 and 1995) and Rettmer et al. (1992a). As mentioned, this may be an indication 

of altered follicular dynamics in treated animals, which could in turn modify 

generation of the normal luteolytic mechanisms, as reported in cattle (Mann and 

Lamming, 1992; Rettmer et al., 1992a; Stevenson et al., 1993). Again, as in cattle, 

the relative patterns of follicular development in individual mares may determine 

whether an animal responds to treatment or not. No obvious differences in follicular 

dynamics between treatment and control cycles were detected in this study. However, 

ovarian activity was only monitored from the time of buserelin administration 

onwards, and it may be the state of follicular development up to the time of hormone 

treatment that is important in determining the response, or lack of, to treatment. Some 

studies in cattle have identified an increased rate of formation of accessory corpora 

lutea (Harvey et al., 1994) or alterations in follicular dynamics (Stevenson et al., 

1993) after GnRHa administration in dioestrus. In our study daily monitoring of 

ovarian activity by ultrasonographic examination failed to identify any evidence of 

secondary ovulations or luteinisation of follicles in treated mares. 

In conclusion, as we did not see any prolongation of luteal function in GnRHa- treated 

mares in this study, it did not provide us with a model for further study. 
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In addition, the study reported here failed to identify any hormonal or ovarian events 

which would indicate that use of the GnRH agonist, Buserelin, in the mid -luteal phase 

might reinforce maternal recognition of pregnancy. However, the significant reduction 

in oestradiol levels in treated animals may reflect altered folliculogenesis, which, in 

turn, could affect luteolysis, although oestrous cycles were not lengthened in treated 

mares. It appears therefore that more work needs to be performed to investigate 

whether treatment with buserelin does in fact increase pregnancy rates in mares. 
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Chapter 6 

LH receptor expression in the equine ovary 

throughout the oestrous cycle and early pregnancy. 

`Pooh knew what he meant, but, being a Bear of Very Little Brain, 
couldn't think of the words' 

A. A. Milne (The House at Pooh Corner) 

6.1. Introduction 

The pivotal role of luteinising hormone (LH) in follicle maturation, and development 

and maintenance of the corpus luteum of domestic ruminants and a number of other 

species has been well established. The preovulatory LH surge alters the phenotype of 

the remaining theca and granulosa cells after ovulation to promote secretion of large 

amounts of progesterone during the subsequent luteal phase. The crucial role of LH in 

CL formation is substantiated by hypophysectomy studies in the sheep showing that 

normal CL formation and function are inhibited following hypophysectomy early in 

the luteal phase (Kaltenbach et al., 1968). Studies in the cow have shown that 

dominant follicles have acquired LH receptors on the granulosa cells, rendering them 

dependent on LH for further development (Ireland and Roche, 1982; Ireland and 

Roche, 1983a; Gong et al., 1995; Webb and Armstrong, 1998). It has been 

hypothesised that changes in FSH and LH receptor content of bovine follicles may be 

important for recruitment, selection and atresia of bovine follicles (Xu et al., 1995). 

A similar situation in the mare is supported by a number of facts : the rate of 

development of the pre -ovulatory follicle accelerates 3 to 6 days before ovulation, 

when plasma FSH is falling, and while LH is rising. At this time administration of an 

antiserum against a crude gonadotropin preparation inhibits both follicular 

development and ovulation (Pineda and Ginther, 1972), while treatment with an LH- 

like substance (human chorionic gonadotropin) shortens time to ovulation, possibly by 
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increasing follicular maturation rate. When the periovulatory rise in LH is suppressed 

by progesterone administration, follicles develop to approximately 3cm in diameter 

but have a low frequency of ovulation (Evans et al., 1982). Finally, administration of 
a GnRH antagonist to mares during dioestrus delayed the preovulatory increase in 

FSH and LH in treated animals, with an accompanying delay in growth of follicles to 

preovulatory size, and in oestradiol production (Pederson et al., 1997). 

In many other species, in addition to promoting CL development, LH is required for 

maintenance and function of the mature CL. Passive immunisation of ewes with anti - 

bovine LH antiserum results in CL regression (Fuller and Hansel, 1970), whereas 

constant infusion of LH prolongs the luteal lifespan (Karsch et al., 1971). 

In the mare, antibodies to a crude gonadotropin preparation when given at various 

times during the luteal phase cause luteal regression (Pineda et al., 1972). In addition, 

treatment of mares with a GnRH antagonist during dioestrus results in attenuation of 

progesterone concentrations, also indicating a role for LH in CL function (Watson et 

al., 1997). Corpora lutea also tended to be smaller in the treated mares, and luteolysis 

occurred earlier than in control animals. 

To date, studies on LH receptors in the mare have mainly utilised radiolabelled 

hormones in binding assays to assess receptor presence, number and affinity in luteal, 

granulosa and theca cell preparations. One immunohistochemical study, using an 

indirect PAP method, indicated the presence of LH receptors in equine ovarian 

follicles (Tuttle et al., 1991). To our knowledge however, there have been no 

attempts to definitively localise message for LH receptor expression to specific cell 

types or locations in equine follicles or corpora lutea. The objective of this study was 

to identify such sites by in situ hybridisation. As there is no documented probe 

available for the equine LH receptor, it was necessary initially to test heterologous 

probes for cross -reactivity with the equine LH receptor by Ribonuclease Protection 

Assay. 
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6.2. Materials and methods 

6.2.1. Collection of luteal tissue 

CL obtained from six groups (n =5 -11 per group) of mares were used in this study. 

The mares were of mixed breeding, genitally normal, healthy, aged between 3 and 15 

years, and weighing 250- 400kg. Normal patterns of oestrus and ovulation were 

exhibited by the mares throughout the spring and summer. Rectal palpation and 

transrectal ultrasonography were performed every second day throughout the 

oestrous cycle to monitor follicular development. During oestrus they were scanned 

daily until ovulation had occurred (day of ovulation = day 0). 

Four groups of mares were ovariectomised at different stages of dioestrus : early (day 

2 -4), mid (day 7 -10), and late (day 12 -14; pre -luteolytic, and day 16 -17; post - 

luteolytic). 

(These last two groups of mares were confirmed as pre- and post- luteolytic by 

progesterone assay.) 

Another group of mares was ovariectomised during the mid -luteal phase, 24 hours 

after intramuscular administration of a prostaglandin -F2 analogue (Estrumate, 

Mallinckrodt Veterinary Ltd., Uxbridge, Middlesex, UK.; 26311g cloprostenol). 

The last group of mares in the study were bred by artificial insemination, diagnosed 

pregnant by ultrasound scan and subsequently monitored to confirm continuing 

pregnancy up to and at the time of surgery. The ovary containing the CL of pregnancy 

was removed between day 20 and 50 of pregnancy. 

All surgeries were performed under standing sedation and analgesia, as detailed in 

Chapter 2. 

In all cases blood samples were collected by jugular venipuncture into evacuated 

heparinised tubes (Becton Dickinson UK Ltd., Cowley, Oxford, UK) for 2 -3 days 
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prior to, and immediately before surgery for progesterone analysis to assess CL 

function. Blood samples were centrifuged at 2000g for 15 min at 4 °C and plasma was 

stored at -20 °C prior to being assayed. 

6.2.2. Initial processing of samples 

Immediately after surgery corpora lutea and follicles were dissected out of the ovarian 

tissue. All tissue was handled in such a way as to minimise RNase contamination ; 

gloves were worn at all times. and sterile petri dishes and scalpels were used for 

cutting up the tissue samples. All samples were frozen as soon as possible after 

collection. 

Small portions of tissue were foil- wrapped and snap -frozen in a slurry of dry ice and 

isopentane. Frozen samples were then stored at -70 °C prior to use for RNA 

extraction. 

Samples were also snap frozen on cork discs in OCT Compound (Miles Inc., Elkhart, 

IN, USA) in the same manner, and stored at -70 °C until used for in -situ hybridisation 

experiments. 

6.2.3. RNA extraction 

A basic guanidine thiocyanate technique, as described by Chomczynski and Sacchi 

(1987) was utilised for RNA extraction. 

The following protocol is for 1 gram of tissue, and was modified according to the 

amount of tissue utilised. 

Solution D was prepared by adding 100µl of p- mercaptoethanol to 14 ml of 

denaturing solution (4M guanidine thiocyanate in 42mM sodium citrate). 

171 



Immediately after removal from the -70 °C freezer the weighed luteal tissue was 

minced in ice and added to 10m1 of Solution D in a 50m1 polypropylene tube, also on 

ice. 

The tissue was homogenised in the 50m1 tube using an electric polytron homogeniser. 

1.0m1 of 2M sodium acetate, pH 4.0 was added and mixed thoroughly by inversion. 

10.0m1 of phenol saturated with water was added, and again mixed thoroughly by 

inversion. 2.0m1 of chloroform : isoamyl alcohol mixture (24:1) was then added. The 

tube was shaken vigorously for 10 seconds, and then stored on ice for 15 min. 

Samples were then centrifuged at 10,000g for 20 min at 4 °C. 

The upper aqueous phase, containing the RNA, was transferred to a fresh tube, mixed 

with an equal volume of isopropanol, and stored at -20 °C overnight to precipitate the 

RNA. After precipitation the tubes were centrifuged at 10,000g for 20 min at 4 °C. 

The supernatant was discarded, and the remaining pellet was dissolved in 3.0m1 of 

Solution D, containing 0.2mM ß- mercaptoethanol and 0.83% of N -lauryl sarcosine. 

3.0m1 of isopropanol was added, mixed well, and the solution stored at -20 °C for 1 

hour. The solution was then centrifuged at 10,000g for 20 min at 4 °C, and the 

supernatant discarded. 

The remaining RNA pellet was air dried for 15 min and then resuspended in 100µ1 of 

DEPC- treated water. The quality of the extracted RNA was then assessed by 

spectrophotometry and electophoresis. 

6.2.4. Assessment of RNA quality 

6.2.4.1. Spectrophotometry 

Samples of extracted RNA were diluted 1:200 in DEPC- treated water, and the 

absorbance measured in a spectrophotometer. The ratio of the absorbance (A) at two 

different wavelengths, 260nm and 280nm, gives an indication of the quality of the 

RNA. A260 : A280 ratios in the region 1.7 -2.0 are taken to indicate RNA of good 

quality, while values <1.7 are taken to indicate probable contamination with other 
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proteins. In this study values >1.7 were taken as sufficient to proceed with the 

molecular studies. 

The yield of RNA can also be calculated from the absorbance of the RNA at 260nm, 

using the formula : 

RNA (pg /m1) = A260 x 40 x dilution factor (200) 

6.2.4.2. Formaldehyde gel electrophoresis 

A formaldehyde gel was prepared and run using iOµg of RNA from each sample as 

follows: 

Gel preparation 

1.1g agarose 

10m1 10x MOPS buffer 

73ml DEPC- treated water 

were heated together in a microwave until the agarose had dissolved. 

The solution was allowed to cool slightly, then made up to 84.9m1 with DEPC- treated 

water, before adding 5.1m1 of 37% formaldehyde in a fume hood, immediately before 

pouring. The gel was poured and allowed to set at room temperature for at least one 

hour. 

Sample preparation 

For each sample an RNA mix was prepared for gel electrophoresis: 

6µ1 sample (containing 104g RNA) 

12.5µ1 formamide 

2.5µ1 10x MOPS 

4111 formaldehyde 

were mixed together and heated to 65 °C for 10min. 

2.51.11 of gel loading buffer (50% v/v glycerol with 0.1mg /m1 bromophenol blue) was 

then added, and the samples loaded onto the gel. 

The gel was run in lx MOPS buffer at 150 volts until the dye front was approximately 

three -quarters along the gel (approx. 1.5 hr). The gel was removed, stained with 
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ethidium bromide for 30 min, and destained in distilled water for 30 min before 

examining under ultraviolet light for identification of two well -defined bands, which 

correspond to 28S and 18S ribosomal RNA. Lack of these two bands was taken as an 

indication of RNA degradation in that particular sample. 

6.2.5. Riboprobe preparation 

6.2.5.1. Plasmid preparation 

The probe used had been developed for use in ruminants (Xu et al., 1995), and was 

found to be 95 %, 90 %, and 86% identical to the reported nucleotide sequences of 

porcine, human, and rat LH receptors, respectively. Briefly, a 730 -base pair cDNA 

encoding a portion of the extracellular domain of the ovine LH receptor was 

generated from an ovine small luteal cell library by polymerase chain reaction using 

primers corresponding to 100% conserved sequences present in the cDNA sequences 

of rat, porcine, and human LH receptor. The resulting ovine LHr cDNA corresponded 

to nucleotides 193 -922 of porcine and human LHr cDNAs, and following ligation into 

a plasmid, it was subjected to dideoxy sequencing to verify identity. 

The ovine LH receptor cDNA, ligated into the Bluescript II plasmid (Stratagene, La 

Jolla, CA) was grown up on agar plates at 37 °C overnight, before being transferred to 

L -broth (950m1 deionised H2O, 10g bacto -tryptone, 5g bacto -yeast extract, 10g NaCl, 

0.02% ampicillin), and grown for a further 18 hours at 37 °C. DNA was then purified 

from this preparation. 

6.2.5.2. DNA purification 

A Wizard Plus Maxiprep DNA Purification System (Promega Ltd., Southampton, 

UK) was used for DNA purification. 

For all centrifugation steps the bottles used were carefully balanced prior to 

centrifuging. 
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Production of a cleared lysate 

500m1 of cells were pelletted by centrifugation at 5,000g for 10 min at 22 -25 °C in a 

room temperature rotor. The cell pellet was resuspended in 15ml of Cell 

Resuspension Solution. Complete resuspension is critical for optimal yields, and to aid 

this manual disruption of the pellet was necessary, repeatedly pipetting the suspension 

up and down until no visible clumps were visible. 

Cell Lysis Solution (15m1) was then added and mixed gently, but thoroughly, by 

stirring / inverting. Cell lysis was complete when the solution became clear and 

viscous, taking up to 20 min. 

Neutralization Solution (15m1) was then added, and mixed immediately by gently 

inverting the bottle several times, prior to centrifuging at 14,000g for 15 min at 22- 

25°C in a room temperature rotor. 

The solution was then filtered through a Whatman #1 filter paper (Whatman 

International Ltd., Maidstone, Kent, UK) into a clean graduated cylinder, to measure 

the volume of supernatant, which was then transferred to a clean centrifuge bottle. 

Isopropanol (0.5 times the volume of supernatant) was added, mixed by inversion, 

and centrifuged once more at 14,000g for 15 min at 22 -25 °C in a room temperature 

rotor. The supernatant was discarded, and the remaining DNA pellet was resuspended 

in 2m1 TE buffer. 

Plasmid purification 

The DNA Purification Resin provided was `prepared' by warming it gradually to 37 °C 

for 10 min prior to use, to dissolve any crystals or aggregates which may have been 

present. The resin was then cooled to 30 °C before use. 

DNA Purification Resin (10m1) was added to the DNA solution from the previous 

step, and mixed gently. 

One Maxicolumn was set up in a vacuum manifold port of a Vacuman laboratory 

vacuum manifold (Promega Ltd.). 

The DNA / resin mix was transferred into the Maxicolumn, and a vacuum applied to 

pull the mix into the column. 25ml of Column Wash Solution (prepared from the 

solution provided diluted with 170m1 of 95% ethanol for a final volume of 250m1) was 
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added to the column, and drawn through by the applied vacuum. The resin was then 

rinsed by adding 5m1 of 80% ethanol to the column, applying the vacuum to draw it 

through, and allowing an extra minute of vacuum 'draw-through'. 

The Maxicolumn was then placed in a 50m1 screw -top tube (Falcon Tubes, Fred 

Baker Scientific, Runcorn, Cheshire, UK.), and, using a centrifuge with a swinging 

bucket rotor, was centrifuged at 1,300g for 5min. 

The Maxicolumn was removed and replaced on the vacuum source, while both the 

tube and liquid were discarded. The resin was dried completely by drawing a vacuum 

through it for a further 5 min. The Maxicolumn was removed from the vacuum source 

and placed in the provided Reservoir (50m1 screw top tube). Preheated (65 -70 °C) TE 

Buffer (1.5m1) was applied to the column and left for 1 min. 

The DNA was eluted by centrifuging the Maxicolumn / Reservoir at 1,300g for 5 min 

in a centrifuge with a swinging bucket rotor at room temperature. 

At this stage a white pellet of resin fines may be present in the final eluate. However, 

whether visible or not, it is important to separate the fines from the DNA. 

The plunger was removed from one of the 5m1 syringes provided and set aside. The 

syringe barrel was attached to the Luer -Lok® extension of a 0.22µm Syringe Filter 

and the eluate pipetted into the syringe barrel. The filter was centred over a 1.5ml 

eppendorf tube, the plunger carefully inserted into the syringe barrel, and the liquid 

pushed gently into the tube. 

This liquid contained the plasmid DNA, and was stored at 4 °C if being used 

immediately, or at -20 °C for long -term storage. 

DNA assessment 

The quality of the resultant DNA was assessed by spectrophotometry. 

The DNA was diluted to 1/50 and 1 /100 in TE buffer, and the absorbance (A) read at 

260nm and 280nm. 

As for RNA, the A260 : A280 ratio was calculated to give an indication of the quality of 

the prepared DNA. Ratios of 1.7 -2.0 were taken to indicate good quality DNA 

The yield of DNA was also evaluated using the formula : 

DNA µg/m1= A260 x 50 x dilution factor. 
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6.2.5.3. Template preparation 

The plasmid DNA was then cut with the appropriate enzymes to generate the sense 

and antisense probes, which were : 

sense : XBA1 (T7) 

antisense : EcoR5 (T3) 

both from Boehringer Mannheim, Mannheim, Germany. 

For each probe 501.1g of plasmid was added to 200 units of the necessary enzyme, plus 

l0µ1 10x buffer, provided with the enzyme, and sufficient distilled H2O to give a total 

volume of l00111. The solution was mixed, centrifuged briefly and incubated for 2 

hours at 37 °C, followed by overnight incubation at 4 °C. 

Check for linearisation 

The DNA was checked for complete cutting and linearisation by running on a 

standard 1% agarose gel in TAE, (See Appendix Section 2.3.). 

All the `cut' and a sample of `uncut' plasmid had the appropriate amounts of 6x 

loading buffer added before running at 150V until the dye front approached the 

bottom of the gel (approximately 2 hours). The gel was stained in ethidium bromide 

for 40 min, followed by a 40 min destain in water. The resultant bands were examined 

under ultraviolet light to ensure that the DNA had been adequately cut. 

Bands of `cut' DNA were then excised from the gel, and the DNA extracted using a 

QIA Gel Extraction Kit (Qiagen Ltd., Crawley, UK), as per the manufacturers 

instructions. 

DNA extraction 

The DNA fragments were excised from the gel with a clean, sharp scalpel. The 

amount excised was minimised by trimming off any `extra' agarose. The gel slices 

were weighed in eppendorf tubes, and 3 volumes of Buffer QX1 added to each 1 

volume of gel (100mg taken as equivalent to 100111 of Buffer). 
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The tubes were incubated at 50 °C for 10 min. To help dissolve the gel the tube was 

mixed by flicking and inverting every 2 -3 min during the incubation. 1 gel volume of 

isopropanol was added to each tube and mixed. 

To ensure a pH <7.5, necessary for efficient DNA adsorption to the QlAquick 

membrane, 10µl 3M sodium acetate (NaAc), pH 5.0 was also added to each tube. 

A QlAquick spin column was placed in a 2m1 collection tube, sample loaded 

(maximum loading volume = 8000, therefore volumes >8001_11 required multiple 

loadings) and the tube centrifuged for 1 min at 10,000g in a microcentrifuge. The 

flow -through was discarded, and the column replaced in the same collection tube. 

0.75 ml of Buffer PE was added to wash the column, and centrifuged at 10,000g for 1 

min. The flow -through was again discarded, and the column centrifuged for an 

additional minute at 10,000g to ensure removal of residual wash buffer. 

The column was placed in a clean 1.5ml microfuge / eppendorf tube and the DNA was 

eluted by adding 5O0 of H2O to the centre of the column and centrifuging for 1 min 

at maximum speed. 

The quality and quantity of the resultant DNA was assessed by spectrophotometry as 

before (See Section 6.2.5.2.). 

Any RNAses which might have been present were then inactivated by 

Proteinase K Digestion 

For each 8O111 of plasmid 100 10x Proteinase K buffer 

and 10p1 Proteinase K (1 mg / ml) 

Ltd.) 

were added. 

The mixture was incubated at 65 °C for 60 min, before 

PCI : CI extraction : 
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Both an antisense and a sense probe were prepared. 

tRNA 

100mg of tRNA (Sigma Chemical Co. Ltd., Poole, UK) was dissolved in 450µl 

DEPC -H2O. 

101.11 10x Proteinase K buffer and l0111 Proteinase K (5mg/ml, made up freshly) were 

added, and the mixture incubated at 65 °C for 60 min. 

PCI extraction was carried out twice, as was CI extraction (See Section 6.2.5.3.). 

The solution was then dialysed against 10mM Tris/HC1 pH 7.4, 0.1mM EDTA for 24 

hr. After ethanol precipitation (See Section 6.2.5.3.) the resultant pellet was 

resuspended in DEPC -H2O. 

The optical density (OD) was measured in a spectrophotometer at 260nm, and the 

solution adjusted to 10mg/m1 before storing at -20 °C in lml aliquots. 

UTP 

Stock solution was diluted 1:100 with DEPC -H2O, and stored at -20 °C in small 

aliquots. Solution was discarded after use, not refrozen. 

rNLPs 

An equal volume of ATP, GTP and CTP was added to an equal volume of DEPC- 

H2O, and stored at -20 °C in small aliquots. Solution was discarded after use, not 

refrozen. 

Transcription reaction 

All components, apart from the enzymes, were allowed to defrost and come to room 

temperature for 1 hour prior to being used. 

The following components were added together at room temperature in the order 

listed: 

5x transcription buffer 

recombinant RNasin 

180 

2µl 

l µl 



rNTPs 211 

template DNA (0.2 -1 mg/ml) 0.5µl 

[S35] UTP 50uCi 2.5µl 

SP6, T3, T7 RNA polymerase 

(15- 20u1µ1) 0.5µl 

water to total 101,t1 

The solution was mixed well and incubated at 37 °C for 60 min. 

To remove the DNA template following transcription 

tRNA (10mg/m1) 10µ1 

5x transcription buffer 811 

DEPC- treated water 20µ1 

rRNasin 111l 

RQ 1 RNase -free DNase 1 pl 

were added and mixed well. 

An aliquot was removed and diluted 1:10 with DEPC -H2O for determination of 

percent incorporation and specific activity (see next paragraph), and the rest of the 

mixture incubated for a further 15 min at 37 °C. 

Following incubation the rest of the mixture was put through TE Midi Select® -D, G- 

50 Microcentrifuge Spin Columns (5 Prime -3 Prime, Inc.®, Boulder, CO.), as per 

manufacturers instructions to remove unincorporated nucleotides. 

Briefly, the column was inverted several times to fully resuspend the gel, ensuring 

none of the resin remained in the top closure. The top and bottom closures were then 

carefully removed. The column was placed in one of the collection tubes provided, 

securely capped and centrifuged at 13,000g for 90 sec. The collection tube and 

collected buffer was discarded, and the column placed in a second collection tube. 

50µ1 of sample was then carefully applied to the shrunken gel bed, and the tube 

securely capped. The loaded column was allowed to sit for 2 -3 min, and was then 

centrifuged at 13,000g for 60 sec. 
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The labelled nucleic acid was recovered in the collection tube in approximately 50µ1 

of TE buffer. 

As greater than 95% of the unincorporated NTPs will be retained in the column gel, it 

is important that it is disposed of in accordance with local rules regarding radioactive 

waste disposal. 

Determination of percent incorporation and specific activity. 

A 1:10 dilution of the labelled probe removed before the final incubation was 

prepared in DEPC- treated water. 

1µl of the 1:10 dilution was spotted onto duplicate glass microfibre filters (GFD 

filters, Whatman International Ltd., Kent, UK.), allowed to air dry and counted 

directly to determine the total counts (Te) per minute (cpm). 

In duplicate tubes 10 of the 1:10 dilution was added to l0111 of carrier nucleic acid, 

tRNA (10mg/m1), 8911l of DEPC- treated water and mixed well. 500µl of ice -cold 5% 

TCA was added, and the solution left on ice for 5 min. 

The TCA precipitate was then collected using a Vacuman® (Promega Ltd.). 1cm 

GFD filters were placed inside 2ml syringe barrels attached to the Vacuman®, and 

wetted with 1 ml TCA run through. 

The TCA precipitate solution was loaded onto the filters, and washed three times with 

lml TCA, followed by one wash with 3ml of ethanol. A vacuum was applied briefly 

(seconds) to dry the filters before counting, to give the `incorporated count', T;nc. 

Counts 

The dry filters were inserted into scintillation vials, and one pre- measured volume of 

scintillation fluid added to each tube, before counting for 1 min. 

Percent incorporation and specific activity (cpm/µg or p.1) were then calculated, and 

the probes diluted to the required concentration with DEPC -H2O. 
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6.2.6. Ribonuclease (RNase) Protection Assay 

6.2.6.1. Solutions required 

Hybridisation buffer 

10011l 5mM EDTA pH 8.0 (made up with DEPC -H2O) 

900µ1 125mM PIPES (Piperazine- N,N'- bis[2- ethanesulfonic acid];1,4- 

Piperazinediethanesulfonic acid) pH6.8 (made up 

using the disodium salt and pH adjusted with 1M 

HC1) 

2M NaC1 

Digestion buffer 

300mM NaCI 

7.5mM Tris/HC1 pH 8.0 

5mM EDTA pH7.5 

2µg/m1 RNase T1 

401.4m1 RNase A (dissolve at 10mg/mi in 10mM Tris/HCI pH 7.5 and 

15 mM NaCI; boil for 15 min, allow to cool 

slowly, store at -20 °C in 1000 aliquots.) 

(Both RNases from Promega Ltd.) 

Stop solution 

95% formamide 

20mM EDTA 

0.05% Bromophenol blue 

0.05% Xylene cyanol FF 

6.2.6.2. Sample preparation 

l0111 sample RNA (50µg) 
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811l hybridisation buffer 

2O111 formamide 

2µ1 riboprobe (105 cpm) 

were added together. 

`Undigested' and `zero' samples were prepared using 5111 tRNA (10mg/ml, Sigma 

Chemical Co. Ltd., Poole, UK) and 5p1 DEPC -H20. 

All `samples' were incubated for 10 min at 85 °C to denature RNA, followed by 

overnight incubation at 55 °C for hybridisation to take place. 

5000 of Digestion buffer, to digest the ribonuclease, was added and incubated for 30 

min at 37 °C. (Buffer without RNase was used for the `undigested' samples.). 2011l 

10% SDS and 1011l Proteinase K were added, and the solution incubated for a further 

30 min at 37 °C. 

5O0111 isopropanol were added, the solution left at -20 °C for at least 15 min and then 

microfuged at 4 °C for at least 15 min to precipitate out the RNA. 

The supernatant was removed and the pellet was allowed to air dry for approx. 15 

min before dissolving in 50 of Stop solution. 

Prior to loading onto a sequencing gel all the samples, markers (at 1:50) and probe 

dilutions were denatured by heating to 90 °C for 4 min. 

6.2.6.3. `Sequencing' gel 

A SequagelTm Sequencing System (National Diagnostics, Aylesbury, UK) was used to 

analyse the results. 

The glass plates required were washed with distilled H2O, coated with acrylamide 

releasing agent, (S.E.A.- Spray, Continental Laboratory Products Inc.), washed again 

with distilled H2O and wiped. Then both plates and the dividers were rinsed and 

wiped with absolute alcohol. 

The plates were set up with the dividers and sealed together with `parcel' tape, 

ensuring all edges were well sealed. 
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The gel was prepared as per the SequagelTM instructions. 

For a 6% gel 24m1 Concentrate 

66ml Diluent 

and 10m1 Buffer 

were mixed together, and placed on ice. 

800111 of 10% ammonium persulphate , freshly prepared, was added and swirled 

gently to mix. 40µ1 of N,N,N',N' tetramethyl -ethyldiamine ( TEMED) (BDH, Merck 

Ltd., Lutterworth, Leics., UK.) was added, and the solution was again swirled gently 

to mix. 

The solution was poured gently in between the sealed casting plates, being careful to 

avoid bubbles, two shark's -tooth combs applied flat edge first and the gel topped up. 

Bulldog clips were then used to secure the plates together while the gel was left to 

set. 

Once set the clips were removed, and the top of the gel and the combs rinsed with 

distilled water. The combs were cautiously removed, as was the tape, and the glass 

plates carefully washed with tap water. 

The plates were then dried before being placed in the running tank. 

All screws were tightened, and lx TBE buffer (See Appendix) was added to the top 

reservoir. The edge of the well was washed with the same buffer to remove excess 

urea, and the combs added, teeth first, to just touch the base of the well. 

3µ1 of Stop solution was added to each well to check for leaks, and the positions of 

usable wells marked. lx TBE buffer (See Appendix) with 0.6M NaAc was added as 

the bottom buffer. 

The Stop solution was run into the gel for >15 min before pipetting the samples into 

wells. 

The gel was run at 40W until the first dye line reached the bottom of the gel. 

The gel was removed from the tank, and a spatula used to remove the glass plate, and 

the spacers. The gel was carefully laid onto filter paper (Whatman International Ltd., 
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Kent, UK.), the other glass plate carefully removed, and the gel plus filter paper 

wrapped completely in Saran wrap. 

The wrapped film was then laid against Cromex film (Sterling Diagnostic Imaging UK 

Ltd., Stevenage, UK) for 48 -72 hours before being developed in an X -O- Graph 

automatic processor to visualise the result. 

6.2.7. In -situ hybridisation 

As procedures must be kept RNAse free, all glassware used in the fdllog 
procedures was baked at 180 °C for 4 h. All buffers were prepared in DEPC- trread 

water (See Appendix, Section2.2.), and gloves were worn throughout.. 

6.2.7.1. Tissue preparation 

141.tm sections of tissue were cut at -31 °C using a Shandon AS650M (Shandon, UK) 

cryostat and mounted onto Superfrost / Plus microscope slides (BDH, Merck Ltd.s 

Leics., UK.). Once the sections were dry ( <20 min) they were placed in L u« -pry 

plastic slide boxes (BDH, Merck Ltd.) with a small bag of desiccant s ei _-- 

Chemical Co. Ltd., Poole, UK). The boxes were sealed with inoisture F- _ -- 

stored at -80 °C until required. 

Serial sections 611m thick were also taken for H&E staining for better ,. _. 

tissue morphology. 

6.2.7.2. Buffer preparation 

All buffers were prepared in DEPC -H2O. 

4(%) formaldehyde in lx PBS 

100m1 of 10x PBS 

100m1 of formaldehyde 

made up to 1000m1 with DEPC -H20. 
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2xSSC, lx Triethanolamine HCI, 60 %, 80% and 95% Ethanol 

All prepared as straight dilutions of stock solutions. 

Hybridisation buffer 

2g Dextran sulphate was dissolved in 7m1 DEPC -H2O in a disposable siteriae 53.00a 

centrifuge tube, and incubated at 37 °C overnight. 

The following ingredients were then added; 

I Oml deionised formamide (stored subaliquoted at -40°C) 

4m120x SSC buffer 

2000 100x Denhardt's solution 

100µl yeast tRNA (100mg/ml, to give a final conc.. of 5 fi I /n.>> ) 

lml 1M DTT (0.154g in 1m1 DEPC -H2O). 

The solution was mixed, aliquoted into 15 ml centrifuge tubes, are &Diem s -- 

40°C. 

6.2.7.3. Prehybridisation procedure 

The slide boxes were removed from the -80 °C freeze 

temperature (approx. 30 min) before opening. 

Slide sections were transferred to stainless steel racks, and coed ll® 

min at room temperature. 

The following steps were all performed in glass jars, with the sita____s 

steel racks. 

Fixation 

5 min in 4% formaldehyde in lx PBS. 

2 min in2xSSC. 

Acetylation 

10 min in lx Triethanolamine -HCI containing Acetic (( ®.S %))»1 tti7D 

mece tico mm 

350m1, mixing on an orbital shaker. 

2 min in 2x SSC 

Dehydration 

2 min each in 60%, 80 %, 95% and 100% Ethanol. 
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5 min in Chloroform. 

2 min in 100% Ethanol. 

2 min in 95% Ethanol 

Slides were then air -dried under foil in a fume hood for 40 -60 min. 

6.2.7.4. Hybridisation 

Paraflm (Sigma Aldrich, Sigma Chemical Co. Ltd., Poole, Dorset, UK.) squares large 

enough to cover the tissue sections were cut, and laid on clean aluminium foil. 

The 35S labelled probe, from Section 6.2.5.4, was diluted in hybridisation buffer to 

approx. 1 million cpm per 50µl used per slide. 

Polythene hybridisation boxes were lined with 3mm thick chromatography paper 

(Whatman International Ltd., Kent, UK.) dampened with formamide / SSC buffer (lx 

SSC, 50% formamide). The cap of a 15ml centrifuge tube was filled with the same 

solution and placed in the centre of the box, to act as a humidity chamber when the 

box was sealed. 

With a sterile pipette 50µl of probe was pipetted onto each tissue section. 

For each tissue sample two sections were probed with antisense probe. As controls 

for background levels and specificity, adjacent sections were also hybridised with 

probe coding for the sense strand of LH receptor. 

A parafilm square was carefully laid on top of each section, being careful to ensure the 

hybridisation mix covered the entire section, and all air bubbles were extruded. 

The boxes were sealed and incubated at 55 °C for 20 hr. 

6.2.7.5. Hybridisation wash 

All buffers were heated to the desired temperature to avoid high non -specific binding. 

Initial solutions from this stage are radioactive, and must be disposed of in accordance 

with local rules. 

Two beakers were filled with 2x SSC buffer at 55 °C, and placed in a paper lined 

plastic tray. The parafilm on each slide was carefully floated off in the first beaker. 
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Then, keeping the slide vertical, it was dipped 10 -12 times to wash off non -bound 

probe. The dipping procedure was repeated in the second beaker to further reduce 

background signal. Solutions were changed after every 20 slides, and discarded in 

radioactive waste. 

The slides were replaced in the stainless steel racks in 2x SSC at 55 °C, for 15 min on 

an orbital mixer. Solution was discarded in radioactive waste, and the slides washed 

again in 2x SSC at 55 °C on an orbital mixer. 

Slides were then incubated in RNase / 2x SSC buffer (1m1 RNase at 20mg/m1 to 

350m1 SSC) at 37 °C for 1 hr with slow agitation on an orbital mixer, to `mop -up' 

non -specific binding sites. 

Slides were then washed with 2x SSC containing 0.1% (ß- mercaptoethanol (350111 to 

350m1) at 55 °C for 15 min, in a shaking water bath. 

The next wash was performed with lx SSC containing 0.1% (ß- mercaptoethanol, at 

55 °C for 15 min, followed by a wash in lx SSC, 50% formamide containing 0.1% (- 

mercaptoethanol, also at 55 °C for 15 min. 

Slides were then washed twice in 0.lx SSC containing 0.1% (f3-mercaptoethanol, at 

55 °C for 15 min. 

The sections were then dehydrated in 60 %, 80 %, 95% and 100% ethanol, each 

solution for 2 min. 

The slides were air dried before proceeding with the next step as soon as possible. 

6.2.7.6. Emulsion autoradiography 

Preparation of emulsion - in dark room. 

A bottle of Ilford K2 emulsion (Ilford Ltd., Mobberley, UK) was heated in a 

waterbath at 42 -45 °C for 30 min in the dark. At the same time an equal volume of 

Milli -Q water was warmed to the same temperature. After the emulsion had melted it 

was carefully poured into the flask with the water and mixed by swirling gently, to 

avoid creating bubbles. 
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Diluted emulsion was aliquoted into 15ml centrifuge tubes, the tubes wrapped in 

aluminium foil and stored in a light -tight box in a +4 °C fridge, that was never used for 
storing isotopes or organic chemicals. 

Slide emulsion - in dark room 

An aliquot of diluted emulsion was melted in a waterbath at 42 -45 °C for 10 min, and 

poured into a slide dipping chamber also held in the waterbath. 

The slides were individually dipped slowly and smoothly into the dipping chamber. On 

withdrawal the reverse of each slide was blotted, and the slides were then placed 

vertically in a test -tube rack in a light proof box to dry the emulsion overnight. 

The following day the thoroughly dried slides were placed in light -proof slide boxes 

containing bags of desiccant (silica gel, Sigma Chemical Co.). 

The boxes were sealed with tape, covered with foil, and exposed at 4 °C for 2 weeks. 

Development of slides - in dark room 

All solutions were placed in glass slide dishes in a waterbath at 15 -20 °C. 

The slides were left in their light -proof boxes to come to room temperature for 

approx. 1 hr before being transferred to plastic slide racks, and developed as follows : 

2.5 min in Developer (Kodak D -19 -IBI Ltd., Cambridge, UK- diluted 1:1 

with Milli -Q H2O). 

30 sec in H2O wash (Milli-Q H2O) 

3 min in fixer (Ilford Hypam -Ilford Ltd., Mobberley, UK- diluted 1:4 with 

Milli -Q H2O). 

Slides were then rinsed under gently running water for 10 -15 min in the light. During 

this time excess emulsion was scraped off the backs of the slides with a razor blade. 

They were given a final wash in Milli -Q H2O prior to staining. 

6.2.7.7. Haematoxylin / Eosin counterstaining and mounting 

Immediately after washing the slides were stained in Haematoxylin solution (BDH) 

(stock solution of lg/litre diluted 1:1 with H2O to give working strength) for 30 sec. 
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Slides were then washed with tap water for approx. 1 hr. 

The following steps were all carried out in the fume hood, and wearing nitrile gloves. 

Slides were dipped 3 times, 1 sec between dips, in Eosin solution (0.025 %). 

They were then destained by being dipped 5 times in 60% Ethanol, followed by 8 dips 

in 95% Ethanol 

Sections were dehydrated by two dips, of 2 min each in 100% Ethanol, followed by 

two dips of 2 min each in `Kern Sol 30' (Kern Sew Ltd., Cramlington, UK). 

While the slides were in the second wash in Kern Sol 30 they were taken out 

individually, laid flat, two drops of DPX mountant (BDH, Merck Ltd., Leics., UK.) 

added, and a coverslip gently placed on top, being careful to avoid trapping bubbles. 

Slides were allowed to dry completely for 2 days, after which the backs of the slides 

were scraped with a razor blade, and the slides cleaned with 100% Ethanol before 

being stored in a slide box until examined. 

Sections were examined using both light- and dark -field illumination. The intensity of 

the in situ hybridisation signal was assessed subjectively under dark -field illumination, 

and localised to specific cell types by examining the same area under light -field 

illumination. In addition serial sections stained with H &E were examined to give a 

better indication of tissue morphology. 
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6.3. Results 

6.3.1. RNA extraction 

The extracted RNA was all of good enough quality to proceed with the studies, with 

A260:A280 ratios were consistently >1.7. Formaldehyde gel electrophoresis showed two 

well -defined bands that also indicated lack of RNA degradation. 

6.3.2. Ribonuclease Protection Assay 

The results visualised on film showed protected bands of the expected size when 

tested using bovine RNA. This confirmed the presence of LH receptor mRNA in the 

bovine samples tested, and proper functioning of the probe, which, though generated 

originally for use in sheep, had previously been shown to cross -react with the bovine 

LH receptor (Xu et al., 1995). 

Protected bands were also identified with the equine RNA samples tested. Although 

even single base pair mismatches in the equine LHr mRNA would have led to 

different digestion points, and therefore different size protected bands to those seen 

with bovine RNA, these results were taken as preliminary evidence of cross- reactivity 

of the ovine LH receptor probe with the equine LH receptor. 

6.3.3. In situ hybridisation 

A range of samples of equine follicles and CLs from throughout the oestrous cycle 

and early pregnancy were analysed by in situ hybridisation. The spatial distribution of 

LH receptor (LHr) mRNA and the relative hybridisation intensities, compared with 

the background hybridisation intensity as assessed on sections probed with the sense 

RNA probe, were examined in all the sections tested. 
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Detectable transcript levels of LHr mRNA were first detected in a 10mm diameter 
follicle (Fig. 1). Expression was detected in the theca layer, while the granulosa layer 

showed only background levels of expression. 

The level of receptor mRNA expression in the theca layer appeared to increase with 

follicular size. By day 12 of the oestrous cycle, LHr expression appeared to have 

increased in the thecal layer, and expression was also induced in the granulosa layers 

of the largest follicle present on the ovary at that time (Fig. 2). 

This pattern of expression continued in pre -ovulatory follicles ( >30mm diameter), 

with LHr mRNA again detected in both theca and granulosa layers (Fig. 3). 

Expression was somewhat stronger in the theca rather than the granulosa layer, 

though this appeared to be due to a decrease in strength of expression by the 

granulosa cells rather than an increase by the theca cells. 

Expression of LHr mRNA was carried through into the newly formed CL, or corpus 

haemorrhagicum, as seen in Fig. 4 of a day 2 CL. At this early stage of development 

the CL resembles an organising `clot', with strands or cords of luteal tissue amidst 

fibrinous clot -like areas. LHr was localised only to the newly forming luteal tissue 

`strands' at this stage, and, using the high power objective and light -field illumination, 

grains of emulsion can be seen in association with the large, developing luteal cells 

(Fig. 4(b)) 

LH receptor mRNA expression persisted in the CL throughout the oestrous cycle. At 

all times before luteolysis there was abundant expression of message in luteal cells, 

with only a background level of activity in the trabeculae of connective tissue which 

divide up equine luteal tissue, or in the capsule surrounding the CL (Figs. 5 & 6). On 

closer examination under high -power objective and light -field illumination grains of 

emulsion were again evident, associated with large luteal cells (Fig. 5(b)). 
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Figure 1. A 10 mm diameter follicle, under (a) lightfield and (b & c) darkfield 
illumination. (b) is probed with the sense probe, and (c) with the antisense probe. 
Gr = granulosa cell layer, Th = theca cell layer.. Scale bar = 15µm. 



Figure 2. A follicle collected on day 12 of the cycle. (a) under lightfield illumination, (b 

& c) under darkfield illumination. [(b) sense probe, (c) antisense probe.] 
Gr = granulosa cell layer, Th = theca cell layer. Scale bar = 15µm. 



Figure 3. A pre -ovulatory follicle, under (a) lightfield and (b & c) darkfield 

illumination. [(b) sense probe, (c) antisense probe.] 
Gr = granulosa cell layer, Th = theca cell layer. Scale bar = 151.1m. 



Figure 4. Developing CL (day 2) under (a & b) lightfield illumination. Section (b) is 

seen under high -power magnification. 
a) Scale bar = 151.tm. b) Scale bar = 7.511m. 



" e 
Aot 

g!! °`. - i ."t ,.e# . 
" # s . 011 

. 
e S°s. 



e . 

f . 

-x:A 

I 
' 

r. . 
[J 

A 

Figure 5. A mature mid -cycle CL under (a & b) lightfield illumination. Section (b) is 
seen under high -power magnification. 
a) Scale bar = 15µm. b) Scale bar = 7.51.1m. 
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In luteal tissue taken after natural luteolysis (Fig. 7), as indicated by progesterone 

assay results, the level of expression of LHr mRNA was markedly reduced when 

compared with mid -luteal tissue (Figs. 5 & 6), with levels similar to those for the 

sense probe control sections (Fig. 7(b)). 

Twenty four hours after inducing luteolysis by administration of PGF2a there was also 

a change in LHr expression, which seemed to vary with time of the oestrous cycle that 

samples were taken. In a day 12 CL + PG there was an obvious marked reduction in 

expression of LHr mRNA (Fig. 8(c)), with levels again not much different to those in 

the control sections (Fig. 8(b)). However in a day 7 CL + PG there was still strong 

LHr expression evident (Figs. 9), although progesterone levels had already declined to 

<ing/ml. 

In luteal tissue taken in early pregnancy (Figs. 10 & 11), expression of LHr mRNA 

was maintained at levels comparable with that seen in mid- lutéal stage tissue (Figs. 5 

& 6) 

Samples of ovarian stromal tissue from the same stages of the oestrous cycle, 

pregnancy and after PGF2a treatment were also analysed for LHr mRNA expression, 

as controls for the luteal tissue. In all samples examined there was no apparent 

difference in level of expression obtained with the antisense or sense probe (Fig, 12), 

indicating that LH receptor expression was not occurring indiscriminately throughout 

the ovary, but was restricted to follicles and corpora lutea. 

Adjacent sections for all samples were also hybridised with the sense strand of the LH 

receptor probe, and showed no significant signals in the follicles, corpora lutea, or 

elsewhere in the tissue. 
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Figure 7. A post -luteolytic (day 16) CL under (a) lightfield and (b & c) darkfield 

illumination. (b) is probed with the sense probe, and (c) with the antisense probe. 

Scale bar = 1511m. 
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6.4. Discussion 

Autoradiographic studies have shown that, under physiological conditions, the 

appearance of LH- binding sites on ovarian cells is restricted to different populations 

of follicles at given stages (Amsterdam et al., 1975; Bortolussi et al., 1979). The 

identification and cloning of cDNAs for the LH receptor (LHr) of a number of species 

has significantly advanced investigation of the hormonal regulation of such sites 

through studies on receptor messenger RNA (mRNA) content of different ovarian cell 

types (Segaloff et aL, 1990; Piquette et aL, 1991; LaPolt et al., 1990; Smith et al., 

1996). To try to further understand the molecular mechanisms regulating the 

localisation of the LH receptor, a number of studies have also examined the cell - 

specific expression of LHr and its messenger RNA (mRNA) in the ovaries of different 

species by immunohistochemical and in situ hybridisation studies respectively (Peng et 

al., 1991; Xu et al., 1995; Camp et al., 1991; Smith et al., 1996). 

In this study, expression of mRNA for LH receptor in equine ovaries throughout the 

oestrous cycle and early pregnancy was investigated. However as there is no 

documented probe available for the equine LW, it was first necessary to test probes 

utilised in other species, for evidence of cross -reactivity with the equine LH receptor. 

As discussed in Section 6.2.5.1 the probe tested had been developed for use in 

ruminants (Xu et aL, 1995), and, upon sequencing, was found to be 95 %, 90 %, and 

86% identical to the reported nucleotide sequences of porcine, human, and rat LH 

receptors, respectively. In view of these data, and lack of the equine LH receptor 

sequence data, it is highly likely that the equine sequence is going to be at least 85% 

homologous to the ruminant sequence. Under these circumstances we would expect 

there to be at least 10 base differences per 100 bases, which would result in 

approximately 70 base mismatches over the length of the 730 base probe used in the 

assay. As the percentage acrylamide gel used in the assay is designed to give 

maximum resolution in the range of 300 -700 bases, smaller protected bands will run 

near the bottom of the gel, and not be resolved fully. 
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The results of the Ribonuclease Protection Assay confirmed the presence of LHr 

mRNA in bovine RNA samples included as positive controls, and hence the 

functionality of the probe. Along with the results from the equine RNA, this was 

taken as preliminary evidence of cross -reactivity of the LH receptor probe with the 

equine LH receptor. 

High stringency washes were used in the in situ method, ensuring only regions of 

homology with the probe were detected. In conjunction with the low background seen 

with the sense probe, and the fact that the antisense probe behaved as we would have 

expected, this led us to conclude that the probe was cross- reacting, and that we were 

identifying equine LH receptor in the sections tested in the initial in situ hybridisation 

study. On this basis it was then used for the rest of the study. 

Detectable levels of LHr message were first identified in the theca layer of a 1Qmm 

equine follicle. Similarly, in the rat, primordial follicles, and granulosa cells of primary, 

secondary and small tertiary follicles all lacked detectable amounts of LHr mRNA 

(Peng et al., 1991; Camp et al., 1991). 

Our study showed that, during follicular growth, the level of LH receptor mRNA 

increased with follicular size, which agrees with results from studies in rats (Camp et 

al., 1991; Peng et al., 1991) and cows (Xu et al., 1995) where LHr mRNA was also 

first detected in theca cells of developing follicles. The mechanism for the initiation of 

LHr mRNA synthesis in theca cells is not understood, but, in a study by Peng et al. 

(1991) in rats, expression increased with follicle size, and also with administration of 

exogenous equine chorionic gonadotrophin (eCG). In addition, it was found that the 

distribution of LHr mRNA in theca cells was more uniform than in . anulosa cells 

(see later), and the levels of niRNA varied only slightly between the theca cells of 

small and large follicles. An earlier study in the rat (Urlenbroek and Richards, 1979) 

identified LH receptors in theca cells of all healthy antral follicles, both at dioestrus 

and proestrus, but the relative amount was greater in large antral follicles present in 

proestrus_ Overall the data showed an increase in LH receptors both in granulosa and 

theca cells during the 5 day rat oestrous cycle, coincident with the growth of 
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preovulatory follicles. Another autoradiographic study in the rat (Amsterdam et al., 

1975) found that intensity of staining was highest in the theca interna. Again, no 

significant labelling was detected in small (0.3mm diameter) antral follicles, though in 

larger follicles (0.5mm diameter) labelling was detected, confined to the theca layer. 

In the cow, LHr mRNA was also initially expressed in theca interna cells of antral 

follicles, and, again, level of expression increased with follicle size (Peng et al., 1991; 

Camp et al., 1991). Similarly, LH receptor concentrations in theca interna cells 

increased with size in oestrogen- active follicles collected during the follicular phase 

(Ireland and Roche, 1982; Ireland and Roche, 1983a; Ireland and Roche, 1983b). 

However, no relationship between LH binding to theca interna tissue and follicular 

diameter was found in bovine or ovine follicles collected at unknown stages of the 

oestrous cycle (Carson et al., 1979; Spicer et aL, 1986; Henderson et al., 1984). The 

reasons for this discrepancy are not known, but could relate to differences in tissue 

preparation and identification of healthy follicles. In addition it must be remembered 

that the amount of receptor mRNA present may not necessarily equal the level of 

expression of the protein, as there may be regulatory steps involved in translation of 

the protein. In the study by Xu et al. (1995) LHr mRNA expression in theca interna 

cells was found to vary with stage of the follicular wave, being higher in dominant 

follicles collected on day 4 of dioestrus than on any other day, which was in 

agreement with a previous study using cell homogenates (Ireland and Roche, 1983b). 

Xu et al. (1995) had also previously found that theca interna cells of dominant 

follicles collected on day 4 after initiation of the first follicular wave had the highest 

level of mRNAs for two of the major steroidogenic enzymes, cytochrome P450 side - 

chain cleavage (P450scc) and cytochrome P450 17a hydroxylase (P450c17). These 

combined features of dominant follicles on day 4 ensure that the theca interna cells of 

these follicles are capable of producing large amounts of androgen substrates for 

estradiol -170 biosynthesis in the granulosa cells. 

In the rat, expression of LHr message was first detected in granulosa cells when 

follicles reached the tertiary or preovulatory stage (Peng et aL, 1991; Camp et al., 

1991). Results from Camp et al. (1991) indicated that the acquisition of functional LH 
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receptors by the granulosa cells was due to an induction of LHr gene expression, and 

was supported by direct measurements of LHr mRNA levels in small antral vs. 

preovulatory follicles (Segaloff et al., 1990). One study found that even at its 

appearance the abundance of LHr mRNA varied among the subpopulations of 

granulosa cells (Peng et al., 1991). The mural granulosa cells next to the basement 

membrane exhibited the highest level of LHr mRNA, and the level of message 

gradually decreased in granulosa cells located closer to the antrum. This stratified 

pattern of LHr mRNA was most obvious in medium -sized follicles that were 

undergoing maturation, and was less evident in fully grown follicles, where there was 

more uniform expression among the granulosa cells. It was suggested that the 

difference in LHr expression between mural and antral granulosa cells might indicate 

that they respond differently to LH, and that specific cellular microenvironments may 

play an important role in determining the ability of granulosa cells to express LH 

receptor. Antral granulosa cells may express less LH receptor due to the lack of direct 

interaction with thecal cells, or the influence of factors present in follicular fluid. It is 

also possible that mural granulosa cells may synergise with thecal cells to induce 

higher expression of LH receptor. The differences in receptor mRNA expression in 

the different cell subpopulations was also reflected in the appearance of LH / CG 

(chorionic gonadotropin) binding sites observed, and the authors concluded that the 

study extended earlier studies revealing different functional properties of the cells. 

Indeed an earlier in vivo autoradiography study by Uilenbroek and Richards (1979) 

had also observed a variation in LH receptor numbers in granulosa cells, with binding 

of hCG observed only in the mural layer adjacent to the basement membrane. There 

was minimal binding to granulosa cells of small follicles. These authors suggested that 

the increased follicular production of oestradiol together with basal concentrations of 

FSH stimulate the appearance of LH receptors in granulosa cells of preovulatory 

follicles. Thus, once selected, developing preovulatory follicles can become more 

responsive to LH by an increase in LH receptors in the theca and granulosa cells 

without major changes in the gonadotrophin concentrations. Two other 

autoradiography studies on rats have also reported far higher levels of hCG binding in 

the mural granulosa layers adjacent to the basement membrane, with labelling 
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decreasing abruptly towards the inner layers, and oocytes and cumulus oophorous 

cells unlabelled (Amsterdam et al., 1975; Bortolussi et al., 1979). Bortolussi et al. 

(1979) described the appearance and increase in LH/hCG binding sites as spreading 

centripetally in rat granulosa cells. They suggested that this correlated with patterns of 

differentiation, since, during late follicular growth several features, such as early 

ultrastructural signs of luteinisation, also appear and spread through the granulosa 

cells from the periphery to the luminal surface of the follicle. In addition, the cumulus 

cells, which do not undergo luteinisation, do not acquire the ability to bind LH/hCG 

either. 

In bovine granulosa cells LHr mRNA was detected only in healthy follicles >9mm in 

diameter (Xu et al., 1995), and previous studies have shown that LH receptor 

concentrations in granulosa cells increased with follicle size (Ireland and Roche, 1982; 

Ireland and Roche, 1983a; Spicer et al., 1986). Another study in the cow found that 

granulosa cells from follicles as small as 4.5mm in diameter could respond to LH 

stimulation (Jolly et al., 1994). The reason for the discrepancy in the size at which 

granulosa cells first acquire LH receptors are not known, but could relate to 

differences in technique sensitivity or specificity between the two studies. However, in 

support of the study by Xu et al. (1995), Jolly et al. (1994) concluded that response 

to LH stimulation by granulosa cells was generally low or not detected in follicles 4 -8 

mm in diameter, but it then increased linearly with increasing follicle diameter >1= 

8mm. Xu et al. (1995) found that prior to physical identification of the dominant 

follicle (i.e. on days 0 and 2) no follicles expressed LHr mRNA in the granulosa cells, 

despite the fact that some of these follicles were as large as 8mm. The authors 

concluded that critical changes must have taken place between day 2 and day 4 that 

enabled one follicle in each animal to assume dominance. However, while the study 

did show a definite association between the expression of LH receptor in granulosa 

cells and dominance, a cause -effect relationship could not be established. A more 

frequent sampling regime of follicles between day 2 and day 4 was suggested as a 

method to try and further investigate the issue, and to determine whether or not only 

one follicle from among a cohort of recruited follicles acquires LH receptors in the 
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surge. Studies in rats have found dramatic reductions in LHr mRNA following the 

ovulatory surge of LH, or administration of an ovulatory dose of hCG (Segaloff et al., 

1990; LaPolt et al., 1990). 

In our study the latest stage that samples were taken was day 18 of the oestrous cycle. 

At this stage the presumptive ovulatory follicle still showed strong expression of LHr 

in both granulosa and thecal layers, though there did appear to be a slight decrease in 

strength of expression by the granulosa cells. No follicles were obtained later in 

oestrus, therefore we can not say for definite whether or not there was a down - 

regulation of the LH receptor during this period of elevated plasma LH levels. 

The study in the mare by Fay and Douglas (1987) also reported an increased content 

of LH / hCG receptor in the thecal component of the presumptive ovulatory follicle of 

mares at day 14 of the cycle, when compared with non -ovulatory follicles from the 

same stage mares. The authors suggested that this could be indicative of the 

mechanism whereby one follicle becomes dominant. An increased thecal LHr content 

in the dominant follicle would allow for an increased ability to produce aromatisable 

substrate for oestradiol production when compared with non -ovulatory follicles. 

However, as mentioned earlier, studies in cattle (Xu et al., 1995) suggested changes 

in LHr content of granulosa cells as markers for dominance in a follicle. It has also 

been suggested (Bogovich et al., 1981) that presumptive ovulatory follicles have a 

requirement for LH which acts to increase thecal cell function and androgen synthesis, 

thereby selectively permitting follicles to produce oestradiol, a critical step in the final 

maturation of follicles destined to ovulate. 

Collectively, studies in a number of species indicate that follicular fluid oestradiol 

concentrations are a reliable indicator of follicular growth and maturity (Webb and 

England, 1982; Ireland and Roche, 1983a; McNatty et al., 1979). Studies in the mare 

have reported higher concentrations of progesterone in larger preovulatory follicles 

than in smaller, less mature follicles (Fay and Douglas, 1987; Watson and Hinrichs, 

1988). One of these studies (Watson and Hinrichs, 1988) also showed that in the mare 

oestradiol concentrations in follicular fluid do not increase in the period immediately 

before ovulation. This differs from some other species where a drop in oestradiol 

concentration is seen in the preovulatory follicle. This may be related to the difference 
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in the preovulatory LH profile in the mare, where the LH surge is relatively 

prolonged, with peak concentrations not being observed until after ovulation, 

whereas, in other species, ovulation occurs several hours after peak plasma LH 

concentrations. 

Another study in the horse (Sirois et al., 1990) which utilised cultures of pieces of 

follicular wall to study preovulatory follicle steroidogenic capacity concluded that 

although concentrations of steroids in follicular fluid were good indicators of follicular 

health, that they did not mirror changes in steroidogenic capabilities of presumptive 

ovulatory follicles during their final stages of development. Concentrations of 

progesterone were no different among stages of follicular development, and 

concentrations of oestradiol produced were maximal in late oestrous follicles. The 

authors also concluded that the developmental transition from late dioestrus to late 

oestrus was characterised by a marked decrease in follicular responsiveness to 

gonadotrophins, most likely due to down -regulation of receptors. 

A study on immunohistochemical localisation of LH receptors in equine ovarian 

follicles, incubating sections with hCG, and detecting binding sites with anti -hCG 

monoclonal, simply reported that follicles classified as putative ovulatory had a more 

intense inumnostain than non -ovulatory follicles. They also found that more putative 

ovulatory follicles exhibited immunostaining localised to the plasma or nuclear 

membrane of the granulosa cells (Tuttle et al., 1991), which somewhat contradicts the 

findings of Fay and Douglas (1987) of increased LH receptor content in the thecal 

component of the presumptive ovulatory follicle. In our study LHr mRNA was first 

detected in the theca cells of follicles >10mm. Expression of LHr message by 

granulosa cells only became apparent in follicles collected after day 12 of the oestrous 

cycle, and expression continued in both theca and granulosa cells in follicles collected 

after day 16. This was the latest stage of the cycle that samples were taken, and the 

follicles examined were the largest present on the ovary at that time, and were 

therefore classified as the presumptive preovulatory follicle. When compared with 

follicles from early in the cycle they did display a stronger hybridisation signal, as both 

theca and granulosa layers were `positive'. Nevertheless there did appear to be a 

slight decrease in expression by granulosa cells when compared with samples taken 
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from days 10 -12 of the cycle. However, as the amount of receptor message was 

assessed only visually, we can come to no definitive conclusions regarding the relative 

amounts of mRNA present at the different time points examined. 

A study in the rat (Camp et al., 1991) found LHr mRNA expression in luteal cells of 

some, but not all, corpora lutea, with highest expression in metoestrus and dioestrus. 

An autoradiographic study, also in the rat, identified LH/hCG binding sites in the CL, 

but at a much lower level than in the preovulatory follicle (Bortolussi et al., 1979), 

and the authors suggested that this may signify a decrease in the number of sites 

during luteinisation. Level of hormone binding then increased until luteolysis. Another 

study found that although the LHr and its mRNA are reduced dramatically by the 

ovulatory surge of LH, in pseudopregnant rats the appearance of prominent corpora 

lutea was accompanied by increased hCG binding (LaPolt et al., 1990). This induction 

of LH receptors was also associated with increased LHr mRNA levels, although 

ovarian LHr content increased much more than LHr message levels. The authors 

suggested therefore that, in addition to increased message content, the luteinisation 

process may involve enhanced translation of LH receptors, their post -translational 

modification and / or decreased receptor turnover. In the ovine, expression of LHr 

mRNA also varied at different stages of the luteal phase (Smith et al., 1996). Higher 

amounts of message were detected during the mid -luteal phase (day 10 and 13) than 

in either the early (day 3) or the late (day 16) luteal phases, as determined by 

Ribonuclease Protection Assay. In the same study, in situ hybridisation specifically 

localised LHr mRNA within CL collected on days 3 and 10, with very little 

hybridisation detected within the adjacent ovarian stroma. Hybridisation within the 

luteal tissue appeared to be cell specific, as silver grains were clearly detectable in the 

cytoplasm of cells with the characteristics of small and large luteal cells. When levels 

of LHr mRNA were measured within pools of purified small or large luteal cells 

relative amount of message were not significantly different within the two 

steroidogenic luteal cell populations. Another study in sheep, utilising Northern Blots 

for mRNA analysis found concentrations of mRNA encoding the LHr on day 6 of the 

cycle were not different from maximal values (Guy et al., 1995). However numbers of 
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receptors for LH on day 6 were still low in both ovine luteal tissue and isolated luteal 

cells, suggesting that concentrations of mRNA encoding for LHr are elevated before 

numbers of receptors for LH are increased. In addition, in contrast to the findings of 

Smith et al. (1996), the same study found that small luteal cells contained 4 -8 fold 

greater concentrations of LHr mRNA than large luteal cells on all days of the cycle 

examined. The authors also suggested that the differences in LHr mRNA may be even 

greater than those reported if details of the cell purification process were taken into 

consideration, and it was concluded that the differences in concentrations of LHr 

mRNA in the two steroidogenic luteal cell types reported in the study were 

conservative estimates, which would bring the results into line with a previous study 

(Harrison et al., 1987). 

An earlier study in the horse utilised crude luteal membrane preparations and 

radiolabelled hormones to evaluate LH receptors during the postovulatory period 

( Roser and Evans, 1983). There was a significant correlation between serum 

progesterone and LHr number, increasing up to day 13 post -ovulation, and then 

declining, which is in agreement with studies in other species (Spicer et al., 1981; 

Ziecik et al., 1980; Diekman et al., 1978). Also in agreement with these other species 

was the finding that maximum binding of hormone to equine luteal tissue was 

observed in tissue collected from the mid -luteal phase of the cycle. However as only 

crude luteal membrane preparations were used in the study the localisation of LHr 

could not be determined. In our study we localised LHr mRNA to specific cell types 

in the follicle and CL but level of expression was not quantified, so no direct 

comparisons with other studies can be made. 

Another, more recent, study in the horse (Broadley et al., 1994) characterised the 

different, steroidogenic cell types present in the mare CL, and the presence of LH 

receptors throughout the luteal phase. The study was carried out using luteal cells 

obtained by either mechanical or collagenase dissociation of luteal tissue. Tissue was 

also examined histologically, and it was confirmed that the morphology of the mare 

CL is quite unlike that of sheep and cattle. Whereas large and small cells are highly 

interspersed in the ruminant CL, in the mare there are distinct trabeculae of small 

cells, with small cells also lying between the large cells. An early study on the equine 
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CL (Harrison, 1946) suggested that cells in the trabeculae originated from the theca 

interna, and another group later stated that only the granulosa layer contributed to the 

CL (Van Niekerk et al., 1975). Most subsequent structural and functional studies 

have focused on the large cells in the mare CL (Levine et al., 1979; Roser and Evans, 

1983) and have not considered the contribution of small cells to luteal function. In the 

study by Broadley et al. (1994) populations of both large and small cells were 

identified in equine CLs, and it was concluded, after further studies, that at least a 

proportion of the small cells were luteal in nature, exhibiting both LIT binding and 

progesterone secretion. The study by Albrecht and Dads (1997) also described two 

populations of luteal cells, large and small, both of which displayed steroidogenic 

enzyme activity. Watson and Sertich (1990) likewise described distinct populations of 

large and small luteal cells. A later study by Watson and Thomson (1996) suggested 

that the large luteal cells themselves were not a homogenous population, and that they 

differed in their steroidogenic capabilities. A study by Kelly et al. (1988) had also 

previously identified two cell populations in the equine CL. LH binding studies using 

luteal homogenates revealed the presence of a single class of high- affinity LH binding 

sites, which is in agreement with earlier work by Roser and Evans (1983). However in 

contrast to that study, Broadley et al. (1994) found that the number of binding sites 

and receptor affinity did not change significantly from day 3 to days 10 and 14. They 

also showed a higher degree of binding than that shown by earlier studies (Roser and 

Evans, 1983; Stewart and Allen, 1979), though it may be difficult to compare studies 

as there were differences in techniques used, and units used for expression of binding. 

In our study expression of LHr mRNA was detected in the CL from day 2 of the 

oestrous cycle right through until luteolysis had occurred. In the early CL, receptor 

expression was localised to the strands of developing luteal tissue amidst the rest of 

the clot -like material of the corpus haemorrhagicum formed by the rapid, bloody 

infilling of the large ( >35mm) follicle at ovulation. Silver grains of emulsion were 

observed in association with cells identifiable as developing luteal cells, originating 

from the granulosa layers. Throughout the oestrous cycle there was abundant 

expression of LHr message in luteal cells, with only a background level of activity in 

the trabeculae of connective tissue dividing up the CL, or in the capsule. Again, under 
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high power magnification and light -field illumination, grains of emulsion were evident, 

associated with the luteal cells. Although the processing of the sections led to 

deterioration in the tissue morphology, in conjunction with examination of the serial 

sections stained with H &E, it seemed that we were identifying LHr message in both 

large and small cells of the CL. This would agree with the findings of Broadley et al. 

(1994), who also identified LH binding in two populations of luteal cells. 

There are few reports on the changes in LH receptors in the CL at the time of natural 

luteolysis. Bortolussi et al. (1979) reported a sharp decrease in LH/hCG binding sites 

associated with the onset of luteolysis in the rat. Old corpora lutea, from preceding 

cycles had no appreciable uptake of labelled hormone in the autoradiographic study. 

The study by Roser and Evans (1983) in the horse reported a decrease in receptors 

per CL, receptor affinity and serum progesterone in the first three days after the start 

of luteal regression, which was as long as they continued the study. The in situ 

hybridisations performed in this study revealed a marked reduction in LHr mRNA 

expression following natural luteolysis. Intensity of expression was far less than in 

mid -luteal tissue, and not much greater than background levels. 

A few studies in other species have looked at the changes in LHr expression 

associated with artificially (PGF2a) induced luteolysis. In the sheep, LHr mRNA 

content declined rapidly during PGF2a- induced luteal regression (Smith et al., 1996). 

By 6 hours after injection there was a significant decrease in LHr mRNA content, and 

by 24 hours after injection, relative amounts were approximately 60% of initial values. 

Assay of serum progesterone concentrations verified that all animals injected with 

PGF2a responded with a decrease in serum progesterone. Another study in sheep 

found that concentrations of mRNA encoding LHr were decreased within 4 hours of 

PGF2a infusion, and continued to decline right up to the end of the experiment at 24 

hours after infusion, when levels were reported to be 18% of that seen in control 

animals (Guy et al., 1995). The variance in magnitude of effect of PGF2a in these two 

studies may be due to differences in the dose and route of administration of PGF2a 

utilised in the experiments. In the first study mentioned (Smith et al., 1996) animals 
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received 15mg PGF2a by intramuscular injection, whereas in the second study (Guy et 

al., 1995) animals were administered 4751.tg PGF2a by arterial infusion. This method 

of administration was chosen to allow precise timing of tissue collection relative to the 

initiation of the actions of PGF2a. 

A study on the effects of PGF2a on LH receptors in the equine CL (Roser et al., 

1982) looked at crude luteal membrane fractions prepared from tissue taken up to 36 

hours after intramuscular injection of 10mg PGF2a. There was no significant change in 

the mean number of LH receptors per CL until 36 hours after treatment, when there 

was a decrease of 89 %. However treatment had no effect on receptor affinity. Serum 

and luteal progesterone values were significantly reduced before the loss in luteal LH 

receptors was detected. It would seem therefore that the rapid luteolytic effect of 

PGF2a was not due to an initial loss of LH receptors, which is in agreement with 

reports for other species (Spicer et al., 1981; Diekman et al., 1978). The authors 

concluded that the loss of receptors seen in their study was associated with a long- 

term effect which included a second significant decline in luteal progesterone from 12 

to 36 hours and significant morphological degeneration of the luteal cells by 36 hours. 

In the study reported here mares were administered 263µg of cloprostenol, a PGF2a 

analogue, by intramuscular injection, and tissue was collected 24 hours later. There 

was some variation in the results seen. In a day 12 CL there was an obvious marked 

reduction in expression of LHr mRNA, while a day 7 CL still exhibited strong LHr 

expression 24 hours after treatment. In both cases progesterone levels had decreased 

to <1nglml at the time of surgery. It may be that the CL taken at day 12 of the 

oestrous cycle was already beginning to undergo natural luteolysis at the time of 

administration of the PGF2a analogue, which would explain the decrease in expression 

of LHr mRNA seen. In the study by Van Niekerk et al. (1975) degeneration of equine 

luteal cells was described as starting on day 12, with cell diameter and progesterone 

secretion progressively decreasing. In the study reported here there could also have 

been differences in absorption of the drug from the injection site, although this would 

not tie in with the reduction in progesterone levels seen in these animals. The 

maintenance of strong receptor expression in the day 7 CL after treatment would fit in 
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with the results on Roser et al. (1982) in the horse, and with results from other 

species (Diekman et aL, 1978; Spicer et al., 1981) where there were no initial changes 

in LH receptors after PGF2a administration. Studies in man also report a maintenance 

of luteal LH receptors while progesterone production is falling (Duncan et al., 1996), 

and it was suggested that functional luteolysis may be associated with an increasing 

block to steroidogenesis downstream of LHr binding. However, these all contradict 

the results from the more recent studies in sheep (Smith et aL, 1996; Guy et aL, 1995) 

quoted earlier, which reported losses in LHr mRNA by 24 hours after PGF2a 

treatment. Further studies, on a greater number of tissue samples, taken at different 

times after PGF2a / analogue treatment would be necessary to clarify this issue. It 

would also be necessary to better standardise treatment administration to try to rule 

out individual animal variation. 

Diekman et al. (1978), in a study in sheep found no difference in the number of luteal 

LH receptors, or their affinity, between day 12 of the oestrous cycle and days 12, 16 

or 20 of pregnancy. They concluded that an increase in number or affinity of LH 

receptors did not appear to be the signal for maintaining the CL of pregnancy, but 

rather that CL regression was an active lytic process, and that pregnancy may prevent 

these luteolytic events, or other, possibly embryonic, factors may be involved in 

maintenance of the CL of pregnancy. A study in the rat (Segaloff et aL, 1990) 

reported a dramatic reduction in LHr mRNA after the ovulatory LH surge, with 

ensuing pregnancy bringing about a recovery in LHr expression. Receptor mRNA was 

undetectable on the first day of gestation. However, by day 4 of pregnancy receptor 

mRNA levels were elevated, and maximal levels were reached between days 7 -15. 

This peak level of expression was comparable to the level observed in preovulatory 

thecal cells, and was about 2 -fold higher than that observed in preovulatory granulosa 

cells. During the time of functional luteolysis (days 19 -23 of gestation) the content of 

LHr mRNA decreased. Studies in the human have found that LH receptor was 

maintained throughout the functional lifespan of the CL, and was not down -regulated 

during maternal recognition of pregnancy (Duncan et aL, 1996). In our study equine 

luteal tissue taken in early pregnancy maintained expression of LHr mRNA at levels 
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comparable with mid -luteal tissue. This is in agreement with findings in other species. 

However as quantitative analysis was not undertaken in this study it is not possible to 

allocate anything more than a subjective assessment of intensity of LHr expression to 

the different time -points examined. 

A study of gonadotropin receptor localisation in the rat ovary (Camp et al., 1991) 

reported the presence of LHr mRNA in interstitial tissue in the ovary throughout the 

oestrous cycle, although there was considerable day to day variation in the level of 

expression. No comments or theories regarding this finding were made by the authors. 

Other studies in the rat, and in other species generally make no mention of either the 

presence or absence of LH receptors in the ovarian interstitial tissue. The study by 

Smith et al. (1996) in sheep proves the exception. They reported that very little 

hybridisation was detected within the ovarian stroma adjacent to the CLs in their in 

situ study. In our study samples of equine ovarian interstitial tissue from the same 

stages of the oestrous cycle, after PGF2a, treatment, and pregnancy as the follicular 

and luteal tissue examined, were also analysed for LW mRNA expression. In all 

samples examined there was no apparent difference in intensity of staining with the 

antisense or sense probe, no variation in this background level of expression with 

stage of the oestrous cycle, PGF2, treatment or pregnancy. 

In conclusion, we have identified and localised LH receptor mRNA expression in 

equine follicles, and corpora lutea, throughout the oestrous cycle, after exogenous 

PGF2,,, administration and in early pregnancy. Further studies on follicle populations 

taken at frequent time -points during oestrus would help to try to further clarify the 

role of the LH receptor in the pre -ovulatory follicle. Studies of the different cell 

populations of the CL for LH receptor expression would also help to fill in gaps in our 

knowledge about the equine CL, its cells and their functions. 
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Chapter 7 

General Discussion 

'What I tell you three times is true' 

The Bellman, The Hunting of the Snark - Lewis Carroll 

Although the ovarian events and, to some extent, the endocrine events that take place 

during the equine oestrous cycle have been known for some time, many of the details 

of follicular development, maturation and ovulation, corpus luteum formation and 

function, and luteolysis remain a mystery. There is often a high degree of veterinary 

input in mare breeding. A considerable portion of the official breeding season for 

thoroughbreds takes place before mares begin to cycle naturally. This has led to 

development of methods to advance the onset of normal oestrous cycles, using 

photoperiod, and more recently hormonal, manipulation. In addition, the ageing of all 

thoroughbreds on the 1st January means that breeders want foals born as close to that 

date as possible to try to gain an advantage in later life. Therefore manipulation and 

shortening of oestrous cycles is often requested by breeders to try to reduce `wasted' 

time between oestrus periods. The increasing use of assisted reproductive techniques, 

such as artificial insemination and embryo transfer in non -thoroughbred mares has also 

increased the need for tighter control of the mares oestrous cycle and oestrus periods. 

Although the mare is unique among domestic species with regard to many aspects of 

her reproductive physiology, in common with other species is the fact that the corpus 

luteum (CL) is pivotal in both the oestrous cycle and early pregnancy. The luteolytic 

process in the mare has not been investigated to the same degree as in some of our 

other domestic species, and there is considerably less information available regarding 

luteolysis in the mare. Prostaglandin Fla (PGF2a) is accepted to be the hormone 

responsible for initiation of the luteolytic process in ruminants. In the mare however, 

the situation with regard to the role of PGF2a in luteolysis is not nearly as clear -cut, 

for reasons which were explained in Chapter 1. Yet, in practice, the commonest 
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method of `short- cycling' a mare is by administration of exogenous PGF2a. However, 

the equine CL is only responsive to PGF2a for one third of the oestrous cycle, which is 

just half the lifespan of the CL. Development of additional or alternative therapies for 

induction of luteolysis would be very beneficial to veterinarians, who frequently have 

no idea of the stage of dioestrus a mare is in when he /she is asked to short-cycle the 

animal. A better understanding of the luteolytic process in the mare can only help in 

advancing this goal. In addition, it is essential that experiments are carried out using 

horse tissue, as studies on the mechanisms involved in other species cannot be directly 

extrapolated to the mare due to the unusual characteristics of her reproductive 

biology, which have been discussed in Chapter 1. 

The aim of the studies reported here was to try to elucidate some of the mechanisms 

involved in luteolysis in the mare. As this has been a largely neglected area of research 

in the equine, the number of potential factors necessitating investigation are 

numerous. 

Our studies initially investigated whether there was any evidence of immune system 

involvement in the luteolytic process in the mare. It has become increasingly apparent 

in recent years that there are considerable interactions in function between the 

reproductive and immune systems (Seamark et al., 1992; Tabibzadeh, 1994). The 

cells of the immune system have been identified as a means by which the immune 

system may affect ovarian function throughout the oestrous cycle in a number of 

species (Brannstrom and Norman, 1993; Pate, 1995). The presence of immune cells in 

the cow CL was first recorded in 1968 (Lobel and Levy, 1968). They were initially 

thought to be there because of the great vascularity of the CL, and also to be involved 

in destruction of luteal tissue at the end of the luteal phase (Paavola, 1979). As our 

knowledge with regard to immune cells, their products and their potential mechanisms 

of action has expanded, it has become apparent that they can readily affect other cells 

in the body. At the same time it has led to researchers questioning whether immune 

cells have more than a passive role to play in the CL. If they do have a significant part 

to play in ovarian function, then it would be expected that their numbers in ovarian 

structures such as follicles and CL would vary with stage of the oestrous cycle, and 
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particularly at the time of key events such as ovulation and luteolysis. Our aim was to 

examine the equine CL at different stages of the oestrous cycle, to try to identify what 

immune cell populations were present, and whether these varied with stage of the 

cycle. In addition, as expression of MHC class II antigen has been suggested as a 

trigger to activate immune cells in the ovary (Fairchild Benyo et al, 1991), the 

expression of this antigen by equine luteal cells was also investigated. 

Various immune cells were identified in the equine CL at all stages of the oestrous 

cycle examined, and in early pregnancy, and populations of some of these cells were 

found to vary with stage of the cycle. The differential migration of lymphocytes into 

and out of the equine CL, particularly the apparently selective infiltration of CD8+ 

cells into the CL prior to functional luteolysis may suggest a physiological role for 

these cells in control of ovarian function. Our results suggested that there may also be 

an influx of macrophages into the equine CL prior to functional luteolysis, which 

could also be important in the demise of the CL. As both these cell types are rich 

sources of potent cytokines, their identification in the equine CL may be very relevant 

to its function. In addition, the identification of decreased numbers of both these cell 

types in the CL of early pregnancy supports the theory of a role for them in the 

luteolytic process. We failed to detect MHC class II antigen expression by equine 

luteal cells at any stage of the cycle examined, or in early pregnancy, either 

immunohistochemically or by flow cytometry. Although increased expression of this 

antigen was detected immunohistochemically in post -luteolytic (day 16 -17) tissue, this 

did not occur on luteal cells, but appeared to reflect the increased number of immune 

cells present in the CL as it underwent structural luteolysis. This finding differs from 

studies in the cow (Fairchild Benyo et al., 1991) and sheep (Kenny et al., 1991), 

although it is in agreement with more recent findings in the cow (Anderson, 1997). 

The methods of cell preparation in these studies may be critical to these results, as 

some cell isolation procedures are known to result in cell membrane damage, and may 

also cause cell activation. 

Our results from tissue taken after artificial induction of luteolysis using PGF2a, 

indicate that the processes occurring in this tissue are quite different to those seen in 

tissue undergoing natural luteolysis. As the standard dose of PGF2a, used to induce 
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luteolysis is of a supraphysiological nature, it would seem that the `natural' order of 

events is disrupted in these circumstances. 

During our flow cytometric studies of MHC class II antigen expression by equine 

luteal cells, equine white blood cells were used as the positive controls throughout the 

study. From this it became apparent that the results we were getting regarding MHC 

class II expression by equine lymphocytes were markedly different to those reported. 

Further experiments were carried out in an attempt to confirm our observations and 

further clarify this matter. 

Single colour flow cytometry results were as seen for our control PBL in earlier 

experiments, and consistently identified far fewer MHC class II positive cells than has 

been reported previously (Crepaldi et al., 1986; Lunn et al., 1993; Barbis et al., 

1994). Cells were then examined for double staining with an anti -cell phenotype 

antibody and an anti -MHC class II monoclonal. Populations of cells positive for 

individual monoclonal antibody staining and dual staining were identified, and once 

more some of our findings differed markedly from published results. The percentages 

of PBL identified as different lymphocyte subpopulations were generally in agreement 

with other studies, while our percentages of MHC class II positive cells were 

considerably lower than published results. Our two -colour flow cytometry results 

were also very different to those published. The earliest study reported MHC class II 

expression by equine PBL to be in the order of 50 -97 %, with 40 -98% of T -cells and 

virtually all B -cells expressing the MHC class H antigen (Crepaldi et al., 1986). All 

later studies published similar results, though large variations in T -cell MHC class II 

expression were also reported (Monos et al., 1989), as well as large variations in 

expression between individual animals. All studies reported that virtually all equine B- 

lymphocytes expressed the MHC class II antigen. In our study Class H positive B- 

cells accounted for a mean of 14% of total PBL, approximately half of the entire B- 

cell population identified by single colour analysis. Our results for T- lymphocyte 

MHC class II expression were also notably lower than those published, with a mean 

of only 4.5% of CD5+ T -cells also expressing the MHC class II antigen. Although 

some of our results fall within the large ranges of results reported in some studies, in 
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general there are large discrepancies between our results and earlier studies (Crepaldi 

et al., 1986; Monos et al., 1989; Lunn et al., 1993; Barbis et al., 1994). Although cell 

preparation procedures can alter expression of surface antigens and / or level of 

cellular activity, they would be unlikely to cause such a marked variance as that seen 

here. 

Our results seen after subjecting cells to activation / proliferation assay did not help to 

clarify the issue, with no increase in MHC class II expression evident after 

`activation', although we did have blast type cells present in the cell preparations. 

To prove that the anti -MHC class H antibodies used in our study were cross -reacting 

and definitely identifying equine MHC class II antigen SDS -PAGE and Western- / 

immuno- blotting were performed, using both equine antigen, and sheep antigen as a 

positive control. Our results indicated that the antigen identified by the monoclonal 

antibodies was indeed MHC class II. As some of the other equine studies had also 

characterised their MHC class II monoclonals, for evidence that they were identifying 

MHC class II antigen, we still came no closer to having an explanation for the 

differing results reported. 

The importance of studying MHC class II expression in any species has been 

discussed in Chapter 3, and it would appear that much work is still necessary in the 

equine to definitively identify the MHC class II subtypes expressed by equine cells, 

and their precise distribution. Only when this has been achieved can we hope to make 

progress towards identifying possible MHC class II - disease associations. 

Although different cell populations have been identified in the ovaries of a number of 

different species throughout the oestrous cycle (Bagavandoss et al., 1991; Standaert 

et al., 1991; Brannstrom et al., 1994b; Anderson, 1997, and Chapter 2), there is very 

little information concerning the presence and chemical nature of whatever signalling 

process is involved in attracting leucocytes into ovarian tissue, and whether this signal 

is derived specifically from ovarian tissues. Despite the identification of several ill - 

defined substances with chemotactic properties in follicular fluid from bovine, ovine, 

human and equine sources, the tissue of origin has not been described (Murdoch, 
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1987; Seow et al., 1988; Murdoch and McCormick, 1989; Watson et al., 1991; 

Sirotkin and Luck, 1995). Infiltration of lymphocytic cells into the bovine CL has 

been reported to occur on approximately day 14 of the oestrous cycle (Lobel and 

Levy, 1968), prior to the onset of luteolysis. Studies on movement of immune cells 

into postpartum and cyclic CL (O'Shea and Wright, 1985) appear to indicate that the 

rapid infiltration that occurs during the oestrous cycle (Murdoch, 1987) is actively 

initiated by a signal from the reproductive to the immune system. Luteal tissue taken 

from PGF2Q treated ewes has been reported to attract eosinophils to a greater extent 

than tissue from control ewes, which may suggest that the chemoattractant 

substance(s) are PGF2Q inducible. Leucocyte chemoattractant activity has been 

identified in media conditioned by ovine or bovine follicular and luteal tissues 

(Murdoch, 1987; Murdoch and McCormick, 1989; Murdoch and McCormick,1991b; 

Sirotkin and Luck, 1995). The authors in one of these studies (Sirotkin and Luck, 

1995) concluded that a range of substances was gathered and released during the 

follicular -luteal cycle, a number of which could account for the attraction of 

leucocytes to the ovary. 

To our knowledge however, no studies have been performed to investigate whether 

the CL from any species produces substances chemotactic for leucocytes at different 

stages of the oestrous cycle, or at the time of luteolysis. In our project we investigated 

whether the equine corpus luteum produces leucocyte chemoattractants at such times, 

or after administration of PGF2Q. 

Our results indicate that by day 12 -14 of the oestrous cycle the equine CL is 

producing chemoattractants for leucocytes, both PMN and MN cells, which may 

indicate a role for these cells in CL demise. The attractant activity of the CL increases 

by day 16 -17 of the cycle, and, in addition, it becomes selectively more attractant to 

mononuclear cells. This suggests that these cells are involved in structural regression 

of the CL, clearing up dead and damaged cells. PGF2a treatment resulted in luteal 

tissue with greater chemoattractant properties than that collected after natural 

luteolysis. The supraphysiological dose of PGF2Q used to artificially induce luteolysis 

may be responsible for this as it may cause cellular damage on a scale not seen 

naturally, and hence induce a greater immune response. 
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No leucocyte attractant activity was detected in any of the ovarian stromal tissue 

samples from any of the same time points as the luteal tissue, indicating that whatever 

the chemoattractants produced were, that they originated in the luteal tissue. This 

does not, of course, rule out the possibility that immune cells resident in the CL may 

be responsible for initiating attraction of more immune cells into the CL, setting up an 

augmenting cycle, with their increasing numbers producing more chemoattractants, 

and further increasing leucocyte numbers in the CL. It is also possible that the other 

cell types present in the CL, luteal cells themselves, vascular cells or connective tissue 

cells could be the source for leucocyte chemoattraction. Connective tissue elements 

such as collagen have been suggested as chemoattractants in the bovine periovulatory 

ovary (Murdoch and McCormick, 1989; Murdoch and McCormick, 1991b; Murdoch 

and McCormick, 1993). However, other studies have found collagen to have only a 

low level of attractant activity, with collagenase showing a similar level of activity 

(Sirotkin and Luck, 1995). In our study solutions of collagen and collagenase were 

the only ones out of the range of ovary- related chemicals tested which displayed any 

chemoattractant activity, and only for mononuclear cells. It is possible therefore that 

these substances may be involved in attracting leucocytes into the equine ovary. 

However, as the migratory and collagenase is not very marked, it 

seems likely that, if they have a role to play, it is a minor one. They may simply add to 

the existing attractant activity of the CL after functional luteolysis, which is when one 

would expect the CL to be producing such substances. 

It becomes apparent therefore that there is still a considerable amount of work to be 

done in this area, in any species. The chemical nature of whatever chemoattractants 

are produced by the CL prior to and at luteolysis needs to be identified, as does the 

source of the products, and the timing of their production relative to luteolysis. Only 

if we fully understood the precise mechanisms, particularly prior to luteolysis could 

we hope to be able to manipulate events and ultimately affect luteolysis. 

In order to determine whether the production of ovarian leucocyte chemoattractants 

and the infiltration of immune cells into the ovary is a precise timed event, due to the 

age of the structure, or caused by some currently unknown signalling mechanism it 
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would be necessary to compare luteal tissue which was undergoing luteolysis with 

other luteal tissue of a similar age, which was not undergoing luteolysis. In this way it 

should be possible to ascertain which components of the luteolytic process were 

absent in the long -lived CL, but present in the tissue undergoing luteolysis, and 

therefore most likely to play a physiological role in the process. In addition such 

information should help in our understanding of the unique phenomenon in the mare 

of prolonged CL maintenance. These periods are clinically important as they can be 

mistaken for pregnancy if no form of pregnancy diagnosis is performed. Furthermore, 

if undetected, they can waste a lot of time in a breeding programme. The frequency 

with which it occurs apparently varies, with reports of 5 -7% to nearly 20% of mares 

in a given herd during the breeding season (Sharp, 1993). The reasons for prolonged 

luteal function, also known as prolonged luteal phase, prolonged dioestrus or 

pseudopregnancy, may vary, and include presumed failure of PGF2a secretion (Neely 

et al., 1979a). Another possible mechanism involves formation of additional, or 

accessory, luteal structures during dioestrus. Newly formed corpora lutea do not have 

PGF2a receptors by day 4 after ovulation (Vernon et al., 1979), and therefore may be 

`immune' to the prostaglandin released at the time of natural luteolysis of the primary 

CL of that oestrous cycle. These additional CL then continue to secrete progesterone, 

resulting in a prolonged luteal phase. 

However this naturally occurring prolongation of luteal function is spontaneous and 

unpredictable. Therefore, to obtain luteal tissue of luteolytic age' which was not 

actually undergoing luteolysis would necessitate somehow artificially prolonging the 

luteal lifespan, or inhibiting luteolysis. 

Luteinising hormone (LH) is known to be the primary luteotrophin in many species, 

and administration of LH to cattle in díoestrus has been reported to prolong luteal 

lifespan (Donaldson and Hansel, 1965). More recently gonadotrophin- releasing 

hormone (GnRH) and its analogues (GnRHa) have been used in cattle to alter luteal 

function, mediating their effects via alterations in endogenous gonadotrophin 

secretion. A number of studies in cows have identified prolonged luteal function 

following administration of GnRHa in dioestrus (Milvae et al., 1984; Macmillan et al., 

1985; Macmillan et al., 1986; Lajili et al., 1991; Sheldon and Dobson, 1993). If the 
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same effect could be obtained in horses it would provide us with a model of 
prolonged luteal function, and tissue to compare with normal cyclic luteal tissue. Our 

objective was to determine the endocrine and ovarian responses in cycling mares after 

a single injection of the GnRHa Buserelin during dioestrus. If treatment prolonged 

luteal function we would have a model for future investigations of luteal regression. 

Unfortunately we were unsuccessful in our attempt to maintain the CL beyond its 

normal lifespan, and all treated cycles were of a similar length to control cycles. A 

similar finding has been reported in some studies in cyclic dairy cows (Mann and 

Lamming, 1992; Mann and Lamming, 1995). Also in common with the data from 

some cattle studied (Mann and Lamming, 1992; Mann and Lamming, 1995; 

Macmillan et al., 1985) was our finding of no significant difference in plasma 

progesterone levels in control or treatment cycles, although this conflicts with other 

results from cattle (Milvae et al., 1984; Rettmer et al., 1992a; Stevenson et al., 1993). 

There is, however, considerable variation seen among results from these cattle studies. 

Effects on LH levels in our treated mares were variable, with some mares having 

significantly elevated LH levels, and others significantly lower levels. This may reflect 

between animal variation, and not be related to treatment. FSH levels in our study 

were significantly elevated in all treated cycles when compared to control cycles, 

which agrees with the limited results available from cattle (Chenault et al., 1990; 

Rettmer et aL, 1992a; Stevenson et al., 1993). We identified significantly reduced 

levels of oestradiol during treatment cycles when compared to control cycles, which is 

also in accord with findings in cattle (Mann and Lamming, 1992; Mann and Lamming, 

1995; Rettmer et aL, 1992a). Although the control of FSH secretion in the mare is not 

very well defined, it appears that, as in other species, oestradiol causes FSH 

suppression (Garza Jr et al., 1980). Therefore the reduced oestradiol levels seen in 

treated mares in our study may be responsible for the increased FSH levels identified. 

The decreased oestradiol levels may in turn be an indication of altered follicular 

dynamics in treated animals. However our daily monitoring of ovarian activity failed 

to identify any evidence of secondary ovulations or luteinisation of follicles in treated 

mares. 
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Following on from very encouraging results from an initial study (Macmillan et al., 

1986), the use of GnRHa in cattle during the luteal phase post -insemination to 

increase pregnancy rate has received a lot of attention. Some studies have also 

reported improved pregnancy rates with treatment (Lajili et al., 1991; Sheldon and 

Dobson, 1993), while others have failed to detect any benefit of treatment (Jubb et 

al., 1990; Stevenson et al., 1993; Rettmer et al., 1992b). Overall there is no clear 

indication that administration of GnRHa 11 -14 days after insemination will increase 

pregnancy rates. Despite this lack of convincing evidence, a similar practice has been 

reported in mares, in an attempt to improve pregnancy rates (Pycock and Newcombe, 

1995; Pycock and Newcombe, 1996). The results were encouraging, and the GnRHa 

Buserelin is now being used increasingly as a fertility treatment in mares. However, on 

re- analysis of the data from the original study in horses (Pycock and Newcombe, 

1995; Pycock and Newcombe, 1996) we failed to detect any significant increase in 

pregnancy rates or maintenance of pregnancy with GnRHa treatment. 

In addition, our study in cycling mares failed to identify any hormonal or ovarian 

events which would indicate that use of the GnRH agonist, Buserelin, in the mid - 

luteal phase might reinforce maternal recognition of pregnancy. However, the 

significant reduction in oestradiol levels in treated animals may reflect altered 

folliculogenesis, which, in turn, could affect luteolysis, although oestrous cycles were 

not lengthened in treated mares in our study. It appears therefore that more work 

needs to be performed to investigate whether treatment with Buserelin does in fact 

increase equine pregnancy rates. Furthermore, as we did not see any prolongation of 

luteal function in treated mares, it did not provide us with a model for further study. 

Although the pivotal role of LH in follicle maturation, and development and 

maintenance of the CL of domestic ruminants is well known, the situation with regard 

to the mare is not so well understood. In ruminants the preovulatory LH surge has 

been found to alter the phenotype of the remaining theca and granulosa cells after 

ovulation, promoting secretion of large amounts of progesterone during the 

subsequent luteal phase. Hypophysectomy studies in sheep have substantiated the 

crucial role of LH in CL formation, with inhibition of normal CL formation and 
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function following hypophysectomy early in the luteal phase (Kaltenbach et al., 1968). 

In the cow it has been demonstrated that dominant follicles acquire LH receptors and 

are dependent on LH for further development (Ireland and Roche, 1982; Ireland and 

Roche, 1983a; Gong et al., 1995; Webb and Armstrong, 1998). Changes in FSH and 

LH receptor content of bovine follicles may also be important for recruitment, 

selection and atresia of bovine follicles (Xu et al., 1995). LH is also required for 

maintenance and function of the mature CL in many species. Passive immunisation of 

ewes with anti -bovine LH antiserum results in luteal regression (Fuller and Hansel, 

1970), while constant infusion of LH prolongs the luteal lifespan. 

In the mare a number of facts support the hypothesis of LH having a similar role to 

that in ruminants. Preovulatory follicle development rate accelerates 3 -6 days prior to 

ovulation, when plasma FSH is falling, and LH is rising (Daels and Hughes, 1993). 

Administration of an antiserum against a crude gonadotrophin preparation at this time 

inhibits both follicular development and ovulation (Pineda and Ginther, 1972). 

Treatment with an LH -like substance (human chorionic gonadotrophin) at this stage 

shortens time to ovulation, possibly by increasing follicular maturation rate (Day, 

1939; Palmer, 1993). Administration of progesterone, which suppresses the 

periovulatory LH rise, results in development of follicles to only approximately 3 cm 

in diameter, with a low frequency of ovulation (Evans et al., 1982). Similarly, GnRH 

antagonist administration to mares during dioestrus delays the preovulatory increase 

in FSH and LH in treated animals, with an accompanying delay in growth of follicles 

to preovulatory size, and a reduction in oestradiol production (Pederson et al., 1997). 

There also appears to be a role for LH in maintenance of luteal function in the mare. 

Antibodies to a crude gonadotrophin preparation cause luteal regression when given 

at various times during the luteal phase (Pineda et al., 1972). In addition, GnRH 

antagonist treatment of mares during dioestrus results in attenuation of progesterone 

concentrations (Watson et al., 1997), which also indicates a role for LH in CL 

function. In the treated animals corpora lutea also tended to be smaller, and luteolysis 

occurred earlier than in control animals. 
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Following on from our unsuccessful attempt to prolong the luteal phase in mares with 

administration of GnRH in dioestrus, we decided to try to further investigate the issue 

of the role of LH in equine CL formation and function. From the studies mentioned 

earlier it would seem that LH does indeed play a vital role in supporting CL function. 

It would be expected therefore that equine follicles and CL would contain specific 

receptors for LH, with variation in expression with stage of development. 

To date, most studies on LH receptors in the mare have utilised radiolabelled 

hormones in binding assays, and have assessed receptor presence, number and affinity 

in luteal, granulosa and theca cell preparations. One study, using an indirect PAP 

irnmunohistochemical method identified LH receptors in equine follicles (Tuttle et al., 

1991). To our knowledge however, there have been no attempts to definitively 

localise the presence of LH receptors (LHr) to specific cell types or locations in 

equine follicles or corpora lutea. 

We initially attempted to identify equine LHr using a monoclonal antibody for the 

human LHr ( Bukovsky et al., 1993; Bukovsky et al., 1995). Although the monoclonal 

used reacts with an LHr epitope which is highly conserved among mammals 

(Indrapichate et al., 1992) it failed to react with the equine receptor in our studies. 

We then endeavoured to definitively localise messenger RNA for LHr in equine 

follicles and corpora lutea by in situ hybridisation. Again, there are no documented 

reagents for this purpose, and it was necessary initially to test heterologous probes for 

cross reactivity with the equine LHr. The probe tested was generated for use in sheep, 

and has previously been shown to cross -react with the bovine LHr (Xu et al., 1995). 

The same probe has also been found to be 95 %, 90% and 86% identical to the 

reported nucleotide sequences of porcine, human and rat LH receptors, respectively 

(Xu et al., 1995). Testing for cross -reactivity was performed using the Ribonuclease 

Protection Assay. We identified protected bands in the equine RNA samples tested, 

and this was taken as preliminary evidence of cross -reactivity of the probe with the 

equine LHr. 

A range of samples of equine follicles and CL from throughout the oestrous cycle, 

early pregnancy and after exogenous PGF2 were then analysed by in situ 

hybridisation for LHr mRNA expression. Expression of detectable levels of message 

221 



was first identified in the theca layer of a 10 mm diameter follicle. Level of expression 

in the theca layer appeared to increase with follicular size, and by day 12 of the 

oestrous cycle was also induced in the granulosa layer of the largest follicle present on 

the ovary at that time. Pre -ovulatory follicles maintained high levels of expression of 

receptor message in both theca and granulosa layers. Although we did not quantify 

levels of expression, it appeared that there was a decrease in strength of expression by 

granulosa cells in pre -ovulatory follicles. All these findings are in agreement with 

those in other species (Peng et al., 1991; Camp et al., 1991; Ireland and Roche, 1982; 

Ireland and Roche, 1983a; Ireland and Roche, 1983b; Spicer et al., 1986). However, 

further work needs to be done on a larger number of equine follicles to try to establish 

if there is a relationship between follicular size and LHr mRNA expression in 

granulosa cells, as has been observed in other species. In addition, accurately staged / 

timed preovulatory follicles should be examined and quantified for receptor message 

expression prior to ovulation, to better `map' the changes in expression which occur 

in the theca and granulosa layers. Such changes have been reported in other species, 

and may be related to development of the dominant follicle (Xu et al., 1995). 

The newly formed corpus haemorrhagicum continued expressing LHr message, where 

it was localised only to the developing strands of luteal tissue. Receptor mRNA 

expression persisted in the CL throughout the oestrous cycle, with abundant 

expression evident in luteal cells. Only background levels of activity were identified in 

trabeculae of connective tissue or the luteal capsule. Following natural luteolysis there 

were markedly reduced levels of expression of message present in luteal tissue, which 

were not much different to background, non -specific binding levels. It would appear 

from these results that LH does indeed play a role in supporting CL function in the 

mare, with receptor presence at a high level throughout the oestrous cycle, decreasing 

after functional luteolysis. However, quantification of this expression would be 

necessary to better understand the relationship between it and CL function. 

Following PGF2a administration there was also a change in LHr message expression, 

which seemed to vary somewhat with time of collection of the samples. A day 12 CL 

from a mare treated with PGF2a had a marked reduction in expression of LHr mRNA, 

similar to that seen after natural luteolysis. However, in a day 7 PGF2a treated CL 
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strong expression of message was still evident, although the mare had undergone 

functional luteolysis, as confirmed by plasma progesterone analysis. This may have 

been caused by the natural variation between animals in the timing of natural 

luteolysis. Degeneration of equine luteal cells has been reported to occur as early as 

day 12 of the cycle (Van Niekerk et al., 1975), and it may be that the day 12 tissue 

sample in our study was already beginning to undergo natural luteolysis at the time of 
PGF2a, administration. The PGF2a, treatment would therefore simply have accelerated 

the luteolytic process. An earlier study in the equine found no significant change in 

mean number of LH receptors per CL until 36 hours after PGF2a, treatment (Roser et 

aL, 1982). Receptor number was assessed using radiolabelled hormones and crude 

luteal membrane fractions. In sheep LHr mRNA levels have been assessed following 

PGF2a, administration. One study reported a rapid decline in levels, with only 60% of 

initial values remaining after 24 hours (Smith et al., 1996). Another study reported 

concentrations of LHr mRNA 24 hours after PGF2a. administration to be only 18% of 

that seen in control animals (Guy et al., 1995). It is obvious therefore that further 

studies, on a greater number of samples, taken at different times after inducing 

luteolysis would be necessary to clarify this issue. In addition it would be necessary to 

standardise day of treatment, and method of administration to try to minimise 

individual animal variation. 

In early pregnancy expression of LHr mRNA was maintained at levels comparable to 

that seen in mid -luteal stage tissue. This finding is in agreement with results from 

other species (Diekman et al., 1978; Segaloff et al., 1990; Duncan et aL, 1996), and 

suggests that LH remains important in maintaining CL function in pregnancy. 

However, more accurate assessment of intensity of LHr expression in equine tissue by 

quantitative analysis would be necessary to be able to give more than the subjective 

appraisal of receptor expression which we have performed. This would also enable 

comparisons to be made between luteal phase tissues and samples from pregnancy, as 

well as between primary and secondary CL in the mare, to determine if there are 

functional differences between them. 

There was no detectable level of LHr mRNA expression in any of the ovarian stromal 

tissue samples tested, from any stage of the oestrous cycle examined, early pregnancy 
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or following PGF2a, administration. This is in agreement with the findings in a study in 

sheep (Smith et al., 1996) which is one of the only studies to have even mentioned the 

presence or absence of LHr in ovarian interstitial tissue. An early study in the rat 

reported the presence of LHr mRNA in ovarian interstitial tissue throughout the 

oestrous cycle, with considerable day to day variation in level of expression (Camp et 

al., 1991). The authors made no comments or theories regarding this finding. It would 

not be expected that interstitial tissue in the ovary would have a role to play in LH 

binding, as it generally consists of dense connective tissue, which is unlikely to be 

involved in modulation of CL function. 

In conclusion therefore, in this study we identified and localised LH receptor mRNA 

expression in equine follicles, and corpora lutea, throughout the oestrous cycle, after 

exogenous PGF2a, administration and in early pregnancy. Although these findings 

greatly advance our knowledge of gonadotrophin involvement in follicle and CL 

development and maturation in the equine, there is still a considerable amount of work 

to be carried out in this area. Further studies on follicle populations taken at frequent 

time- points during oestrus would help to clarify the role of the LH receptor in the pre - 

ovulatory follicle. Studies of the different cell populations of the CL for LH receptor 

expression would also help to fill in gaps in our knowledge about the equine CL, its 

cells and their functions. 

Acute steroid hormone synthesis in response to trophic hormones is controlled at the 

level of cholesterol delivery to the inner mitochondrial membrane, the site of the 

enzyme responsible for initiating steroidogenesis. This process is known to have an 

absolute requirement for de novo protein synthesis. Several proteins have been 

proposed as the acute regulator, with Steroidogenic Acute Regulatory (StAR) protein 

the most attractive candidate to date (Stocco, 1997). By controlling cholesterol 

delivery to the inner mitochondrial membrane, StAR would play a central role in the 

rapid regulation of steroid production. In the cow, StAR mRNA levels were shown to 

increase in the CL during the oestrous cycle (Stocco, 1997). More recently it has been 

demonstrated that the synthesis of StAR mRNA and protein is tightly coupled in the 
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bovine CL, and the timing of the appearance of StAR in the tissue is consistent with 

its having a role in progesterone production (Pescador et al., 1996). StAR message 

and protein were present at low levels during luteal development, and in elevated 

levels in active CL taken during the mid -luteal phase. Both mRNA and protein 

disappeared in regressed CL, and within 24 hours of PGF2 -induced luteolysis. A 

recent study has documented the primary structure of equine StAR and provided 

evidence of an inverse regulation of StAR mRNA in granulosa and theca cells of 
equine follicles prior to ovulation (Kerban et al., 1997). Message was undetectable in 

equine granulosa cells prior to hCG treatment, with a significant induction apparent by 

30 hours post -hCG. In contrast, elevated levels of StAR mRNA were detected in 

theca interna cells of follicles isolated prior to hCG treatment, but were dramatically 

decreased by 36 hours post -hCG. It would appear therefore that StAR protein plays a 

similarly important role in mediating trophic hormone stimulation of steroidogenesis 

in the equine ovary as has been proposed in other species (Stocco, 1997). Further 

studies on the presence of StAR mRNA and protein in equine follicles, and in the 

equine CL throughout the oestrous cycle, in conjunction with additional trophic 

hormone studies would be of great benefit in furthering our knowledge of 

steroidogenesis in the equine follicle and CL, and the role of trophic hormones in the 

development and function of these structures. 

Conclusion 

In conclusion, the studies reported here have investigated some of the factors 

involved in CL maintenance and demise in the equine. The findings reported 

demonstrate that the cells of the immune system appear to be significant in CL 

function around the time of luteolysis. Indeed certain populations of immune cells are 

likely to be involved in functional luteolysis, as they increase in number in luteal tissue 

prior to this event. In addition the cell populations which were seen to increase at this 

time are the most biologically active in terms of cytokine production, and hence, 

activation of other cell types. Their identification prior to functional luteolysis may 

therefore be very relevant to the demise of the CL. The presence of decreased 
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numbers of the same cell types in the CL of early pregnancy supports the theory of a 

role for them in the luteolytic process. 

We also identified the equine CL as a source of leucocyte chemoattractants from day 

12 -14 of the oestrous cycle onwards. Attractant activity was evident prior to 

functional luteolysis, and increased after this event, particularly for mononuclear cells. 

This is in agreement with our findings from Chapter 2, where certain immune cells 

increased in luteal tissue prior to its natural demise, while mononuclear cells have 

been identified for some time as being involved in structural regression of luteal tissue, 

and destruction of dead and damaged cells. From the findings in the chemoattraction 

study and those reported in Chapter 2 it would appear that events following artificial 

induction of luteolysis with PGF2a differ quite markedly to those seen naturally. 

Although the luteal tissue exhibited strong chemoattractant powers, immune cell 

populations present were not as seen after natural luteolysis. It may be that the 

supraphysiological dose of prostaglandin used to induce luteolysis induces greater cell 

damage, which, with the ensuing release of cellular contents, results in greater 

chemoattractant activity of the tissue. At the same time, because of the rapid demise 

of the tissue, it may not give the cells time to infiltrate in the numbers seen at natural 

luteolysis. 

Our attempts to prolong luteal lifespan with GnRHa administration in the mid -luteal 

phase were unsuccessful, so we did not have a model for further investigation of luteal 

regression. In addition, although hormonal changes were seen after treatment, our 

results gave little indication that use of these substances in mares in the mid -luteal 

phase would influence pregnancy rates. More work needs to be done on use of these 

compounds in mares post -insemination before their use becomes widespread, with no 

sound scientific basis. 

Results from the study on LH receptor localisation in equine corpora lutea enhance 

and reinforce the theory that LH is an important luteotrophin in the mare. The 

findings in equine follicles would appear to indicate that follicular development and 

maturation are also under the influence of LH. Although further work is required to 

fully elucidate these roles for LH in ovarian function in the mare, these results add 

considerably to the current state of knowledge in this matter. 
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As stated, the aim of the studies reported here was to try to elucidate some of the 

mechanisms involved in luteolysis in the mare. This has been a largely neglected area 

of research in the equine, and the number of potential factors necessitating 

investigation are numerous. In these studies we have successfully investigated some of 

the potential players in demise of the equine CL. Although there is still a considerable 

amount of work to be done in this area before we can hope to develop better methods 

of artificially controlling and / or manipulating the equine oestrous cycle, every step 

forwards, no matter how small, gets us closer to this ultimate goal. 
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APPENDIX 

1. Hormone assays 

Quality Controls (QCs): plasma was collected from mares at appropriate stages of the 

cycle, or they were prepared in plasma from ovariectomised mares. 

1.1. Reagents required 

Unless otherwise stated reagents were obtained from Sigma Chemical Co. Ltd., 

Poole, Dorset, UK. 

Assay buffer 

PB SG : Phosphate buffered saline / 0.1% gelatine. 0.05M pH 7.2. 

NaH2PO4 2H2O 2.3g 

Na2HPO4 2H2O 6.3g 

NaC1 9.0g 

Gelatine 1.0g 

Thiomersal 0.1g 

Made up to 1 litre with punte water (Punte Ltd., Chimnor Road, Thame, UK). 

Stored at 4 °C until used. 

1.2. Progesterone assay 

Concentrations of progesterone were measured in plasma directly, by the method of 

Come et al. (1981), modified by Law et al. (1992). 

Glass tubes were used throughout. 

All samples were assayed in duplicate. 
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All reagents were diluted with assay buffer containing gelatine (PBSG) (see Section 

1.1). 

Anti- progesterone antiserum was provided by the Scottish Antibody Production Unit, 

Carluke. 

Protocol: 

Day 1 

Tubes were labelled and PBSG added as required : 

450µl for standards and unknowns 

654t1 for non -specific binding (NSB). 

5011.1 of samples and standards were added. 

Standards of 0, 50, 100, 250, 500, 1,000, 2,000 and 5,000 pg/tube were prepared. 
I125 labelled progesterone was made up in PBSG containing lmg/ml 8- anilino -1- 

naphthalene sulfonic acid (ANS) to give 12- 15,000 cpm in l001.i1, and 100111 added to 

each tube. 

200111 of 1st antibody was then added at 1 /15,000. 

Tubes were vortexed and incubated overnight at 4 °C. 

Day 2 

To separate free and bound antibody, 1000 donkey anti -rabbit serum (DARS) at 1/35 

incorporating 1/10 EDTA (second antibody), and 1001.11 normal rabbit serum (NRS) 

at 1/300 were added. 

All tubes were vortexed and incubated overnight at 4 °C. 

Day 3 

lml cold PBSG was added to each tube and centrifuged for 30 minutes at 3,800 rpm. 

Supernatant was carefully decanted, and the activity in the precipitate counted using a 

Clinigamma 1272, LKB- Wallac, (E.G. & G. Wallac, Milton Keynes, UK.). 

Standards were prepared in plasma from an ovariectomised mare. 
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Main cross -reactivities of the antiserum were with 5- pregnan -3,20 dione, 11- 

deoxycorticosterone and 17- hydroxyprogesterone (9.5 %, 6.2% and 3.4% 

respectively). 

The sensitivity of the assay was 0.5 ng/ml, and the within - and between -assay 

coefficients of variation were 9.0 and 12.6 %, respectively. 

1.3. Oestradiol assay 

An in -house radio -immuno assay using 125I labelled oestradiol and dextran coated 

charcoal was used to measure plasma oestradiol -1713 levels. Samples were extracted 

once in diethyl ether and assayed by the method of Glasier et al. (1989). 

All solutions were prepared in assay buffer (see Section 1.1). 

Antiserum 

Sheep anti -oestradiol -1713 (kindly supplied by Prof. S. Hillier, Reproductive Medicine 

Laboratory, MRC Reproductive Biology Unit, Edinburgh). 

Stored at -20 °C at 1:100,000 dilution in assay buffer. 

Working dilution was 1:1,500,000, i.e. 2ml of 1:100,000 diluted up to 28ml with 

assay buffer. 

Stored at 4 °C prior to use. 

Tracer 

Oestradiol -3 -CME iodohistamine (also kindly supplied by Prof S. Hillier, 

Reproductive Medicine Laboratory, MRC Reproductive Biology Unit, Edinburgh). 

Stock solution stored in ethanol in appropriate storage room. Diluted down to 

10,000- 12,000 cpm/200111 in assay buffer for use. 

Dextran coated charcoal (DCC) 

Activated charcoal 12.5g 
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Dextran T70 1.25g 

Made up to 1 litre in assay buffer and stored at 4 °C. 

Mixed thoroughly before use. 

Standard solutions 

Seven standard solutions of oestradiol -1713 were prepared in assay buffer: 

standard 7 = 1 pmol/tube 

standard 6 = 0.3 pmoVtube 

standard 5 = 0.1 pmol/tube 

standard 4 = 0.03 pmol/tube 

standard 3 = 0.01 pmol/tube 

standard 2 = 0.003 pmol/tube 

standard 1 = 0 pmol/tube 

Assay protocol 

The assay was performed in 12 x 75mm borosilicate glass tubes, in duplicate. 

Non -specific binding (NSB) / standard tubes: - 

1 ml diethyl ether was added to duplicate glass tubes labelled for NSB and standard 

curve, and dried down on a heating block (50 °C). 

Sample extraction: - 

100p1 of each sample and quality controls (QCs) were pipetted into duplicate glass 

tubes. 1ml of diethyl ether was added and the tubes were vortexed, in groups of not 

more than eight, on a whirlimix for 30 sec. The lower serum layer was frozen in a dry- 

ice / ethyl alcohol `slurry', and the upper ether layer was decanted into duplicate glass 

tubes and dried down on a heating block (50 °C). 

Buffer, standard, tracer or antibody solutions were then added as follows:- 
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Volume per tube (pl) 

Buffer /plasma Standard Tracer Antibody 

TC (Total count) 200 200 

NSB 200 200 

Standard 100 200 100 

Sample 100 - 200 100 

All tubes were prepared in duplicate. 

Tubes were vortexed briefly and incubated at room temperature for 2 hours prior to 

overnight incubation at 4 °C. 50011l of DCC was then added to all tubes except TC, 

which had 500111 of buffer added. All tubes were vortexed briefly and then incubated 

on ice for 10 min. They were then centrifuged at 3,000rpm for 10 min at 4 °C, and the 

supernatant decanted into duplicate 12 x 75mm tubes. 

Counting / data processing 

All tubes were counted for 60 sec on an LKB -Wallac Clinigamma 1272. 

The results were calculated by the computer using a LOG Spline curve fit The 

duplicate error had to be less than 20% of the mean of the duplicates. 

Oestradiol extraction efficiency 

This was calculated for each assay to check for adequate sample extraction. 

Method:- 

A small amount of 3H- Oestradiol (Amersham, Pharamcia Biotech, Rainham, Essex, 

UK) was dried down, resuspended in assay buffer to give 10,000 cpm, and stored in 

the fridge as `stock'. 

The following solution was prepared in triplicate; 1001A1 of the stock tritiated 

oestradiol was placed in a scintillation vial and 3ml of ether and 10mi of scintillation 

fluid (Amersham) added. Activity in the tube was counted - Count (A). 

100111 of tritiated oestradiol was added to 500111 of pooled plasma and extracted as 

normal for samples. The extraction ether was placed in a scintillation vial and 
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scintillant added. This was also prepared in triplicate, and activity counted in each 

tube = Count (B). 

Extraction efficiency was calculated according to 

Count (B) / Count (A) X 100 = extraction efficiency 

Efficiency of extraction was consistently between 88 and 98 %. 

All cross -reactivities were less than 0.2 %, except for oestrone sulphate which was 

8.0 %. 

The sensitivity of the assay was 8 pg/ml, and within- and between -assay coefficients 

of variation were 4.6 % and 7.8 % respectively. 

1.4. LH assay 

Luteinising hormone was measured in plasma by the method of Price et al. (1987). 

Glass tubes were used throughout and all tubes were run in duplicate. A low, medium 

and high QC were run with each assay. 

Purified equine LH (e263B) for standards was prepared by Dr. H. Papkoff, and kindly 

supplied by Dr. J. Roser, University of California, USA, and standards were prepared 

in assay buffer (PBSG). Ovine LH for radioiodination was obtained from NHPP, 

NIDDK, HICHIHD and USDA, Rockville, MD, USA. The antiserum for the LH assay 

was donated by Dr. D. L. Thompson, Louisiana State University, USA, and was 

raised in rabbits against equine chorionic gonadotrophin (Thompson Jr et al., 1983). 

Day 1 

Tubes were labelled and PBSG (See Section 1.1) added as required : 

500µl for standards and unknowns 

700µ1 for non -specific binding (NSB). 

100µ1 of samples and standards were added to their tubes. 
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2. Molecular techniques 

2.1. Reagents and buffers 

Sources of specific chemicals and molecular kits are described in the relevant 

protocols. All other chemicals used were purchased from Sigma Chemical Co. Ltd., 

Poole, Dorset, UK., Gibco BRL, Life Technologies Ltd., Paisley, Scotland, UK., or 

Pharmacia Biotech, St.Albans, Hefts, UK. 

2.1.1. TAE buffer (50x) 

242g Tris base 

57.1m1 glacial acetic acid 

100m1 EDTA (0.5M. pH 8.0). 

Diluted with Milli -Q H2O before use. 

2.1.2. TE buffer 

Tris -HCI, 10mM, pH7.5 

EDTA, 1mM 

2.1.3. MOPS (10x) 

3- (N- morpholino) propanesulfonic acid (MOPS), 0.2M 

sodium acetate (Na2HPO4), 0.05M, pH 7.0 

Na2EDTA, 0.01M 

2.2. Diethylpyrocarbonate (DEPC) -treatment 

All solutions and utensils used when working with RNA were DEPC- treated to 

minimise RNase contamination as follows ; 
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Solutions 

Treated with 0.1% DEPC overnight and then sterilised. 

Glassware / utensils 

Treated with 1% DEPC for 2 hours at 37 °C, rinsed with sterile water and then 

autoclaved prior to use. 

2.3. Agarose gel preparation 

Standard 1% agarose gels were used for assessment of both RNA from samples, and 

template DNA. 

1% agarose was added to the appropriate volume of lx TAE buffer, eg lg agarose in 

100m1 lx TAE. The solution was heated to dissolve the agarose, cooled slightly, and 

the volume checked to allow correction of any evaporative loss. 

The gel was poured into prepared plates, being careful to avoid forming bubbles. 

A comb suitable for the gels intended use was inserted into the top of the gel, and the 

whole lot allowed to set. 

The gels were run in lx TAE at 150V, until the dye front approached the bottom of 

the gel. 

They were then stained in ethidium bromide for 30 -40 min. followed by the same 

duration destain in water. 

Result were visualised under ultraviolet light. 
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