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ABSTRACT 

Studies reported in this thesis were conducted to examine endocrine factors, follicle 
dynamics, ovulation rate, and subsequent luteogenesis in response to the conventional 
oestrous/ovulation synchronization protocol of two injections of prostaglandin F2a (PGF2a) 
in cyclic sheep and the effects of pregnant mare serum gonadotrophin (PMSG) given after 
treatment with a progestogen sponge in sheep in and out of the breeding season. 

Cyclic ewes given two injections of PGF2a nine days apart, with the first injection 
given early or late in the oestrous cycle. The time from injection to ovulation was longer 
in ewes first injected early compared to late in the cycle. Both the number of ovulations 
(range: 0 to 7) and time from injection to ovulation (range: 1 to 9 days) were highly 
variable. This variability appeared to be due to the extension of the life-span of ovulating 
follicles that emerged prior to PGF2a and also ovulation of some follicles that emerged after 
treatment. When results for first and second injections were pooled, the total number of 
follicles ;;:: 5 mm in diameter on the day of treatment that failed to ovulate in response to 
PGF2a was higher in ewes first injected early compared to late in the cycle. The proportion 
of detected luteal structures relative to the number of ovulations was lower in ewes first 
injected early compared to late in the cycle (60 and 86%, respectively). Disruption of 
ovulatory follicle dynamics and normal luteogenesis, and variability in the timing of 
ovulation after PGF2a injections could all contribute to poor or variable fertility when 
prostaglandins are used for oestrous synchronization. 

Five hundred IU of PMSG is commonly given to anoestrous ewes, at the end of a 
twelve- to fourteen-day treatment with progestogen impregnated intravaginal sponges, to 
induce synchronous oestrus and ovulation. If PMSG is omitted very few ewes ovulate. 
During the breeding season, this progestogen/PMSG treatment has also been used for 
oestrous synchronization; however, there is probably little advantage to its use in terms of 
fertility. The exact way in which PMSG affects ovarian antral follicle dynamics to enhance 
fertility in anoestrous ewes but not in ewes in the breeding season is unclear. PMSG 
treatment did not result in any changes in follicle numbers, size, or most growth 
characteristics of all follicles ~4 mm in size. The only exception was that the length of the 
growth phase of follicles ;;:: 4 mm in diameter detected on the day of sponge removal was 
longer in control than PMSG treated anoestrous ewes. Of the PMSG treated and cycling 
control ewes, eight ovulated follicles from the last two, five only from the last, and five 
ewes only from the penultimate follicle waves emerging before sponge removal. After 
sponge removal, serum progesterone concentrations were lower in control ewes compared 
to PMSG treated ewes out of season. When daily serum oestradiol concentrations were 
normalized to the day of ovulation, and analysed for the period after sponge removal in 
anoestrous ewes, there was a significant interaction between group and day of experiment 
(P<O.Ol). This appeared to be due to higher concentrations of oestradiol in the peri
ovulatory period in PMSG treated ewes. In the breeding season, a similar interaction was 
seen with data analysed from ovulation (P<0.05), but not sponge removal (P>0.05). The 
number of follicular waves and FSH peaks were higher and FSH inter peak intervals were 
shorter in MAP-treated ewes during seasonal anoestrus compared to the breeding season. 
We concluded that 500 IU of PMSG given at the end of a twelve-day period of treatment 
with progestogen impregnated intravaginal sponges had limited effects on the dynamics of 
ovarian follicular waves. However, PMSG resulted in increased serum concentrations of 
oestradiol during the peri ovulatory period, particularly in anoestrous ewes. This increased 
oestrogenicity probably resulted in the PMSG induced oestrus and ovulation in anoestrous 
ewes. Progestogen sponge treated ewes ovulated follicles from several waves compared to 
just the final wave of the cycle in normal cyclic ewes, and anoestrous MAP-treated ewes 
in general exhibited more frequent follicular waves and their associated FSH peaks 
compared to cycling MAP-treated ewes. 
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Chapter 1. LITERATURE REVIEW 

1.1 Introduction 

Studies reported in this thesis were conducted to examine endocrine factors, follicle 

dynamics, ovulation rates, and subsequent luteogenesis in response to the conventional 

oestrous/ovulation synchronization protocol of two injections of prostaglandin F2o: (PGF2a) 

in cyclic sheep and the effects of pregnant mare serum gonadotrophin (PMSG) given after 

treatment with a progestogen sponge in seasonally anoestrous and cycling sheep. In this 

chapter, the summarized literature concerns the aforementioned and related material in 

sheep; however, where specifically appropriate know ledge was absent for the ovine species, 

relevant references to the literature for other domesticated animals, laboratory species and 

primates have been given. Novel features of reproduction in humans are also given, in some 

cases. 

Throughout the previous twenty years, exceptional advances in our knowledge of 

many aspects of reproductive physiology and endocrinology of farm species have occurred 

primarily because of the progression of real-time ultrasonography, and its blending with 

technologies like molecular procedures, radioimmunoassay, etc. Our comprehension of the 

regulation of female reproductive mechanisms has been immensely increased by these 

improvements. New aspects of ovarian physiology and its regulation by steroid hormones 

and luteinizing hormone (LH)/follicle-stimulating hormone (FSH) have been revealed by 

the application of ultrasonography and our ability to apply it repeatedly, noninvasively, in 

non-anaesthetised and alert mammals. Clarifying the processes controlling the function of 

the ovary and improving the efficiency of methods to regulate ovarian function and 

procedures for controlled reproduction are major objectives of current research using 

ultrasonography in sheep. The use of transrectal ovarian ultrasonography is the primary 
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thrust in the present thesis. 

1.2 The cyclicity of ovine reproduction 

In adult sheep, two discrete rhythms govern ovarian activity. The first of these is a 

seasonal suspension (anoestrus) and recovery (breeding season) of ovulatory cycles, which 

marks the pattern of ovarian rhythmicity seen throughout the year (Marshall, 1937; Hafez, 

1952; Bittman et al., 1983a-b; Goodman, 1994). The other is an oestrous cycle that is 

sixteen- to seventeen-days in length (Marshall, 1904). Sheep are seasonally polyoestrous 

animals and, in the majority of breeds from temperate regions, ovulatory cycles are seen in 

the fall and winter (Hafez, 1952). In ewes, unlike oestrous cycle duration, the lengths of 

seasonal anoestrus and oestrus vary considerably between breeds (Goodman, 1994). 

During the breeding season there is little variation in oestrous cycle duration 

(McKinszie and Terrill, 1937). There are minimal effects of age (Asdell, 1946; Hafez, 

1952) and breed (~24 hours; McKinszie and Terrill, 1937). Cycles of about double the 

usual duration were sometimes observed in cyclic sheep (McKinszie and Terrill, 1937). 

According to Goodman (1994), such cycles might reflect a missed ovulation and/or 

behavioural oestrus. O'Shea et al. (1986) demonstrated that corpora lutea (CL) with 

extended lifespans may be related to ovine cycles that are unusually lengthy. Alternatively, 

at the onset of the breeding season and throughout the postpartum period short oestrous 

cycles were noted in sheep. According to Hunter (1991), short-lived CL and inadequate 

luteinization were associated with these short ovarian cycles that occur at the moment of 

the switch to an ovulatory from a non-ovulatory state. 

1.3 The phases of the oestrous cycle 

Conventionally, the oestrous cycle is separated into four phases (Arthur et al., 

1989). Pro-oestrus is distinguished by a significant elevation in secretory function in the 

reproductive tract and luteolysis. There is an increased concentration of glandular elements 
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in the uterus, oedema in the endometrium, and growth of the uterus. In the vagina, 

cornification of the epithelial layers nearest to the lumen, an increased epithelial thickness, 

and increased blood flow to the mucosa layer are seen. Pro-oestrus is followed by oestrus 

or a period of sexual receptivity. During oestrus, the ewe seeks the ram and she "stands" 

for mounting and breeding at the height of the oestrous period. There is a softening of the 

cervical stroma, increased blood flow, further thickening of the epithelial layers of the 

vagina and endometrium, and an elevated release of watery mucus from the glands of the 

vagina, cervix, and uterus. Usually, oestrus persists for one to two days (in prolific breeds 

it can be extended) and ovulation occurs toward the end of oestrus in sheep (Land, 1970; 

Land et al., 1973; Bindon et al., 1979; Quirke et al., 1979; Goodman, 1994). Sheep are 

spontaneous ovulators as ovulation is not induced by copulatory action, but is an automatic 

mechanism (Amoroso and Marshall, 1960). Following luteolysis, the ovulatory follicle 

undergoes its final maturation and development throughout the phases of pro-oestrus and 

oestrus; oestrogens from follicles are the major outputs from the ovary at this time (Arthur 

et al., 1989). Pro-oestrus and oestrus are often called the follicular phase in the ewe. 

Metoestrus follows oestrus and is the phase of the cycle in which the CL (corpus 

haemorrhagicum) develops. Luteal cells, which make-up the CL, develop from theca and 

granulosa cells of the ovulated follicle (process of luteogenesis; Keyes et al., 1983). During 

metoestrus there is a decreased secretory activity in the vagina, cervix, and uterus. 

Dioestrus or the luteal phase of the oestrous cycle is when there is a CL that is completely 

operational and releasing progesterone (day 3 to 5 of the cycle onwards). Reproductive tract 

secretions are sparse, the glands of the mucosa decrease in size, and the cervix is firm. 

Variations in the bioelectrical characteristics of the vaginal mucosa, mirror 

modifications occurring in the vaginal mucosa. Throughout the oestrous cycle of cows 

(Canfield and Butler, 1989), ewes (Abdel-Rahim and El-Nazier, 1987; Szczepanski et al., 

1994), sows (Ko et al., 1989), and numerous additional wild and domestic animals (Moller 

et al., 1984) there are periodic variations in the impedance (electrical resistance) of the 

vagina. According to Szczepanski et al. (1994), there is a significant reduction in vaginal 

impedance immediately preceding the start of oestrus and, lasting to the time of ovulation 
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(1 to 2 days in ewes). Szczepanski et al. (1994) and Bartlewski et al. (1999e) stated that the 

vaginal impedometer is a practical instrument for monitoring the ovine oestrous cycle, 

specifically for determining the start of luteal regression, oestrus, and ovulation. 

1.3.1 Ovine oestrous cycle endocrine profiles 

The endometrium of the uterus synthesizes PGF2a, antral follicles produce inhibin 

and oestrogens, the CL produces oxytocin and progesterone, the hypophysis synthesizes 

FSH, LH, oxytocin and prolactin, and the hypothalamus releases gonadotrophin-releasing 

hormone (GnRH) to control the oestrous cycle (Scaramuzzi et al., 1993). The 

hypothalamic-hypophyseal-ovarian axis primarily directs the regulation of the cycle. LH 

and FSH regulate maturation and growth of follicles, synthesis of steroids, ovulation, and 

CL development. An intricate interaction between many intrinsic and extrinsic components 

is required for the control of LHIFSH availability and release. Outputs from the uterus, 

steroids from the ovary, and amino acids and peptide/protein hormones and 

neuromodulators/neurotransmitters make up the intrinsic components. The hypothalamic

hypophyseal-ovarian axis is influenced by stress, pheromones from the male, photoperiodic 

cues, and nutrition that all make up the extrinsic components. Control in this axis is 

primarily a function of the regulation of GnRH secretion by ovarian steroids and higher 

brain centres, but other factors also play a role such as changes in countercurrent exchange 

of hormones between arteries, veins, and lymphatic vessels, LHIFSH biodiversity (e.g., 

isoforms), changes in responsiveness of the ovaries to LHIFSH or sensitivity of the 

hypophysis to GnRH. 

In sheep, ovulation is induced by the surge release of LH that occurs during oestrus. 

This same surge also induces the remains of ovulated follicles to undergo the process of 

luteinization. Levels of circulating progesterone start to increase as the CL develops. The 

release ofLH is suppressed by oestradiol, released by large follicles, working together with 

progesterone (Goodman et al., 1980; Karsch et al., 1980). According to Bartlewski et al. 

(1999b), peaks of FSH are seen every four to five days throughout the interovulatory 
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interval. The beginning of CL regression is induced by elevated PGF2a synthesis by the 

endometrium of the uterus. The preovulatory LH/FSH discharge and behavioural oestrus 

are stimulated by an increase in oestradiol production from the follicle and a decline in the 

release of progesterone throughout luteolysis (Fig. 1.1). 

1.3.1.1 LH and FSH 

According to Dyer ( 1985), LH and FSH are released in two different ways in ewes. 

Approximately fourteen hours preceding ovulation, the preovulatory gonadotrophin surge, 

aphasic release ofLH/FSH, attains peak concentrations (Arthur et al., 1989). During pro

oestrus/oestrus, elevated oestradiol secretion and reduced serum progesterone 

concentrations induce and maintain the phasic discharge of LH/FSH (Scaramuzzi et al., 

1970; Bolt et al., 1971; Baird and Scaramuzzi, 1976; Karsch et al., 1980; Jeffcoate et al., 

1984; Rawlings et al., 1984; Kaynardet al., 1988; Moenteret al., 1990; Joseph et al., 1992). 

GnRH, and hence LH, is also released in a tonic, episodic or pulsatile pattern throughout 

the cycle (Fig. 1.2; Rawlings and Cook, 1993) and this secretory pattern is also 

demonstrated in ovariectomized sheep (Gay and Sheath, 1972). Throughout the pro

oestrous phase of the cycle, an elevation in the frequency of LH pulses causes a rise in the 

tonic release ofLH, from one pulse every 180-240 minutes throughout the mid-luteal phase 

to a high of one pulse every 20-30 minutes immediately preceding the preovulatory 

discharge of LH. Likewise, during the preovulatory discharge, there is a rise in the 

amplitude ofLH pulses (Baird, 1978; Goodman and Karsch, 1981 b). High amplitude, high 

frequency LH pulses are seen during the ovine preovulatory surge ofLH, but the amplitude 

of LH pulses is lower on the discharge's upslope than on its downslope (Rawlings and 

Cook, 1993). Rawlings and Cook (1993) found that throughout the discharge there is also 

an increase in the non-pulsatile (basal) secretion of LH (and hence GnRH). 

Oestradiol and progesterone both negatively regulate LH pulse amplitude and 

frequency. The amplitude of pulses is controlled by oestradiol and the frequency of pulses 

is controlled by progesterone (Bjersing et al., 1972; Haugeret al., 1977; Karsch et al., 1979; 
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Fig. 1.1. Schematic depiction of mean serum level variations of follicle-stimulating 
hormone (FSH), luteinizing hormone (LH), and progesterone (P 4) during an interovulatory 
interval in sheep. Reproduced from Bartlewski (2000), with permission. 
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Fig. 1.2. Pulsatile LH and LHRH synchronous release patterns in two separate 
ovariectomized sheep (a-b). Samples of plasma were used to evaluate the levels ofLH and 
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second ewe (b), each pulse ofLHRH had a corresponding or occurred before a pulse ofLH, 
however pulses of LH were not observed after every rise in LHRH. Adapted from Levine 
et al., 1982. 
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Goodman and Karsch, 1980; Wheaton et al., 1984). Circulating luteal progesterone 

concentrations are inversely related to LH pulse frequency (Baird et al., 1976; Hauger et 

al., 1977; Baird, 1978; Karsch et al., 1979; Wheaton et al., 1984). The amplitude of LH 

pulses is smaller throughout the follicular phase in contrast to the mid-luteal phase (Hauger 

et al., 1977; Jackson and Davis, 1979; Wheaton, 1979). According to Hauger et al. (1977) 

and Wheaton (1979), when concentrations of progesterone are depressed (i.e., during the 

beginning and end of the luteal phase), basal concentrations of LH (serum LH levels 

following pulse elimination) are inclined to be more inconsistent while throughout the 

central part of the luteal phase, they are quite uniform. 

There is variation in ovine LH release during the breeding season. Average LH 

concentrations in serum are lower at the onset than at the middle and completion of the 

breeding season (Rawlings et al., 1977; Robinson and Karsch, 1984; Robinson et al., 1985; 

Malpaux et al., 1988, 1989). The frequency ofLH pulses elevates from two to three pulses 

every nine hours to six pulses every nine hours, just before the beginning of the breeding 

season. According to McNatty et al. (1984b), at the start of seasonal anoestrus, the 

frequency of LH pulses is four pulses every nine hours. During the ovine non-breeding 

season, oestradiol release, in a pulsatile fashion, is sustained and stays connected with the 

pulsatile release of LH (Scaramuzzi and Baird, 1977). 

There are two discharges ofFSH around oestrus; the preovulatory discharge ofLH 

accompanies the initial discharge, and the next discharge ofFSH occurs about 20-36 hours 

later (Pant, 1977; Bister and Paquay, 1983; Wheaton et al., 1984; Findlay et al., 1990). 

According to Wheaton et al. (1984) and Baird et al. (1991), the preovulatory FSH discharge 

is higher in amplitude and lasts for a shorter period of time (11-12 hours versus 20-24 

hours) than the secondary surge of FSH. Before the preovulatory discharge of FSH, FSH 

concentrations are quite depressed while there are simultaneously rising serum levels of 

oestradiol, inhibin, and LH (Pant, 1977; Wheaton et al., 1984; Findlay et al., 1990; Baird 

et al., 1991). This implies that GnRH stimulates the preovulatory discharge of FSH by 

overpowering the suppressive effects of inhibin and oestradiol on the secretion of FSH. 

According to Findlay et al. (1990) and Campbell et al. (1991c), ovulation terminates FSH 
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suppressor release (primarily oestradiol) from the follicle and permits the secondary 

discharge of FSH. Throughout the ovine luteal phase, some researchers have described 

pulses ofFSHin the peripheral and pituitary circulation (Van Cleeff et al., 1995), but others 

determined that there was only a basal release ofFSH (Bister and Paquay, 1983~ Wheaton 

et al., 1984~ Wallace and McNeilly, 1986). However, Bartlewski et al. (1999b) have 

detected peaks of FSH every four to five days throughout the interovulatory interval. 

1.3.1.2 Oestradiol and progesterone 

Within the ovarian follicle the production of oestradiol is from precursor androgens. 

Androgen production is activated by the attachment ofLH to its receptor on the cells of the 

follicle's thecal layer, and oestrogens are then produced by aromatisation of these 

androgens to oestradiol in the cells of the granulosa layer~ this latter process is under the 

regulation of FSH in early follicle growth (Fig. 1.3~ Carson et al., 1979; Armstrong et al., 

1981; Fortune and Quirk, 1988). According to Baird (1978) and Martin (1984), within five 

minutes of an LH pulse, both oestradiol and androstenedione release starts to rise, and 

increased concentrations are sustained for approximately 120 minutes. Large (diameter of 

20.5 em) follicles release markedly higher concentrations of oestradiol and 

androstenedione than antral follicles with smaller diameters (Baird and Scaramuzzi, 1976~ 

McNatty et al., 1981~ Mann et al, 1992b). 

Two major increases in circulating oestradiol levels have been reported during the 

ovine oestrous cycle. The first is initiated the day following the beginning of luteal 

regression (Haugeret al., 1977; Pant, 1977; Baird, 1978; Karsch et al., 1979; Rawlings and 

Cook, 1993 ); an elevation in the frequency ofLH pulses stimulates this increase (Campbell 

et al., 1990). Throughout the ensuing follicular phase there is a progressive increase in the 

release of oestradiol with preovulatory follicle development under the control of LH 

interacting at this time with receptors on both thecal and granulosa cells (Carson et al., 

1979; Armstrong et al., 1981; England et al., 1981; Webb and England, 1982). Within 16-

24 hours of the preovulatory discharge of LH, there is a decrease in the follicular fluid 
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Adapted from Senger, 1997. 
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concentration of oestradiol to a low level; however, there is an increase in the levels of 

progesterone during the discharge ofLH (Baird, 1978; England et al., 1981; Campbell et 

al., 1990). According to Baird (1978), the largest follicles are not capable of synthesizing 

oestradiol in response to LH once serum levels of LH surpass 5 ng/ml during the 

preovulatory LH surge. With the secondary or periovulatory FSH peak there is a decline 

in peripheral oestradiol levels to very low concentrations on the day of ovulation (Bister 

and Paquay, 1983; Wheaton et al., 1984; Findlay et al., 1990; Baird et al., 1991). 

During the beginning of the luteal phase a second major increase in the release of 

oestradiol occurs (Hauger et al., 1977; Pant, 1977; Karsch et al., 1979; Campbell et al., 

1990). Baird (1978) stated that the release of oestradiol is very inconsistent throughout the 

rest of the luteal phase; however, between Days 9 and 11 of the interovulatory period, 

Hauger et al. (1977) described another elevation in the concentrations of serum oestradiol. 

According to Alecozay et al. ( 1988), the release pattern of progesterone is pulsatile 

in the ewe. During the luteal phase, eight pulses of progesterone can be detected daily. No 

change in pulse amplitude or frequency is seen during dioestrus, and pulses of LH are not 

transiently associated with pulses of progesterone (Alecozay et al., 1988). According to a 

study by Bartlewski et al. (1999a), mean daily serum progesterone concentrations rise from 

Day 0 (ovulation) to a maximum on Day 11 (Western White Face ewes: 3.58 ng/ml; Finn 

ewes: 2.54 ng/ml) of the cycle. Serum progesterone concentrations decline to 1.97 ng/ml 

and 1.11 ng/ml by Day 13 and further to 0.11 ng/ml by Day 15 and 0.23 ng/ml by Day 14 

in Western White Face and Finn ewes, respectively (Bartlewski et al., 1999a). 

1.3.1.3 Inhibin 

Inhibin is a glycoprotein hormone consisting of two subunits (a and p) connected 

by disulphide bonds, it is released by follicular granulosa cells (Henderson and 

Franchimont, 1981; Tsonis et al., 1983), and high concentrations are seen in antral fluid (de 

Jong and Sharpe, 1976; Tsonis et al., 1983). It has been demonstrated that the hypophyseal 

secretion ofFSH is inhibited by inhibin (McNeilly, 1984; Burger, 1988; Henderson et al., 
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1988; Martinet al., 1988). 

During the breeding season (McNeilly and Baird, 1989; Campbell et al., 1990; 

Murray et al., 1993) and anoestrus (Campbell et al., 1991c), inhibin is released in an 

episodic pattern. Both small and large non-oestrogenic antral follicles synthesize inhibin; 

however, mainly the larger antral follicles produce oestradiol (Mann et al., 1989; Campbell 

et al., 1991b; Mann et al., 1992a-b). 

Two notable elevations in the release of inhibin occur throughout the oestrous cycle. 

There is a slow rise in inhibin release following the regression of the CL, and this reaches 

a zenith during the preovulatory LH surge. According to Campbell et al. (1990), between 

16-24 hours following the LH surge, another increase in the synthesis of inhibin happens 

concomitant with the peri ovulatory secondary FSH peak. It was proposed that, following 

ovulation, the removal of oestradiol-negative feedback on the secretion of FSH largely 

causes the secondary peak of FSH. Inhibin release does not seem to be transiently 

associated with FSH, oestradiol (McNeilly and Baird, 1989), prolactin, or LH release 

(Campbell et al., 1990). Inhibin secretion is quite stable, with pulses every 60 minutes 

throughout the rest of the luteal phase. 

Oestradiol 17P immunoneutralization resulted in a smaller increase in the 

concentrations of FSH than inhibin immunization (Mann et al., 1993), but following 

immunoneutralization of either endocrine factor individually, the increase in the 

concentrations of circulating FSH was markedly lower than with both oestradiol and 

inhibin immunoneutralization (Mann et al., 1990; Mann et al., 1993). Baird et al. (1991) 

decided that day-to-day variations in serum concentrations of FSH were chiefly controlled 

by oestradiol while inhibin gave a general suppression of the release of FSH. 

1.4 Control of GnRH, LH, and FSH secretion 

1.4.1 Correlation of LH and FSH secretion with the pulsatile secretion of GnRH 

In ewes, the correlation between pulsatile LH and GnRH release has been 

demonstrated to be maintained throughout both the luteal and follicular phase of the cycle 
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(Baird, 1978; Moenter et al., 1991), and during anoestrus (Scaramuzzi and Baird, 1977; 

Clarke, 1988; Barrell et al., 1992). During anoestrus, GnRHILH pulse amplitude and 

frequency are markedly reduced relative to the breeding season. According to Martin 

(1984), within ten minutes from the onset of the increase in levels ofLH, each pulse ofLH 

attains peak levels and the whole pulse of LH (nadir-to-nadir) lasts about 1.5 hours. The 

frequency of GnRH pulses decreases during the luteal phase only to increase again at 

luteolysis (Clarke et al., 1987; Moenter et al., 1991; Clarke, 1995). 

Although a pulse of GnRH occurs before each LH pulse, there are small increases 

in the levels of GnRH that do not induce pulses of LH (Clarke and Cummins, 1982; Levine 

et al., 1982). Clarke and Cummins (1987) proposed that the production ofLH is sustained 

by these small pulses of GnRH, and resulting in a buildup of secretable LH stores. The 

receptivity of the pituitary to "big" pulses ofGnRH may be controlled by these small pulses 

of GnRH through effects on the number of working GnRH receptors. 

It seems that the optimum release of FSHILH is sustained by pulsatile GnRH 

secretion. Chakraborty et al. (1974) found that FSHILH release cannot be stimulated by 

constant perfusion of the ovine pituitary with GnRH. Wildt et al. (1981) conducted a study 

in primates that resulted in serum FSH levels becoming elevated and circulating 

concentrations of LH becoming reduced when the exogenous GnRH pulse frequency was 

reduced from one an hour to one every three hours. These findings in primates imply that 

the relative gonadotrophin quantities released may be influenced by variation in the 

frequency of GnRH pulses; nonetheless, Mcintosh and Mcintosh (1986) did a study in 

which they perfused cells of the ovine pituitary and found that the ratio of secreted 

gonadotrophins was not changed by altering the GnRH stimulus levels and patterns. 

According to Wallace and McNeilly (1986), unlike LH secretion, the secretion of 

FSH is non-pulsatile throughout anoestrus and during the majority of the luteal phase. It 

was, hence, proposed by Clarke et al. ( 1986) that pulses of GnRH were not needed to 

trigger the release of FSH or that GnRH differentially controlled the release of LH and 

FSH. McNeilly (1995) suggested that GnRH is necessary to start the secretion ofFSH, but 

only a small amount of exposure to GnRH may be needed to sustain FSH secretion. 
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Nevertheless, Van Cleeff et al. (1995) noted that although the FSH secretory pattern in the 

peripheral circulation of the cyclic ewe was detached from the GnRH stimulus, there was 

an episodic secretion of FSH into the pituitary venous drainage, with a pulse of GnRH 

preceding each pulse of FSH. However, the exact relationship between GnRH and FSH 

secretion is unclear. After giving a GnRH antagonist to hinder the release of GnRH, FSH 

secretion was seen throughout the ovine luteal phase in animals with intact ovaries, and 

FSH pulses, which did not clearly follow the pulses of GnRH, were observed in 

ovariectomized ewes (Van Cleeff et al., 1995). 

Throughout the ovine oestrous cycle, merely 1 to 5% of pituitary stores of LH are 

released in pulses every day, whereas a maximum of 50% of the FSH stored in the pituitary 

is secreted (McNeilly, 1995; Taragnat et al., 1998). Therefore, separate LHIFSH secretion 

pathways/mechanisms, and not separate regulatory mechanisms by GnRH may provide the 

basis for this essential contrast in the patterns of LHIFSH release. The release of FSH 

seems to involve pathways where the degree of production is closely associated with the 

degree of release, while secretory granules accumulate LH and, in response to GnRH, are 

evacuated (McNeilly, 1995; Taragnat et al., 1998). It is not completely known as to what 

the regulatory mechanisms are that are involved in these different LHIFSH secretion 

patterns. 

Two other effective modulators of the release of FSH are oestradiol and inhibin 

(Baird et al., 1991). According to McNeilly (1995), the activity of the ovine follicle is 

mainly associated with the variation of FSH concentrations in the peripheral circulation, 

supposedly reflecting oestradiol and inhibin production. McNeilly (1995) suggested that 

GnRH input is overpowered by both oestradiol and inhibin because the gene expression for 

the FSH subunits is reduced by the direct actions of both hormones on the pituitary. 

Alternatively, for the secretion of FSH pulses, a factor that is independent of GnRH may 

be present (other than inhibin and oestradiol; Van Cleeff et al., 1995). Finally, Akbar et al. 

(1974) suggested that differing half-lives of the gonadotrophins could partially account for 

differences in the peripheral circulatory patterns of LHIFSH. 
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1.4.2 Regulation of GnRH, LH, and FSH secretion by ovarian steroids 

In the majority of mammals (reviewed by Fink et al., 1991), including the ovine 

species (reviewed by Clarke, 1987), the secretion of GnRH by the hypothalamus and 

gonadotrophins by the pituitary are regulated by both the negative and positive feedback 

effects of oestradiol and negative feedback effects of progesterone. In the presence of high 

concentrations of progesterone, oestradiol has negative feedback effects, and when 

progesterone is removed (i.e., luteolysis) oestradiol has positive feedback effects on the 

hypothalamic-hypophyseal axis. 

The frequency of pulsatile LH secretion was reduced without changing its amplitude 

when luteal phase progesterone concentrations were administered to ovariectomized sheep 

(Goodman and Karsch, 1980; Rawlings et al., 1984; Tamanini et al. 1986; Thomas et al., 

1988). In sheep that are in seasonal anoestrus, progesterone's suppressive effect is even 

greater (Hamemik et al., 19 87). It is primarily through controlling the release of GnRH that 

both oestradiol and progesterone regulate the release of LHIFSH, as implied by 

progesterone's and oestradiol's additive effects on LH pulses in ovariectomized sheep 

(Baird and Scaramuzzi, 1976; Currie et al., 1993). Nonetheless, the decrease in LHIFSH 

synthesis and/or secretion may be due to the interaction of these steroid hormones at the 

pituitary level, as suggested by the fact that, in primates and rodents, the gonadotroph cells 

have receptors for oestradiol (Sprangers et al., 1989; Fox et al., 1990). Working directly and 

mainly at the hypothalamus, oestradiol strengthens progesterone's inhibitory effects on the 

release of LH pulses throughout the luteal phase (Goodman and Karsch, 1980; Goodman 

et al., 1981; Martinet al., 1983). 

The pituitary and hypothalamus of many animals contain receptors for progesterone 

(reviewed by Savouret et al., 1988); however, it is not known if this is the case in the ovine 

species. Regardless, some research in sheep has indirectly indicated that inhibition of basal 

secretion ofLH by progesterone was regulated by opioids (Brooks et al., 1986; Currie and 

Rawlings, 1987; Yang et al., 1988; Horton et al., 1990). In ovariectomized sheep given 

progesterone, there was an elevation in the pro-opiomelanacortin cP-endorphin precursor 
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molecule) mRNA concentration (Whisnant et al., 1992). In a study by Saleri et al. (1998), 

involving in vitro cultured pituitary cells of cattle, both the GnRH-activated and tonic 

secretion of LH was decreased by P-endorphin. These findings imply that progesterone's 

inhibitory effects on the release of LH and GnRH may involve opioids from the ovine 

hypothalamus. 

Kasa-Vubu et al. (1992), who were using ovariectomized sheep, discovered that it 

is through an interference with the elevation in the amplitude and frequency of pulsatile 

GnRH that progesterone hinders the LH surge induced by oestradiol. Koligian and 

Stormshak (1977) suggested that progesterone may also hinder this surge of LH through 

a reduction in the gonadotroph responsiveness to oestradiol. Turzillo et al. (1994) found 

that, in sheep given PGF2cl' the decrease in serum progesterone level seen at luteolysis was 

needed to elicit an elevation in the mRNA of the GnRH-receptor and GnRH receptor 

concentration; however, this happened prior to any noticeable shift in levels of circulating 

oestradiol (0.5 to 1 day after PGF2a injection). 

Throughout the ovine follicular phase, the primary place for oestradiol's positive 

feedback effects is the hypothalamus (Herman and Adams, 1990; Moenter et al., 1990, 

1991, 1992). Also, oestradiol augments the response to GnRH at the level of the anterior 

pituitary (Clarke and Cummins, 1984; Crowder and Nett, 1984; Herman and Adams, 1990; 

Phillips et al., 1990). According to Clarke et al. (1989), prolonged input from the 

hypothalamus is needed for the complete expression of the dependent positive feedback 

effects of oestradiol on the release of LHIFSH. The response of the pituitary to oestradiol 

is fully stopped by endogenous GnRH immunosuppression (Adams and Adams, 1986; 

Herman and Adams, 1990) and surgical separation of hypothalamic GnRH from the 

pituitary (Clarke et al., 1983; Clarke and Cummins, 1984; Girmus and Wise, 1992). 

GnRH receptor expression is effectively induced by oestradiol 17P, as suggested 

by the elevated GnRH receptor concentration seen throughout in vitro culture of the cells 

of the sheep pituitary in oestradiol enriched media (Gregg et al., 1990; Laws et al., 1990; 

Sealfon et al., 1990) and following the administration of oestradiol to ovariectomized sheep 

(Moss et al., 1981). In a study by Wu et al. (1994) involving primary cell cultures of the 
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sheep pituitary, the GnRH-receptor mRNA concentration likewise was elevated by 

oestradiol with inhibin or by itself. Brooks et al. (1993) found that the biosynthesis of 

oestradiol is associated with the rate of GnRH-receptor mRNA expression and translation 

throughout the regular ovine oestrous cycle; the partially depressed GnRH-receptor 

production rate rises suddenly following luteolysis, and then declines again following the 

preovulatory surge of LH. 

According to Lehman et al. (1993), many limbic structures (i.e., lateral septum, bed 

nucleus of the stratum terminalis, and amygdala), the medial-basal hypothalamus (MBH), 

and the medial preoptic area (MPOA) contain the largest quantity of neurons that are 

immunoreactive for the oestradiol receptor. The oestrogen receptor is not found in the cells 

containing GnRH (Karsch and Lehman, 1988; Herbison et al., 1993; Lehman and Karsch, 

1993). Neurons that are responsive to oestradiol are presynaptic to the GnRH neurons 

(neuromodulatory activity). 

In the ovine brain, y -amino-butyric acid (GAB Anergic) neurons (Robinson et al., 

1991 ), and cells containing P-endorphin and tyrosine hydroxylase (precursor for dopamine 

and norepinephrine; Lehman and Karsch, 1993) contain receptors for oestradiol. In the 

MPOA, cells containing GnRH are anatomically connected with GAB Anergic neurons and 

the cells containing tyrosine hydroxylase. Receptors for oestrogen are also primarily located 

in the MBH, specifically in the cells that are immunoreactive for P-endorphin. 

1.5 Folliculogenesis 

1.5.1 Periods of follicle growth 

In the majority of mammals, prior to or shortly following parturition, oogonia 

differentiate into primary oocytes enclosed by a single layer of pre-granulosa squamous 

cells (primordial follicles; Greenwald and Terranova, 1988). In sheep, the reserve follicle 

pool, that is used throughout the whole reproductive lifetime, is made up of primordial 

(resting pool) and primary (growing pool) populations of follicles (lambs have 40,000 to 

300,000 primordial follicles; Driancourt et al., 1991 ). Small numbers of primordial follicles 
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develop into primary or growing follicles on a daily basis, when they depart from the non

developing follicle pool (reserve pool). According to Driancourt et al. (1991), the number 

of primordial follicles in the foetus is markedly diminished from the middle of pregnancy 

to parturition (about 20 times less) and also, during the remainder of the ewe's lifetime 

(about 35 times less). Follicles containing two or three granulosa cell layers are called 

preantral or secondary follicles (Driancourt et al., 1991). Early antral or tertiary follicles 

precede the mature Graafian (antral) follicles (Fig. 1.4). Fig. 1.5 shows a mature antral 

follicle with its various structural components. Cahill and Mauleon (1980) calculated that 

it took over half a year for the ovine preovulatory follicle to develop from the primordial 

stage. It takes approximately 130 days for the early preantral follicle (0.2 mm in size) to 

develop from the primordial stage (Cahill and Mauleon, 1980; Cahill et al., 1981). 

According to Turnbull et al. (1977), for the follicle to grow from 0.2 mm to 0.5 mm it 

requires 24 to 35 additional days. Growth from 0.5 mm to 2.2 mm requires 5 days and final 

growth to a preovulatory size (~4.5 to 5 mm) takes another 4 days (Turnbull et al., 1977; 

McNeilly, 1984). According to Turnbull et al. (1977), approximately three to four follicles 

depart from the reserve pool of primordial follicles daily. 

Scaramuzzi et al. (1993) have suggested a model for folliculogenesis, based on the 

follicle's physiological characteristics, particularly their degree of reliance on and 

sensitivity to LHIFSH. According to this paper, follicles can be separated into five 

categories: primordial, committed, sensitive to LHIFSH, reliant on LHIFSH, and ovulatory. 

Macroscopic changes recognized to occur during the follicle's life conform with this model. 

When follicles start into their growing phase, after departing from the reserve pool, they are 

under LH and FSH control (LH and FSH regulation of folliculogenesis discussed in Section 

1.6). The relationship between follicle size and morphology and the stages of 

folliculogenesis is given in greater detail in the following sections. 

1.5.2 The initial period of oogenesis and follicular growth 

According to McNatty et al. (1999), alterations in the granulosa cell layer pattern 
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Fig. 1.4. Mammalian periovulatory follicle development from the primordial level. The 
number of primordial follicles (reserve pool) starting to develop every day (3 to 4 
follicles/day) stays amazingly uniform and is regulated by element(s) within the ovary that 
have not been identified yet. LH and FSH are required for antral follicle development and 
the final period of follicle maturation and growth. Most follicles, at all developmental 
phases, undergo atresia (regress), even though there is continuous development of 
primordial follicles during the female's reproductive life. Modified from Hafez (1993), 
with permission. 
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Fig. 1.5. Schematic illustration of the preovulatory follicle of a ewe. Modified from 
Freeman and Bracegirdle, 1968. 
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(i.e., 'flattened' or cuboidal shaped cells; number of cell layers) allows for a breakdown of 

the early stages of ovine and bovine follicular development into types 1 (primordial), 1a 

(transitory), 2 (primary), 3 and 4 (preantral) and 5 (early antral). LH and FSH seem to be 

involved in the regulation of some of the initial stages of follicle development. FSH 

receptor gene expression is not seen in bovine (Xu et al., 1995) and ovine (Tisdall et al., 

1995) follicles until the follicle has reached the 2-3 stage of development. LH receptor 

(LHr) mRNA is expressed in the type 4-5 follicles of cattle (Xu et al., 1995). According to 

Campbell et al. (1995), follicles gain LHIFSH sensitivity near the conclusion of this initial 

period of folliculogenesis and this attribute is essential for further maturation and 

enlargement of the antral follicle. 

Gradual alterations in the oocyte's function and structure (cell division, and 

maturation of the cytoplasm and nucleus) are coupled with the growth of the follicle 

(Monget and Monniaux, 1995). According to Wasserman and Albertini (1994), the oocyte 

stays in the diplotene stage of the first meiotic division throughout the early development 

of the follicle. In the mature follicle, the preovulatory LH surge stimulates oocyte 

advancement to metaphase II, giving a fertilizable oocyte (Hyttel et al., 1997). 

The oocyte of every mammal is enveloped by a dense extracellular layer known as 

the zona pellucida. As the vitellus expands, during its dictyate stage, it produces and 

releases the protein elements of the zona pellucida and the zona pellucida forms and 

thickens (Chiquoine, 1960; Wassarman, 1983; Browder, 1985; Wassarman, 1988). The 

zona pellucida entirely envelops the egg and separates it from the cells of the follicle as it 

develops into a larger and more solid network of interconnected filaments (W assarman, 

1988). 

1.5.3 The antral follicle wave model in ruminants 

The use of ultrasonography has allowed us to show that in ruminants the larger 

ovarian antral follicles grow and regress (become atretic) in a distinct rhythmic pattern 

(wave pattern; Pierson and Ginther, 1987; Sirios and Fortune, 1988; Ravindra, 1993; 
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Schrick et al., 1993; Ginther and Kot, 1994). The interval for a single follicle to develop 

to its peak diameter is defined as the growing phase. The interval for this follicle to shrink 

to the smallest diameter recordable (employing ultrasonography) is known as the regressing 

phase. The static phase is defined as the interval between the completion of the growing 

phase and the beginning of regression (Goodman and Hodgen, 1983; Ravindra, 1993; 

Ravindra et al., 1994). The start of development of a group of antral follicles that may 

ovulate or go through atresia is known as follicular wave emergence or follicle emergence; 

these follicles are said to be recruited. Only a few of these follicles are saved from atresia 

and go on to develop to an ovulatory diameter, this is known as the mechanism of selection. 

In an endocrine milieu that is inhibitory to other follicles that are present (subordinate 

follicles), a large antral follicle (dominant follicle) selected from a wave will subsequently 

grow and survive and this feature of this follicle is known as dominance. 

The dynamics of bovine antral follicles have been examined in detail (Fig. 1.6). In 

cows, the observation that there was two or three follicular waves in a cycle arose from the 

observation of mid-cycle peaks in antral follicle numbers (Rajakoski, 1960; Hackett and 

Hafs, 1969; Swanson et al., 1972; Ireland et al., 1979). Improved research employing 

ultrasonography verified these findings about twenty years later. The occurrence of three 

antral follicle waves (wave emergence on Days 2, 9 and 16 of the oestrous cycle) was 

described simultaneously with a two-wave follicle growth pattern (one through metoestrus 

and the other through dioestrus) (three antral follicle waves: Savio et al., 1988; Sirios and 

Fortune, 1988; Knopf et al., 1989; Savio et al., 1990; two antral follicle waves: Pierson and 

Ginther, 1988; Knopf et al.,1989). Immediately prior to ovulation in cattle, the development 

of an antral follicle group from a size of 0.3 to 0.4 em marks the emergence of the first 

wave of the next cycle (Ginther et al., 1996). Subordinate follicles regress while a single 

follicle becomes dominant over the few days following emergence (Fig. 1. 7; Pierson and 

Ginther, 1987, 1988; Adams et al., 1993a). Ginther et al. (1996) named the initial 

establishment of the dominant follicle deviation. On Day - 1 (day of ovulation= Day 0), all 

follicles that are thriving and diameters of 0.3 em seem to be recruited and, when selection 

has occurred, additional recruitment appears to be impeded in cows (Ginther et al., 1996). 

22 



0 

12 
.-.. 
e a, 8 
c ._. 

Oestrous cycle 

4 8 12 16 

3·wave 4 
pattern ...... :! . ~ 

' . .. : . . . . ' . . 
,' ~ . . 
' · . 

2-wave pattern --. 

Pregnancy 

20 [24 28 32 36 

!._. 3-wave pattern .. .. .. 
'. ·' 'I 
• l 
• J . ) . ' 

~ ..... ~ ; ... 
Number of days from ovulation 

40 

Fig. 1.6. The FSH rhythm and its association with follicle wave dynamics throughout 2-
wave (solid lines; CD-@) and 3-wave (dashed lines; CD-®) oestrous cycles and beginning 
stages of gestation (®-®) in cattle. OV = ovulation. Episodic LH pulses are schematic and 
do not depict true amplitude and frequency variations ofLH pulses at oestrus. Arrows seen 
in the top panel represent the following theories: (a) the dominant follicle invests in its own 
development and (b) own extinction; (c) dominant follicle inhibits the development of its 
subordinates and (d) the emergence of the following wave of follicles. Courtesy of Dr. G .P. 
Adams and R.A. Pierson. 
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All the follicles emerging in the wave have the capacity to become dominant, at least 

initially. According to Ginther et al. (1996), when the dominant follicle becomes 0.8 em 

in size, and, in contrast to the subordinate antral follicles, it commences to enlarge at a 

faster pace about 72 hours following the emergence of the wave (deviation). In cows, the 

timing of deviation is extremely brief (:~8 hours; Ginther et al., 1996). 

Until recently, studies of ovarian antral follicles in sheep utilized 

laparoscopy/endoscopy (Smeaton and Robertson, 1971; Noel et al., 1993) or postmortem 

examinations (slaughtered sheep; Hutchinson and Robertson, 1966; Brand and de Jong, 

1973; McNatty et al., 1984a-b). The suggestion that follicles start to develop during the 

beginning of the oestrous cycle and consequently linger in the ovaries to grow directly prior 

to ovulation, came from initial research in this field by Hutchinson and Robertson (1966). 

Later, it was suggested that three or more separate groups of antral follicles started to 

develop during the ovine oestrous cycle (Smeaton and Robertson, 1971). These studies 

used a non-absorbable stain to label the largest follicles (India or carbon ink) and tracked 

their development by serial laparotomy. A two-wave follicle growth model in sheep was 

proposed by Brand and de Jong in 1973. In their experiments, sheep were slaughtered at 

different periods of the oestrous cycle, their ovaries were gathered and then studied 

macroscopically. In a study by Noel et al. (1993), eight Suffolk ewes underwent 

laparoscopic examination on a daily basis, for eighteen days, in February, May, August, and 

November, to determine what the day-to-day variations were in the cohorts of ovine antral 

follicles. Noel et al. (1993) described a pattern of three waves of follicle growth per cycle 

or eighteen day period throughout both seasonal anoestrus (May) and the breeding season 

(August, November, February). 

In recent times, ovarian ultrasonography has been modified for use in small 

ruminants such as the goat (Ginther and Kot, 1994) and sheep (Ravindra, 1993; Schrick et 

al., 1993; Ravindra et al., 1994; Ginther et al., 1995; Bartlewski et al., 1998). Some earlier 

studies failed to show the rhythmic emergence of follicles in sheep (Lopez-Sebastian et al., 

1997). Significant differences in the number of emerging follicle waves (two to six follicle 

waves or growth phases per cycle) have been shown between individuals and breeds of 
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sheep in several experiments using ultrasonography (Ravindra, 1993; Schrick et al., 1993; 

Ginther et al., 1995). On average, the development or emergence of antral follicles from the 

0.2-0.3 em sized range occurs about every four days throughout the interovulatory interval 

(i.e. 3 to 4 follicular 'waves' every oestrous cycle; Bartlewski et al., 1999b). Ravindra et 

al. ( 1994) observed that follicular waves in sheep have fewer antral follicles than in cows 

(Fig. 1.8) and do not clearly exhibit the follicular dominance seen in the bovine model. The 

ovulatory follicle emerges on approximately Day 12 of the oestrous cycle (Bartlewski et al., 

1999b ). The increase in follicle number characteristic of follicle emergence in cattle is not 

seen in sheep; however, there is a peri ovulatory increase in numbers of small follicles (0.1-

0.3 em; Fortune et al., 1988; Bartlewski et al., 1999b; Duggavathi et al., 2001). The peak 

size attained by follicles in the ewe is 0.4 to 0.7 em; peak size is greater in lower fecundity 

sheep (Bartlewski et al., 1999b; Duggavathi et al., 2001). Follicles emerging during the 

early luteal phase (low progesterone) have an extended life-span (Bartlewski et al., 1999b; 

Duggavathi et al., 2001). However, during the rest of the cycle, the lifespan of non

ovulatory follicles is five to twelve days (from emergence to atresia or regression). In sheep, 

the life-span of large antral follicles is divided into a two to four day growing phase, one 

to four day static phase, and one to five day long regressing phase. 

In ewes, the interrelationships between the ovarian steroids, circulating LHIFSH 

levels, and the dynamics of antral follicles have largely been clarified by Bartlewski et al. 

(1999b, 2000a)(LH and FSH regulation of folliculogenesis discussed in Section 1.6). 

1.5.4 Atresia of follicles 

Of all the follicles available, an enormous number go through atresia in sheep. 

About 50 to 80% of the follicles> 1 mm are in the initial, progressive, or final degrees of 

atresia, yet rarely is atresia seen in follicles< 1 mm (Brand and de Jong, 1973; Turnbull et 

al., 1977). Antral follicles are more susceptible to atresia when they become sensitive to 

LH/FSH. Follicles > 2 mm in size undergo atresia when induced by immunization against 

GnRH (McNeilly et al., 1986) or removal of the pituitary (Dufour et al., 1979; Driancourt 
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et al., 1987; Campbell et al., 1995). Atresia may be averted by FSH, as indicated in a study 

by Driancourt et al. (1987), in which regression of healthy antral follicles was postponed 

by about two days when PMSG was given one day following the removal of the pituitary. 

However, delaying follicle atresia was unsuccessful when PMSG was given two days 

following removal of the pituitary, as most follicles were already regressing then 

(Driancourt et al., 1987). Alternatively, in a study by Turnbull et al. (1977), more atretic 

ovine follicles were seen in response to an LH/hCG treatment regime. 

According to Turnbull et al. (1977), granulosa cell numbers are low and the ability 

to produce oestrogens from thecal androgens is diminished in atretic follicles. Follicles are 

believed to be in an irreversible degree of regression when the biosynthesis of oestradiol 

stops (Hay et al., 1979). There are increased ratios of progesterone to oestradiol (Grimes 

et al., 1987; Jolly et al., 1994) and androgens to oestradiol (Carson et al., 1981) in the fluid 

of the antrum throughout the process of atresia. According to Greenwald and Terranova 

(1988), cumulus oophorus complex separation, thecal cell enlargement, and granulosa cell 

nuclear pyknosis are additional histological modifications related to atresia. The terminal 

stages of atresia are distinguished by the oocyte's continuation of meiosis, succeeded by the 

invasion of the antral cavity by fibroblasts, interstitial cell disappearance and, lastly, oocyte 

deterioration inside the zona pellucida. Within the past decade, biochemical research has 

shown that apoptosis (discriminative obliteration of cells through a mechanism that is 

genetically-regulated, inherent, and dynamic in nature) is the process that happens during 

the death of the follicle and leads into granulosa cell death (Tilly et al., 1992; Billig et al., 

1994; Jolly et al., 1994). 

1.6 LH and FSH regulation of folliculogenesis 

Luteinizing hormone and FSH provide the truly critical endocrine support of the 

emergence and development of ovine antral follicles (Baird and McNeilly, 1981; Ireland, 

1987; Picton et al., 1990). According to Carson et al. (1979) and Driancourt et al. (1993), 

receptors for gonadotrophins can be found in early ovine antral follicles and their 
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concentration elevates markedly when follicles enlarge to a size of 0.2 em. At first, the cells 

of the granulosa layer have binding sites for FSH (Darrington et al., 1975; McNatty et al., 

1999) and the cells of the theca intema contain receptors for LH (Fortune and Armstrong, 

1977; McNatty et al., 1999). Regardless, the cells of the granulosa layer begin to show 

binding sites forLH when ovine follicles are larger than 0.3 em (Carson et al., 1979; Webb 

and England, 1982) to 0.4 em in diameter (Driancourt, 2001 ). Oestradiol and FSH activate 

LH receptor production in ovine and murine granulosa cells (Uilenbroek and Richards, 

1979; England et al., 1981). According to Roche (1996), throughout the bovine ovulatory 

follicles' final development and before the preovulatory surge of LH, serum levels of LH 

are elevated whereas FSH levels are low. In bovine, ovine, and porcine species, it has been 

established that LH directs the final stages of folliculogenesis (LH dependent), and FSH is 

required for early antral follicle development (FSH dependent; Ireland and Roche, 1982, 

1983a-b; Ireland, 1987; Ireland and Roche, 1987; Campbell et al., 1995; Driancourt, 2001). 

Adams et al. ( 1992) discovered that a temporal rise in circulating FSH levels occurs 

before the emergence of every follicle wave in the bovine species. Throughout this increase 

in serum levels ofFSH, there is an increase in the numbers of small antral follicles (0.3 em 

in diameter; Ginther et al., 1996). Because of the negative feedback applied by factors 

arising from ovine follicles that are emerging, there is a subsequent decrease in serum 

concentrations of FSH, two to three days after follicle wave emergence (Gibbons et al., 

1999). This inhibition is a cumulative effect of every follicle that is in the range of 0.3 to 

0.5 em diameter then (Gibbons et al., 1999). In a more recent study of heifers, when the 

largest follicle is 0.4 to 0.5 em in diameter, there is a decrease in the peak of FSH that 

induced follicle wave emergence (Ginther, 2000). According to Ginther et al. (1996), an 

increase in the capacity of 0.5 em bovine follicles to produce oestradiol is not associated 

with their inhibitory effect on FSH secretion. This implies that stopping the rise in FSH 

through the initial 48 to 72 hours following the emergence of a follicle wave may not be 

solely due to oestradiol (Ginther et al., 1996). In cattle, the release of inhibin (Kaneko et 

al., 1995), or additional factors from the follicle (Law et al., 1992), and/or their additive 

effects with oestradiol inhibit the release ofFSH. However, throughout the majority of the 
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follicle growth phase in cattle, the primary if not the sole systemic inhibitor of FSH is 

clearly inhibin arising from the developing follicle wave (Ginther et al., 2001a). 

In cattle, it takes approximately 72 hours from the onset of the decrease of FSH to 

the onset of deviation (Ginther, 2000). In heifers, FSH concentrations proceed to decrease 

for a further ten to twenty hours following the onset of deviation (Ginther, 2000). Ginther 

et al. (2000a) showed that a continuous supply of FSH was required by all follicles 

(including the dominant follicle) of the bovine species. In this study, they showed that a 

size reduction of the three largest follicles was correlated with experimentally decreased 

FSH to concentrations that were less than the concentrations at the middle of the decrease 

of the natural preemergent peak of FSH. In cattle, the reduced concentrations of FSH 

connected with the event of deviation are still needed by the largest follicle (Bergfelt et al., 

2000; Ginther et al., 2000a). Ginther et al. (2001a) experimentally inhibited the FSH 

decrease seen after the time of deviation in cattle. They suggested that the progression of 

deviation did not require a further progressive decrease of FSH beyond that already seen 

at the time of deviation as smaller follicles were exposed to concentrations of FSH at the 

onset of deviation that were already less than they needed to survive. By the time of the 

onset of deviation, the largest follicle has already undergone a developmental modification 

so that it is sensitive to an FSH concentration that is too low to maintain the smaller 

follicles, thereby introducing the onset of deviation (Ginther et al., 2000a). Around the 

onset of deviation in cattle, circulating concentrations of oestradiol rise (Kulick et al., 1999; 

Ginther et al., 2000b ), and it seems that the continual decrease in FSH secretion is 

supported by both oestradiol and inhibin. Between 1.33 and 1 days prior to deviation in 

heifers, the serum concentration of LH rose (Ginther et al., 1998; Kulick et al., 1999), 

remained high for approximately 2 days, and then declined (Bergfelt et al., 2000; Ginther 

et al., 2001 b). Binding sites for LH are generated in the cells of the granulosa layer of the 

follicle destined to become dominant approximately 72 hours following the emergence of 

a wave in cattle (deviation; Ginther et al., 1996; Roche, 1996). This is followed closely 

(eight hours) by enhanced growth and oestradiol levels in follicular fluid in the dominant 

compared with the next largest follicle in cattle (Beget al., 2001). Therefore, the earliest 
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recognized occurrences that can be attributed to the cascade of phenomena resulting in 

deviation, throughout the progressive decrease in FSH secretion, follow the onset of LH 

secretion and granulosa cell LHr production (Ginther et al., 2001a). The continued 

postdeviation increase in LH secretion is needed for postdeviation dominant follicle 

operation and development (Ginther et al., 2001b). Under conditions of decreasing levels 

ofFSH, which are insufficient for the growth of small antral follicles, the dominant follicle 

continues to grow because it is now largely using LH to support its development. 

According to Chappel et al. (1983), the findingthatFSHhas manyisoforms, similar 

to several other peptide hormones, was due to the creation of sensitive FSH bioassays. 

Various isoforms can be separated based, most critically, on their biological effects and 

receptor affinity, but also based on their clearance rates, electric charge, and molecular 

weight (Chappel et al., 1983; Blum and Gupta, 1989; Robertson, 1989; Beitins and 

Padmanabhan, 1991). Therefore, the circulating hormone's collective biological potency 

can be changed by variations in the FSH isoform ratio. Increased levels of oestradiol and 

elevated GnRH secretion cause profound FSH bioactivity changes; this is related to FSH 

isoform ratio changes. This was demonstrated throughout the periovulatory period in 

women (Padmanabhan et al., 1988) and throughout the experimentally generated start of 

ovine puberty (Padmanabhan et al., 1992). Using a homologous in vitro FSH assay that 

used Chinese hamster ovary cells cotransfected with recombinant human FSH receptor and 

containing a cAMP-responsive luciferase reporter gene, Christinmaitre et al. (1996) 

demonstrated that in women a biological signal was elevated and persisted throughout the 

middle and late luteal phase. This suggests that the mechanisms that cause the recruitment 

of the dominant follicle through the second part of the reproductive cycle in humans are 

induced by an increase in the biological activity of FSH. These findings strengthen the 

belief that follicle development, selection, and deviation may be regulated by changes in 

FSH isoform secretion. 

In ewes, researchers have shown a temporal association between elevations in the 

levels of FSH in blood samples obtained daily throughout interovulatory periods and the 

emergence of antral follicles (follicles growing from a size of 0.3 to 2:0.5 em; Ginther et 
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al., 1995; Fry and Driancourt, 1996; Bartlewski et al., 1999b, 2000a). In one study, the 

authors failed to detect transient peaks in the release of FSH (Ravindra, 1993). Bartlewski 

et al. (1999b) observed that a peak of serum FSH is aligned to every day of follicle wave 

emergence in sheep in the breeding season (Fig. 1.9). On the day of the emergence of a 

wave, serum oestradiol levels begin to rise and they are highest when the wave's largest 

follicle attains its peak diameter. In sheep, Bartlewski et al. (1999b) found that follicles in 

non-ovulatory waves do not attain smaller diameters than the antral follicle(s) arising 

around cycle completion and predetermined to ovulate. Bartlewski et al. ( 1999b) observed 

that oestradiol and FSH peak amplitudes and durations did not change over the entire 

interovulatory interval. Peaks in serum concentrations of FSH in sheep appear to be 

triggered by declining oestradiol secretion and cessation of follicle development 

(Bartlewski et al., 1999b; Bartlewski et al., 2000a). According to Webb et al. (1999), 

inhibin is secreted by a wide size range of ovine and bovine follicles; therefore, inhibin 

most likely plays little or no role in controlling the generation of FSH peaks even though 

the overall release of FSH is moderated by inhibin. Even though, mean FSH in serum is 

highest at the point of emergence of a follicular wave, interestingly the frequency of FSH 

pulses rises throughout the phase of follicular growth of the wave (Bartlewski et al., 2000a). 

The initial wave of the oestrous cycle has an extended life-span (Bartlewski et al., 1999b, 

Duggavathi et al., 2001) probably because the frequency ofLH pulses is greater during the 

beginning of the oestrous cycle when serum progesterone levels are low (Goodman, 1994). 

1. 7 Ovine corpus luteum formation, growth, and secretion 

Past observations on ovine CL growth have largely been attained using surgical 

procedures, like laparotomy or endoscopy, or at slaughter (Hutchinson and Robertson, 

1966; Baird and Scaramuzzi, 1975; Oldham and Lindsay, 1980; Keisler et al., 1983; 

McNatty et al., 1984a-b; Arthur et al., 1989). The relationship between day-to-day 

alterations in peripheral blood concentrations of progesterone and the dimensions of the CL 

has been revisited recently using ultrasonography for cyclic and pregnant heifers (Kastelic 
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et al., 1990) and in ewes during the transition to the breeding season (Bartlewski et al., 

1999c), breeding season (Bartlewski et al., 1999b), and transition to anoestrus (Bartlewski 

et al., 1999d). Bartlewski et al. (1999c) found that, throughout the ovulatory season's initial 

oestrous cycle in sheep, the maximal serum concentrations of progesterone and luteal 

volumes were lower compared with the mid-breeding season. During the breeding season, 

serum concentrations of progesterone increased more slowly than the volume of luteal 

structures throughout CL development (Bartlewski et al., 1999b). Throughout luteal 

regression during the breeding season, the reduction in luteal volumes equalled that of or 

was much slower than the reduction in progesterone production in sheep (Bartlewski et al., 

1999b). According to Bartlewski et al. (1999d), ewes in their final luteal phase of the 

ovulatory season had larger CL compared with ewes in the mid-breeding season. 

Throughout the breeding season's final luteal phase, the progesterone plateau stage seemed 

to be blunted and maximal serum progesterone concentrations seemed to be less in 

comparison to the ovine mid-ovulatory season (Bartlewski et al., 1999d). The authors 

concluded that less ovulations and decreased total luteal volume were the reason for the low 

release of luteal progesterone, but this progesterone release may similarly be due to 

decreased support by LHJFSH. 

Luteinizing hormone is largely responsible for the formation of the CL in the 

oestrous cycle and during pregnancy; LH causes structural and functional modifications in 

the ovulatory follicles' granulosa and theca cells (reviewed by Niswender et al., 1986, and 

Alii a and Dowd, 1991; Wiltbank, 1994; Niswender et al., 2000). LH is further required for 

early luteal function and luteal growth (i.e. start of secretory activity and cellular 

differentiation of luteal cells; Niswender et al., 1986; Farin et al., 1987; Wiltbank and 

Niswender, 1992; Wiltbank, 1994; Niswender et al., 2000). 

Capillary endothelial cells, fibroblasts, large luteal cells, and small luteal cells are 

the four principal kinds of cells found in the ewe's CL (Farin et al., 1989). Research done 

on the luteal cells of cattle in vitro demonstrated that the granulosa and theca cells give rise 

to large and small luteal cells, respectively (Alila and Hansel, 1984; Niswenderet al., 1985; 

Meidan et al., 1990). However, large luteal cells may be formed from small luteal cells 
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when LH is administered to ewes (Farin et al., 1988) and cows (Niswender et al., 1985). 

The number of LHr determines the luteal cell response to gonadotrophins. Ewes 

induced to ovulate with exogenous GnRH in and out of the breeding season have sites 

where LH binds on the large luteal cells (O'Shea et al., 1986; Harrison et al., 1987), but the 

largest concentration of working LHr is found on the small luteal cells (Harrison et al., 

1987). The LHr of the large luteal cells are not associated with the LHr/cAMP system 

involved in the production of progesterone and thus the cells are essentially LH insensitive 

(Hoyer and Niswender, 1986). The large luteal cells have greater basal progesterone 

biosynthesis, even though both luteal cell classes synthesize progesterone (Fitz et al., 1982; 

Harrison et al., 1987). This suggests that LH is not required by large luteal cells for 

progesterone synthesis (Alila and Dowd, 1991). It has been implied that prolactin from the 

pituitary may have a function that is crucial in controlling both the basal and LH-induced 

release of progesterone in domestic ruminants and rodents by regulating luteal LHr binding 

ability and number and by improving the inflow of circulating cholesterol required for 

steroidogenesis (Kann and Denamur, 1974; Murphy and Rajkumar, 1985). 

Throughout the beginning and middle of the luteal phase, both large and small luteal 

cells help to increase the whole mass of luteal tissue. According to 0' Shea et al. (1986) and 

Farin et al. (1989), the large luteal cell number stays quite uniform until the start of 

luteolysis, but between Days 4 and 12 of the oestrous cycle there is an enlargement of these 

cells. In comparison, the small luteal cells multiply from Days 4 to 8 of the cycle, but the 

diameter of these cells is unaltered (O'Shea et al., 1986; Farin et al., 1989). According to 

Farin et al. (1989) between Days 4 and 12, and between days 8 and 16 of the oestrous cycle, 

the capillary endothelial cells and luteal fibroblasts multiply, respectively. Niswender et al. 

(1985) and Schwall et al. (1986) implied that under specific conditions small luteal cells 

may be formed from fibroblasts, which would account for the presence of ovine luteal cells 

that are transitional in their microscopic structure between fibroblasts and small luteal cells 

(O'Shea et al., 1980). 

Throughout the luteal phase, oestradiol from follicles works in conjunction with 

progesterone from the luteal tissue to significantly inhibit the release of LH. Therefore at 
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mid-cycle, when serum LH concentration is minimal progesterone concentration 1s 

maximal (Goodman et al., 1981; Baird, 1992). According to Farin et al. (1987), this 

suggests that large ovine luteal cells have reached total secretory capacity or have enlarged 

at mid-cycle to compensate for the diminished production of progesterone by LH -dependent 

small luteal cells. Niswender et al. (1985) calculated that the large luteal cells made about 

80% of the progesterone produced by the luteal tissue during this part of the cycle. 

It has been established that oxytocin is made by the ruminants' (cows, sheep and 

red deer) large luteal cells (Wathes and Swann, 1982; Rodgers et al., 1983; Fields and 

Fields, 1986; Sawyer et al, 1986). During the ovine oestrous cycle, oxytocin levels rise 

between Days 5 and 8 in plasma (Sheldrick and Flint, 1981; Flint and Sheldrick, 1983) and 

then stay high until Day 15 in the CL (lvell et al., 1985). 

1.8 Hormonal regulation of luteolysis 

In ruminants, the luteolytic factor is prostaglandin F2a (PGF2a) which is released 

from the endometrial glands of the uterus (reviewed by Knickerbocker et al., 1988). PGF2a 

travels to the ovary locally by way of the uterine venous and lymphatic vessels and ovarian 

artery (Koziorowski et al., 1989). In ewes, large luteal cells mainly contain the PGF2a 

receptors, while small luteal cells are insensitive to PGF2a in vitro (Fitz et al., 1982). 

According to Spencer (1998), functional luteolysis (decline in the capacity to release 

progesterone) can be induced by PGF2a through interference with the transfer of cholesterol 

through membranes of the mitochondria and by way of large luteal cell receptors. Likewise, 

cells of the CL's endothelium can be induced to secrete endothelin 1 by PGF2a (Meiden et 

al., 1999). Vasoconstriction and decreased CL release of progesterone is induced by 

endothelin 1. Likewise, monocytes may be drawn to the CL by endothelin 1 and 

macrophage secretion of transforming growth factor ex might be the first cue for apoptosis 

and degeneration of the CL' s structure. 
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In sheep, PGF2a secretion is regulated by ovarian oestradiol, progesterone, and 

oxytocin. To ready the endometrium for PGF2a synthesis, the uterus needs to be exposed 

to high levels of progesterone for a specific period of time (Silvia et al., 1991). It has been 

suggested that the duration of exposure to luteal phase progesterone concentrations permits 

the buildup of prostaglandin endoperoxidase, arachidonic acid, and other substrates 

required for PGF2a production (Knickerbockeret al., 1988; Silvia et al., 1991) even though 

levels of endometrial progesterone receptors are maximum at oestrus and gradually 

decrease throughout the luteal phase (Zelinski et al., 1982). The number of receptors for 

oestradiol increases in response to progesterone down-regulating its own receptors 

(Spencer, 1998; Juengel and Niswender, 1999). The production of endometrial oxytocin 

and oestradiol receptors is stimulated by follicular oestradiol near the completion of the 

luteal phase (Roberts et al., 1975, 1976; Koligian and Stormshak, 1977; Spencer, 1998; 

Juengel and Niswender, 1999). The effect of oestradiol on the recruitment of oxytocin 

receptors (OTr) is markedly amplified by early exposure to progesterone and the secretion 

of PGF2a is amplified by oestradiol (Ford et al., 1975; McCracken et al., 1984; Fogwell et 

al., 1985; Romanies and Silvia, 1988; Vallet et al., 1990). An increase in pulsatile PGF2a 

secretion and an elevation in the number of OTr is related to the decrease in circulating 

progesterone concentrations (Sheldrick and Flint, 1985). In sheep, endometrial OTr 

increase can be seen as soon as six hours after the withdrawal of progesterone (Leavitt et 

al., 1985). 

In ewes, luteal oxytocin and, perhaps, neurohypophysin have a prominent function 

in the process that regulates PGF2a secretion (Sharma and Fitzpatrick, 1974; Roberts et al., 

1976; Wathes and Swann, 1982; Flint and Sheldrick, 1986). Pulsatile PGF2a secretion is 

induced by oxytocin following increases in endometrial OTr on approximately Day 14 of 

the sheep oestrous cycle (Flint and Sheldrick, 1983; Hooper et al., 1986). Nonetheless, it 

is still a mystery as to what the substance is that induces the initial increase in secretion of 

PGF2a· Increased episodic PGF2a secretion seen in the uterine venous effluent occurs in 

spite of any apparent alteration in the pattern of oxytocin secretion (Moore et al., 1986). 

The trigger for this initial utero-ovarian feedback mechanism has been proposed by Silvia 
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et al. ( 1991) to be resident in the uterine portion of the loop. 

1.9 Seasonality in ewes 

1.9.1 Neuroendocrine and photoperiodic control of ovine seasonal reproductive 

activity 

In mammals that are seasonal breeders, breeding occurs once a year and birth is 

positioned in the season (spring) or at a time that is most beneficial to the offspring (i.e., 

the season of increasing warmth and day length, and when nourishment is plentiful for the 

mother ensuring a suitable lactation; Thibault et al., 1993). Mammals control their 

circannual pattern of reproduction through the detection of outside cues. Of all 

environmental cues, the signal that is most reliable for matching the cycle of climate with 

the phenomena of reproduction is the change in the duration of day length throughout the 

year; day-length patterns stay unaltered from year to year (Goodman, 1994). 

Sheep are "short-day breeders", the non-breeding season or seasonal anoestrus is 

induced by exposure to long or increasing duration of day length, while cyclicity is 

stimulated by short or diminishing photoperiods (Marshall, 1937; Hammond, Jr., 1944; 

Yeates, 1949; Hafez, 1952; Legan and Karsch, 1979; Karsch et al., 1984; Robinson, 1988; 

Wayne et al., 1990; O'Callaghan et al., 1991; Goodman, 1994). Experimentally, this 

photoperiod regulation of cyclicity can be replicated to either re-stimulate or inhibit 

operation of the ovary by subjecting sheep to simulated short (activating outcome) or 

lengthy (suppressive outcome) durations of day length (Clegg et al., 1965; Walton, 1975; 

Walton et al., 1977; Legan and Karsch, 1980; Lincoln and Short, 1980; Nicholls et al., 

1989). Wodzicka-Tomaszewskaet al. (1967) and Poulton and Robinson (1987) showed that 

there is little or no effect of temperature variation, or other climatic or environmental 

signals, on the seasonal pattern of reproduction in sheep. 

In sheep originating from temperate areas, the breeding season begins in late 

summer and ends in late winter (Karsch et al., 1979; Legan and Karsch, 1979). In 

comparison, in breeds that evolved in tropical areas seasonality is not as marked and 
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cyclicity is even sustained during the entire year in a few instances like the South African 

and Australian Merino sheep (Robinson, 1959, 1980). However, in such breeds (eg., 

Merino), the highest ovuJation rates occur in the fall which corresponds to the breeding 

season of breeds with a more evident seasonality (Dun et al., 1960). When directed by 

identical environmental influences, the breeding season tends to be shorter in sheep breeds 

with lower ovulation rates than those with higher ovulation rates (Webster and Haresign, 

1983). 

Photo refractoriness is the main cause of both the start and end of ovine seasonal 

anoestrus and the breeding season (Hamner, 1968; Robinson andFollet, 1982; Worthy and 

Haresign, 1983; Robinson and Karsch, 1984; Robinson et al., 1985). Robinson and Follet 

(1982) define photorefractoriness as a state of developed non-receptiveness to the 

suppressive or activating effects of long or short durations of day length. The breeding 

season is not prolonged with artificial extension of short day length after the winter solstice 

(Robinson and Karsch, 1984 ). Likewise, Robinson et al. (1985) experimentally maintained 

sheep on the photoperiod of the summer solstice but did not alter the timing of the start of 

the breeding season. According to Goodman (1994, 1998), when ewes are subjected to 

uniform day length an endogenous yearly cycle is evident, although it does become 

detached from season. From these findings, it was determined that the progression of 

insensitivity to particular change in day length was the primary regulator of the subsequent 

annual reproductive pattern (Clegg et al., 1965; Karsch et al., 1980; Goodman and Karsch, 

1981a-b; Malpaux et al., 1988). However, the day length pattern throughout the summer 

(summer solstice to autumn equinox) seems to be the most important cue for seasonal 

reproduction, although elements of the pattern of spring and autumn may have an effect 

(Woodfill et al., 1994). It appears that an endogenous circannual pattern regulates shifts in 

ovine reproduction and that photoperiod is the sole cue to align these shifts to 

environmental patterns. 

The interpretation of photoperiodic cues into hormonal data is an important function 

of the pineal gland (Lincoln, 1992). The hypothalamic suprachiasmatic nucleus (SCN) 

receives input directly from the eyes, from the SCN it is transmitted to thoracic spinal 
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nerves and through the superior cervical ganglion to the pineal gland. The pineal gland is 

equally crucial for both the shift into seasonal anoestrus and the breeding season (Bittman 

et al., 1983a-b). Every photoperiod-associated reproductive transition during the year is 

interfered with by removal of the pineal gland (Kennaway et al., 1982). Melatonin is an 

endogenous indoleamine released by the pineal gland (Rollag and Niswender, 1976; Earl 

et al., 1985). Immediately following the beginning of darkness, the secretion of melatonin 

rises and light inhibits its secretion (Rollag and Niswender, 1976; Rollag et al., 1978; Earl 

et al., 1985). Therefore, since the variation in photoperiod (pattern of light and dark) nearly 

mirrors that of the melatonin release pattern, it has been proposed that melatonin transmits 

the photoperiod pattern to synchronize seasonal ovine reproductive activity. Kennaway et 

al. (1982, 1983a-b, 1984) conducted a series of experiments in which the beginning of the 

ovine breeding season was advanced in animals fed melatonin while being maintained on 

a long-day regime. Also, the pattern of LH secretion, normally seen during short days, was 

produced in sheep without pineal glands but fed melatonin (Bittman et al., 1983b; Bittman 

and Karsch, 1984; Yellon et al., 1985, Malpaux et al., 1989). The proposed physiological 

function of melatonin is partially in disagreement with the photorefractoriness hypothesis. 

Melatonin's function in beginning shift phases in reproductive activity maybe questioned 

if shifts to seasonal anoestrus and the breeding season are primarily induced by acquiring 

an insensitivity to the photoperiod present. While an ineffective hypothalamic-hypophyseal 

axis reaction to melatonin (Karsch et al., 1986; Malpaux et al., 1987, 1988; Wayne et al., 

1988) or a temporary melatonin release inadequacy (Almeida and Lincoln, 1984; Thurn et 

al., 1984) were proposed to explain photorefractoriness, the true explanation of the 

regulation of the process of reproductive seasonality in sheep and reliance on melatonin 

secretory patterns are nonetheless not clear. However, more recent work in this field by 

Woodfill et al. (1994) suggested that sheep do not apply all of the yearly secretory profile 

of melatonin to signal their circannual pattern of reproduction to season. The rhythm of 

release of melatonin throughout the summer (summer solstice to autumn equinox) is most 

important, although elements of spring and autumn may have an effect (Woodfill et al., 

1994). 
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The pars tuberalis, which is near the median eminence (ME), is an area in the 

anterior pituitary gland shown to contain receptors for melatonin (de Reviers et al., 1989; 

Bittman and Weaver, 1990; Stankov et al., 1991; Helliwell and Williams, 1992). LHIFSH 

release from the pars distalis is directly regulated by the ME (Bittman and Weaver, 1990); 

however, these two areas show considerably lower binding to melatonin (de Reviers et al., 

1989; Bittman and Weaver, 1990; Stankov et al., 1991; Helliwell and Williams, 1992). 

Melatonin receptors are found in the MBH (Bittman and Weaver, 1990) and the rostral 

hypothalamic region (Bittman and Weaver, 1990; Stankov et al., 1991; Helliwell and 

Williams, 1992). GnRH neurons in the MBH contain melatonin receptors. Robinson et al. 

(1986) postulated that the activity of melatonin in sheep was aimed at neurological 

processes that did not control the sensitivity of the hypophysis to GnRH pulses, but instead 

regulated the GnRH pulse generator directly. 

Striking alterations in sensitivity of the hypothalamic-hypophyseal axis in terms of 

LH secretory response to the negative feedback effects of oestradiol are associated with 

transitions between periods of the ovine reproductive pattern throughout the year (Legan 

et al., 1977; Karsch et al. 1978; Legan and Karsch, 1979; Goodman et al., 1980, Martinet 

al., 1983). Both the amplitude and frequency of LH pulses are significantly decreased by 

oestradiol throughout seasonal anoestrus, but only LH pulse amplitude is reduced by 

oestradiol in the breeding season (Karsch et al., 1980; Lincoln and Short, 1980; Goodman 

et al., 1981; Martin et al., 1983; Robinson, 1988). Goodman (1994) proposed that 

melatonin adjusts the reproductive pattern throughout the year, by inhibition and/or 

stimulation of separate oestradiol-independent and oestradiol-responsive neurons, such that 

long days inhibit the frequency of LH and GnRH pulses. Reeves et al. (1971) discovered 

that mean FSH concentrations in serum were inhibited by oestradiol in a dose-dependent 

manner throughout seasonal anoestrus. Therefore, oestradiol negative-feedback effects may 

alter the rhythm of both LH and FSH release throughout anoestrus. 

Herbison (1995) stated that oestrogen receptors are not found in the nuclei of 

neurons containing GnRH. The effects of oestrogen on GnRH neurons are mediated by 

neurons impinging synapses on the GnRH neurons. Steroid-dependent effects of daylight 
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on gonadotrophin secretion in anoestrous ewes are mediated by dopaminergic (Meyer and 

Goodman, 1985, 1986; Havem et al., 1994; Tortonese and Lincoln, 1994; Lincoln and 

Tortonese, 1995) and catecholaminergic (Meyer and Goodman, 1985, 1986; Goodman, 

1989; Havem et al., 1994) networks, while it is primarily serotonergic networks that 

mediate steroid-independent control (Meyer and Goodman, 1985; Schillo et al., 1985; 

Meyer and Goodman, 1986; Whisnant and Goodman, 1990; le Carre and Chemineau, 

1993). Herbison (1995) concluded that oestradiol-dependent neuronal regulation ofGnRH 

secretion probably also involved nitric oxide producing cells. 

1.9.2 Ovine ovarian activity and the endocrine systems role throughout seasonal 

anoestrus 

According to Barrel et al. (1992), frequency changes in GnRH pulses are the only 

cause of season-correlated variations in pulsatile LH release. Other components of the 

ovine hypothalamic-hypophyseal-ovarian axis stay unaltered in the non-breeding season 

(Legan and Karsch, 1979), except perhaps for a small decrease in the sensitivity of the 

ovine ovary to LH (Karsch et al., 1980). 

Following the final luteolysis at the end of the breeding season there is a small 

increase in pulsed LH secretion but not of oestradiol secretion (Rawlings et al., 1977; 

Karsch et al., 1979). The onset of anoestrus reflects a powerful shift in the role of oestradiol 

to suppressing LH pulse frequency (see section 1.9.1 above) and preventing the normal 

preovulatory endocrine cascade (Karsch et al., 1979; Goodman, 1994 ). Subsequent! y, serum 

concentrations of progesterone and LH decline to their lowest concentrations 

(Yuthasastrakosol et al., 1977; Jackson and Davis, 1979; Joseph et al., 1992). From the 

middle of seasonal anoestrus to the cessation of seasonal anoestrus, there is little variation 

in LH pulse frequency (Yuthasastrakosol et al., 1977; Jackson and Davis, 1979; Walton et 

al., 1980; McNatty et al., 1984a-b). 
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During anoestrus, there are transient periodic increases in serum progesterone 

concentrations above basal concentrations (Thorburn et al., 1969; Yuthasastrakosol et al., 

1975; Walton et al., 1977; !'Anson, 1983; Ravindra, 1993) and mean levels of serum 

oestradiol are very low (Yuthasastrakosol et al., 1975). Near the cessation of seasonal 

anoestrus, renewed release of LH pulses, due to a decrease in the action of processes 

suppressing LH pulse amplitude and frequency, results in elevated synthesis of oestradiol 

by ovarian follicles, which then stimulates the initial preovulatory discharge ofLH (Karsch 

et al., 1980). Legan et al. (1985) proposed that the biggest antral follicles are not 

sufficiently developed to ovulate and become healthy CL in response to this initial 

discharge of LH. In most sheep, at the beginning of the breeding season, there is a short 

period of progesterone secretion (short luteal phase; Walton et al. (1977); Berardinelli et 

al. (1979); Foster and Ryan (1979); Legan et al., 1985). According to Bartlewski et al. 

(1999c), at the onset of the breeding season there is a preovulatory-like discharge of LH 

without oestrus or ovulation, followed by a phase of progesterone secretion varying in 

length from a few days to a normal length luteal phase. The source of this progesterone was 

luteinized follicles in some ewes, some ewes had short-lived CL, but in some ewes the 

source of progesterone was unclear (Bartlewski et al., 1999c). In sheep, it still has to be 

discovered what the origin is of this progesterone observed at the shift to seasonal oestrus 

and throughout the non-breeding season. Following this initial, irregular length phase of 

progesterone secretion, ewes showed a synchronous oestrus and ovulation (Bartlewski et 

al., 1999c ). The preovulatory peak of oestradiol only appears substantial at the second cycle 

of the season (Yuthasastrakosol et al., 1975). 

In anoestrus, FSH secretion appears non-pulsatile and there do not appear to be 

major shifts in mean serum concentrations of FSH between the breeding season and 

anoestrus (Karsch et al., 1979; Wallace and McNeilly, 1986). Bister and Paquay (1983) 

showed periodic peaks in FSH secretion every four to five days. 

The ovaries of seasonally anoestrous sheep are not dormant as shown by the 

postmortem experiments of Hutchinson and Robertson (1966), Smeaton and Robertson 

(1971), and McNatty et al. (1984b). Brand and de Jong (1973) conducted an experiment 
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comparing the ovaries from sheep slaughtered from Days 5 to 17 of the oestrous cycle and 

those sacrificed throughout the non-breeding season and found that there was no variation 

in the average antral follicle number and greatest follicle size. There have been some 

reports that the numbers of small antral follicles were lower during the breeding season 

compared with the non -breeding season (Hutchinson and Robertson, 1966; Ra vindra, 1993; 

Bartlewski et al., 1998). Ravindra (1993) conducted ovarian ultrasound analysis about 55 

and 30 days before the onset of the breeding season. Between the two intervals of scanning 

in the non-breeding season, antral follicle numbers with a diameter ~0.2 em did not vary, 

and no antral follicles with a size ~0.6 em were noted. In seasonal anoestrus, Noel et al. 

(1993) showed a discrete wavelike pattern of the largest follicles in an experiment 

employing laparoscopy in sheep. According to Bartlewski et al. (1998, 1999c-d), antral 

follicle wave development continues throughout anoestrus. At the cessation of the breeding 

season but not at the beginning of the following season, some wave abnormalities are 

observed in sheep (Bartlewski et al., 1998, 1999c-d). 

1.10 Controlled breeding 

1.10.1 Aspects of controlled reproduction in sheep 

Existing techniques for the synchronization of oestrus in sheep do not give precise 

synchronization of ovulation. Unless a short anoestrous or prolific breed is used, fertility 

to managed breeding during seasonal anoestrus is frequently less than ideal with most 

familiar British breeds (Gordon, 1997). There is increasing interest in embryo transfer (ET) 

and artificial insemination (AI) with frozen and fresh semen, to propagate desired genetics 

(Gordon, 1997) and this requires very precise synchrony of oestrus/ovulation. Successful 

out of season breeding is required to remove the seasonality of fat lamb production. At 

present, heavy reliance is placed upon the success of existing techniques for controlled 

breeding (progestogen sponges with or without PMSG, PGF2a). The characteristics of 

ovulating follicles and the timing of ovulation can be very inconsistent when oestrus is 

synchronized and this could be a reason for the reduced fertility seen out of season 
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(Gordon, 1997; Bartlewski et al., 1998). If timed AI is to be used in ET protocols, the 

inconsistency in the timing of ovulation at synchronized oestrus is a definite problem 

(Gordon, 1997). 

1.10.2 Artificial regulation of oestrus and ovulation 

1.1 0.2.1 Progestogens 

Progestogens are normally used to trum1c the luteal phase, suppress the 

hypothalamic-pituitary axis, and synchronize the oestrous cycle. Progestogens commonly 

used for oestrous synchronization are progesterone and synthetic compounds like 

fluorogestone acetate (FGA), medroxyprogesterone acetate (MAP), melengestrol acetate 

(MGA), and norgestomet. Progestogens can be administered through many different 

vehicles: orally, in implants, or intra-vaginally. The most commonly used oral progestogen 

is MGA and it is administered by mixing it with the animal's feed. The most common 

progestogen used in implants is norgestomet and these implants are normally placed 

subcutaneously in the ear. The most commonly used progestogens used in intravaginal 

devices are FGA (sponge), MAP (sponge), and progesterone (sponge and controlled 

internal drug releasing device (CIDR)). 

When sponges or CIDRs are used, they are typically left in the animal for twelve 

to fourteen days to synchronize oestrus and ovulation. In normally cycling ewes, the 

intravaginal progestogen treatment by itself (FGA; MAP) is sufficient for regulating oestrus 

(Robinson, 1988). During the breeding season, treating ewes with 60 mg MAP sponges 

resulted in 94.5% of these ewes being bred (Gordon, 1983). In ewes treated with 60 mg 

MAP sponges for twelve days, approximately 55% and 90% of them came into oestrus 48 

hours and 96 hours after sponge withdrawal, respectively (Vifioles et al., 2001). After the 

removal of progestogen, there presumably is a LHIFSH surge from the anterior pituitary 

adequate to induce the hormonal events that cause oestrus and ovulation. In or out of the 

breeding season, ovulation occurs about three days after sponge removal (Gordon, 1997). 
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According to Robinson (1973), there is substantial evidence to demonstrate that any 

subfertility attributed to progestogen treatment in ewes is likely the consequence of an 

inadequacy in the fertilization procedure rather than anything else; this inadequacy arises, 

he suggests, from problems associated with survival and transport of sperm in the cranial 

section of the cervix. However, as timing of ovulation is variable subfertility could result 

from deleterious effects on ovarian follicle growth. 

1.10.2.2 PMSG and PMSG-progestogen combinations 

Pregnant mare serum gonadotrophin is a glycoprotein (MW= 68,000) produced by 

the endometrial cups in the equine species from Day 35 to 60 of gestation. The endometrial 

cups are of trophoblastic and endometrial origin. In horses, PMSG helps to maintain the 

primary CL and induces the formation of accessory CL. In other species, PMSG has a 

double gonadotrophic effect, having both FSH (80%) and LH (20%) activity. PMSG has 

a half-life of 63 hours while FSH has one of 2-3 hours. For many years, PMSG was used 

to induce ovulations and to increase the ovulation rate through superovulation (SO) 

protocols. 

Robinson (1951) utilised a procedure in which a single dose of PMSG was given 

to ewes during the follicular phase (normally Day 12/13); the technique was efficient in 

stimulating extra ovulations, with a dose-response relationship seen throughout the 500-

2000 IV range. 

In and out of the breeding season, the progestogen sponge-PMSG treatment regime 

involves a twelve to fourteen-day period of sponging followed by a 500-750 IU dose of 

PMSG at the time of sponge withdrawal to synchronize oestrus and ovulation (Gordon, 

1997). In response to standard progestogen-PMSG treatment during the summer and 

autumn, 97.0 and 97.2% of the ewes came into oestrus, respectively (Gordon, 1983). The 

usual response of cyclic ewes to a progestogen-PMSG treatment is that oestrus begins 

approximately 36 hours after sponge removal and lasts for approximately 36 hours, while 

ovulation occurs during or after the last couple of hours of oestrus (Gordon, 1975; Boland 
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et al., 1978). A proportion of these ewes come into heat earlier (24 hours) or later (48 

hours). Pregnant mare serum gonadotrophin used at the time of progestogen withdrawal 

decreases the interval to oestrus in cycling ewes (Botha et al., 1975). For progestogen 

treatment to be effective in the initiation of oestrus during the anoestrous period there must 

be adequate gonadotrophin available to cause the preovulatory cascade (Robinson, 1988). 

This justifies the addition of some quantity of exogenous FSH to the existing levels of 

endogenous gonadotrophin; PMSG is the typical gonadotrophin used for this objective 

(Robinson, 1988). In anoestrous ewes, very few ewes come into oestrus and ovulate without 

PMSG. The exact way in which PMSG affects the waves of antral follicle growth to 

effectively stimulate ovulation in anoestrous ewes is not known. Although ewes in the 

breeding season show oestrus after progestogen removal without use of exogenous 

gonadotrophins, a more predictable and exact synchronization of oestrus/ovulation can be 

obtained with a small dose of PMSG (375 IU), and this can have a positive impact on the 

results of set-time AI schemes (Colas et al, 1973; Jennings and Quirke, 1976). Ewes treated 

with 60 mg MAP sponges for twelve days and an injection of 250 IU PMSG on the day of 

sponge removal had a slightly, but not significantly, higher pregnancy rate than ewes treated 

only with the sponge (Vifioles et al., 2001). The exact way in which PMSG affects the 

waves of antral follicle growth in normally cycling ewes is unknown. Ewes administered 

500 IU PMSG at the time of FGA-sponge withdrawal had a marked ovulatory response 

(Ainsworth et al., 1977). Pregnant mare serum gonadotrophin used in combination with 

different progestogens (FGAIMAP/norgestomet) has been shown to increase the number 

of oocytes released at the controlled oestrus in the breeding season (Boland et al., 1979). 

The field experiments of the Meat and Livestock Commission of Great Britain, 

consisting of a thousand sheep given a MAP-PMSG treatment, resulted in conception rates 

in the range of 52% to 78% (mean= 59%; Anon, 1978). Why the progestogen/PMSG 

treatment gives variable fertility in normally cycling ewes is unclear. Lambing rates of 

71.9% have been reported in cycling sheep receiving 500 IU PMSG at MAP sponge 

withdrawal (Al-Kamali et al, 1990). Based on extensive experimental evidence, 

approximately 60-70 % of ewes will conceive from first matings; and combined first and 

47 



second mating, results give approximately 80 % conception rates (seasonal anoestrous 

treatment; Gordon, 1997). 

1.10.2.3 Superovulation using PMSG 

Some evidence for the mechanisms by which PMSG may alter follicular dynamics 

in sheep can be found in studies involving superovulatory doses of PMSG. It is important 

to note that the doses of PMSG given in these studies are promoting pharmacological 

effects, rather than physiological. 

In ewes, pregnant mare serum gonadotrophin seems to affect follicle morphology 

(Driancourt and Fry, 1992), ovulation (Boland et al., 1979; Armstrong and Evans, 1983; 

Driancourt and Fry, 1992), and steroidogenesis (Moor et al., 1985; Jabbour and Evans, 

1991; Driancourt and Fry, 1992), and cause early oocyte activation (Moor et al., 1985). 

The earliest studies of superovulation with PMSG attempted to increase litter size 

by giving PMSG (250-1000 IU) to sheep in their follicular phase (Days 12/13; Robinson, 

1951; Wallace et al., 1954; Palsson, 1956; Gordon, 1958; Palsson, 1962; Gordon, 1967). 

A dose-related ovarian response can be caused by PMSG in cycling sheep. For example, 

in one study, the PMSG dose was increased from 700 IU to 1300 IU (administered on Day 

12/13 of the cycle) and the ovulation rate rose from 2.8 to 9.1 (Averill, 1958). However, 

as the dose of PMSG increases, there is an increase in the number of large follicles that do 

not ovulate (Averill, 1958). In several earlier studies, it was shown that the SO response of 

ewes to repetitive treatments of PMSG did not result in decreased responsiveness (Moore 

and Shelton, 1962; Palsson 1962; Lynch, 1968; Gherardi and Martin, 1978; Fukui et al., 

1985; Torres and Sevellec, 1987). 

Driancourt and Fry (1992) studied ovulatory follicle growth and development in 

sheep in response to superovulatory doses of porcine FSH (pFSH) or PMSG. When large 

follicles of control (progestogen sponge) or PMSG (1000 IU) treated ewes were compared 

at sixteen hours after sponge withdrawal, those of control and PMSG treated ewes had 

comparable numbers of granulosa cells (Driancourt and Fry, 1992). Comparison of the 
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morphological characteristics of the preovulatory follicles of PMSG superovulated ewes 

with control ewes showed a smaller diameter, an increased spread of this diameter and of 

the granulosa cell content in follicles of the PMSG treated ewes (Driancourt and Fry, 1992). 

When three different superovulatory treatments (pFSH, PMSG, and pFSH-PMSG) 

were compared, there were no differences in the average interval to the beginning of oestrus 

(24. 7 ± 2.3 hours after sponge removal) or the interval to the beginning of ovulation (2-2.25 

days after sponge removal; Jabbour and Evans, 1991). These intervals are similar to those 

induced by the standard synchronization treatment of 500IU PMSG and a progestogen 

sponge. In Suffolk ewes, PMSG caused increased variability in ovulation rate, an increased 

occurrence of large follicles that failed to ovulate and a smaller percentage of sheep 

generating embryos adequate for transfer than did pFSH (Armstrong and Evans, 1983). 

When used at high doses for superovulation in sheep, PMSG is believed to increase 

ovulation rate by recruiting small follicles to grow, increasing follicle growth rate (up to 

a threefold increase), but it does not rescue follicles from atresia (Driancourt and Fry, 

1992). Superovulatory responses are also highly variable (Driancourt and Fry, 1992). 

When the steroid synthesizing capacity of entire follicles (;:::4 mm in diameter and 

incubated in vitro) was analysed, PMSG treated follicles had elevated progesterone 

synthesis compared with control follicles (Driancourt and Fry, 1992). The average 

preovulatory peripheral plasma peak oestradiol concentration per follicle was lower after 

treatment with either pFSH or pFSHIPMSG than with PMSG (Jabbour and Evans, 1991). 

Additionally, oestradiol peaked sooner in the ewes given PMSG than in those given 

PMSG/pFSH or pFSH (Jabbour and Evans, 1991). Apparently, superovulatory doses of 

PMSG increase the steroid synthesizing capacity of antral follicles. 

1.10.2.4 Prostaglandin F 2o: and its analogues 

The CL of the ewe is only responsive to PGF2a between Days 4 and 14 of the 

oestrous cycle (Day 0= oestrus; Charnley et al., 1972). Therefore, to achieve reasonable 

oestrous synchronization, two injections ofPGF2a are given -nine days apart, to make sure 
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that every ewe in the flock is at the correct stage of the cycle to respond (Gordon, 1997). 

Boland et al. (1978a-b) showed that fertility was quite variable after oestrous 

synchronization with PGF2a in sheep; however, other workers did not find deleterious 

effects of PGF2a on fertility (Haresign, 1980). Some Australian researchers found that in 

sheep bred by AI at the oestrus regulated by PGF2a, fertilization and lambing rates were 

decreased (Faimie et al., 1976; Lightfoot et al., 1976). Studies conducted by Irish 

researchers, comparing progestogen- and PGF2a-treated sheep, demonstrated a significant 

reduction in the oestrous response after PGF2a and reduced fertility when both AI or natural 

mating was the breeding technique (Jennings, 1975; Boland et al., 1978a-b). Hawk and 

Conley (1975) suggested that PGF2a treatment caused a partial suppression of cervical 

sperm transport and of oviductal sperm movement in sheep; however, the reason for sub

optimal fertility with oestrous synchronization using PGF2a in the ewe is still unclear. 

Neither prostaglandin treatment itself, nor the day of the cycle on which PGF2a 

treatment is administered, seems to affect ovulation rate in ewes (Bindon et al., 1976; 

Houghton et al., 1995; Gordon, 1997). Although the average time from PGF2a treatment 

to ovulation is seventy hours in sheep (Gordon, 1997), the timing of the onset of oestrus 

and the preovulatory LH surge is affected by the specific day of the cycle on which PGF2a 

is administered (Acritopoulou and Haresign, 1980; Deaver et al., 1986; Houghton et al., 

1995). The interval from PGF2a injection to ovulation varies in heifers depending on the 

wave from which the ovulatory follicle arises (Kastelic and Ginther, 1991). The effects of 

PGF2a treatment(s) on the patterns of large antral follicle dynamics in sheep are not known. 

1.11 General objectives 

In this research project we examined the synchronization of oestrus and ovulation 

in sheep. The major objective was to discover why commonly used techniques for oestrous 

synchronization (PGF2a, progestogen sponge/PMSG) do not give good fertility, particularly 

out of season. This major goal was achieved through characterization of circulating 

progesterone, oestradiol, and FSH levels in association with the dynamics of antral follicles 

50 



and luteal structure/CL growth by employing evaluation RIA and transrectal ovarian 

ultrasonography in sheep. 

Two primary objectives of the PGF2o: oestrous synchronization study were 1) to use 

daily transrectal ovarian ultrasonography and hormone measurements to examine the 

effects of two injections of PGF2o: given nine days apart on ovarian antral follicle 

development; and 2) to compare antral follicle dynamics and ovulatory responses between 

ewes receiving the first PGF2o: injection early or late in the luteal phase. Both objectives 

were designed to see if PGF2o: treatment disrupted ovarian antral follicle dynamics in the 

cyclic ewe. 

The objective of the progestogen sponge/PMSG study was to use daily transrectal 

ovarian ultrasonography and hormone measurements to examine the effects of a combined 

twelve-day progestogen sponge treatment, with or without injection of 500 IU PMSG, on 

ovarian antral follicle development, in and out of the breeding season of the ewe. 

1.12 Hypothesis 

1. A disruption of the wavelike pattern of antral follicle growth during the oestrous 

cycle could contribute to the variable fertility seen after PGF2o: treatment in ewes. 

2. Five hundred IU of PMSG given at the end of a twelve-day period of MAP sponge 

treatment would alter antral follicle numbers, size, steroidogenic capacity, growth 

characteristics, and/or recruitment patterns in such a manner that could be 

detrimental to fertility. 
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Chapter 4. GENERAL METHODOLOGICAL CONSIDERATIONS 

4.1 Animals and management 

Clinically healthy, nulliparous Western White-Face crossbred ewes that were three 

to six years old and weighed 54 to 114 kg were used in these studies. The Western White

Face breed is a cross between the Columbia and Rambouillet breeds. The mid-breeding 

season ovulation rate of the Western White- Face is 1.8 ± 0.2 (Bartlewski et al., 1999b). 

The sheep were kept outdoors in sheltered paddocks; cobalt iodized salt licks, hay, and 

water were available ad libitum. 

4.2 Ultrasound Technique 

Ovarian ultrasonography involved the use of a 7 .5-MHz transducer stiffened with 

a hollow plastic rod and a B-mode, real-time echo camera (Aloka SSD 500, Overseas 

Monitor, Richmond, BC, Canada). This technique has been validated for monitoring 

ovarian follicular dynamics in sheep (Schrick et al., 1993; Ravindra et al., 1994 ), and recent 

studies using parallel surgical laparotomy showed that ultrasonography correctly identified 

ovulation 96% of the time (23/24; unpublished observations). To make sure that there was 

constant ovarian image quality, images were viewed at 1.5X magnification with constant 

gain settings. Using a VCR (Panasonic AG 1970 Proline, Matsushita Electric, ON, 

Canada), chosen ovarian images were recorded on high-grade video tapes (Fuji S-VHS, ST-

120 N) for later examination. The position and dimension of luteal structures and follicles 

were also recorded on ovarian charts. 
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4.3 Follicular Data Analysis 

A follicular wave was defined as one or more Graafian follicles that increased in 

size from 3 to ~ 5 mm in diameter, and that emerged from the pool of 3 mm follicles within 

a maximum period of 48 hours (Bartlewski et al., 1998). The follicle's growing, static and 

regressing phases have previously been defined (Bartlewski et al., 1998). Ovulation was 

detected with ultrasonography as the collapse or disappearance of a large follicle (~5 mm 

in diameter) that had been growing for several days. Follicular data were integrated for both 

ovaries of each animal. 

4.4 Blood Sampling and Hormone Analysis 

Daily blood samples (1 0 mL) were collected by jugular venipuncture into 

vacutainers (Becton Dickinson, Franklin Lakes, NJ, USA) and were permitted to clot at 

room temperature for 18 to 24 hours. These samples were then centrifuged for 10 minutes 

at 1500xg, and serum was removed and kept at - 20°C until assayed. 

Progesterone (Rawlings et al., 1984), oestradiol (Joseph et al., 1992), and FSH 

(Currie and Rawlings, 1989) concentrations were measured in serum samples by 

radioimmunoassay procedures. Follicle stimulating hormone concentrations were expressed 

in terms of NIAMDD-oFSH-RP-1. The assay sensitivities (defined as the lowest 

concentration of a hormone capable of significantly dislodging radioactive labelled 

hormone from the antibody) were: 0.03 ng/mL (progesterone), 1.0 pg/mL (oestradiol), and 

0.1 ng/mL (FSH). The ranges of standards were: 0.1 to 10 ng/mL, 1.0 to 100 pg/mL, and 

0.12 to 16.0 ng/mL in the progesterone, oestradiol, and FSH assays, respectively. A 

concentration equivalent to the sensitivity of the assay was assigned to serum samples with 

hormone concentrations lower than the assay sensitivity. 

Peaks ofFSH in blood samples taken daily were identified using the cycle-detection 

software (Clifton and Steiner, 1983). A fluctuation or cycle was defined as a progressive 

rise and fall in hormone concentrations that encapsulated a peak concentration (nadir-to-
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peak-to-nadir). 

Concentrations of FSH were measured in an assay by using FSH antibody in 

serial dilutions of PMSG. The results of this assay indicated that PMSG did not cross

react with FSH because the FSH levels measured were below assay sensitivity. 
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Chapter 3. ULTRASOUND AND ENDOCRINE EVALUATION OF THE 

OVARIAN RESPONSE TO PGF2cx GIVEN AT DIFFERENT STAGES OF THE 

LUTEAL PHASE IN EWES 

3.1 Abstract 

The purpose of this study was to evaluate the ewe's ovarian response, to two 

injections ofPGF2cx, using transrectal ovarian ultrasonography and hormone measurements. 

PGF2cx (Lutalyse®, Upjohn; 15 mg) was given to six cyclic Western White Face ewes early 

in the oestrous cycle (Days 4 to 7) and to six late in the cycle (Days 10 to 12 after 

ovulation), and a second injection was given nine days later. Ultrasound scanning and blood 

sampling started seven days prior to the first PGF2cx injection and ended ten days (scanning) 

or nineteen days (blood sampling) after the second PGF2cx injection, for both groups of 

ewes. Mean ovulation rate (2.6 ± 0.7) did not differ significantly between the ewes first 

treated early or late in the cycle, or after the first or second injections of PGF2cx· The time 

from injection to ovulation was longer in ewes first injected early ( 4.0 ± 0.3 days) compared 

to late (2.8 ± 0.4 days) in the cycle (P<0.05). Both the number of ovulations (range: 0 to 7) 

and time from injection to ovulation (range: 1 to 9 days) were highly variable. This 

variability appeared to be due to the extension of the life-span of ovulating follicles that 

emerged prior to PGF2cx and also ovulation of some follicles that emerged after treatment. 

When results for first and second injections were pooled, the total number of follicles 2::5 

mm in diameter on the day of treatment that failed to ovulate in response to PGF2cx was 

higher in ewes first injected early (0.8 ± 0.2/ewe) compared to late (0.3 ± 0.2/ewe) in the 

cycle (P<0.05). The proportion of detected luteal structures relative to the number of 

ovulations was lower in ewes first injected early compared to late in the cycle (60 and 86%, 

respectively; P<0.05). Disruption of ovulatory follicle dynamics and normalluteogenesis, 
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and variability in the timing of ovulation after PGF2a injections could all contribute to poor 

or variable fertility when prostaglandins are used for oestrous synchronization. 

3.2 Introduction 

The CL of the ewe is only responsive to PGF2a between Days 4 and 14 of the 

oestrous cycle (Day 0= oestrus; Charnley et al., 1972). Therefore, to achieve reasonable 

oestrous synchronization, two injections ofPGF2a are given -nine days apart, to make sure 

that every ewe in the flock is at the correct stage of the cycle to respond (Gordon, 1997). 

Boland et al. (1978a-b) showed that fertility was quite variable after oestrous 

synchronization with PGF2a in sheep; however, other workers did not find deleterious 

effects of PGF2a on fertility (Haresign, 1980). Some Australian researchers found that in 

sheep bred by AI at the oestrus regulated by PGF2a, fertilization and lambing rates were 

decreased (Fairnie et al., 1976; Lightfoot et al., 1976). Studies conducted by Irish 

researchers, comparing progestogen- and PGF2a-treated sheep, demonstrated a significant 

reduction in the oestrous response after PGF2a and reduced fertility when both AI or natural 

mating was the breeding technique (Jennings, 1975; Boland et al., 1978a-b). Hawk and 

Conley (1975) suggested that PGF2a treatment caused a partial suppression of cervical 

sperm transport and of oviductal sperm movement in sheep; however, the reason for sub

optimal fertility with oestrous synchronization using PGF2a in the ewe is still unclear. 

Neither prostaglandin treatment itself, nor the day of the cycle on which PGF2a 

treatment is administered, seems to affect ovulation rate in ewes (Bindon et al., 1976; 

Gordon, 1997; Houghton et al., 1995). Although the average time from PGF2a treatment 

to ovulation is seventy hours in sheep (Gordon, 1997), the timing of the onset of oestrus 

and the preovulatory LH surge is affected by the specific day of the cycle on which PGF2a 

is administered (Acritopoulou and Haresign, 1980; Deaver et al., 1986; Houghton et al., 

1995). The interval from PGF2a injection to ovulation varies in heifers depending on the 

wave from which the ovulatory follicle arises (Kastelic and Ginther, 1991). The effects of 

PGF2a treatment(s) on the patterns of large antral follicle dynamics in sheep are not known. 

56 



We hypothesized that a disruption of the wavelike pattern of antral follicle growth during 

the oestrous cycle could contribute to the variable fertility seen after PGF2o:: treatment in 

ewes. 

There were two primary objectives of this study: 1) to use daily transrectal ovarian 

ultrasonography and hormone measurements to examine the effects of two injections of 

PGF2o:: given nine days apart on ovarian antral follicle development; and 2) to compare 

antral follicle dynamics and ovulatory responses between ewes receiving the first PGF2o:: 

injection early or late in the luteal phase. Both objectives were designed to see if PGF2o:: 

treatment disrupted ovarian antral follicle dynamics in the cyclic ewe. 

3.3 Materials and methods 

3.3.1 Experimental design 

Ewes were checked daily for oestrus with a vaginal impedometer (Electronic 

Oestrous Detector; Firma Draminski, Olsztyn, Poland) and three vasectomized, crayon

harnessed rams. Szczepanski et al. (1994) validated the use of the vaginal mucus 

impedometer for the present application in ewes. Ovulations were confirmed with ovarian 

ultrasound scanning done for two to three days after the initial detection of oestrus in all 

ewes. The ewes were studied during the breeding season, from mid-October to mid

November. 

Prostaglandin F2o:: (Lutalyse®, Upjohn Company, Orangeville, ON, Canada; 15mg; 

im) was given to six cyclic ewes early in the oestrous cycle (Days 4 to 7) and to six ewes 

late in the cycle (Days 10 to 12; Day 0= ovulation). A second injection was given nine days 

later to both groups of ewes studied. Ultrasound scanning and daily blood sampling were 

done from seven days before the first PGF2o:: injection until ten days (scanning) or nineteen 

days (blood sampling) after the second PGF2o:: injection for both groups of ewes. 
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3.3.2 Follicular and luteal structure data analysis 

Initial inspection of follicular data revealed that ovulating and non-ovulating 

follicles that were ;?::.5 nun in diameter at PGF2a injections, originated from both the last and 

penultimate follicular waves before PGF2a. The characteristics of the ovulating follicles, 

listed in Table 3.2, and of non-ovulating follicles above were ascertained for each animal. 

In some cases ovulations were seen, but CL were not detected by ultrasonography. 

The following features of luteal structures were determined for each animal: (1) total 

number of detected luteal structures; (2) total number of CL and/or all luteal structures 

relative to the number of ovulations; and (3) time from PGF2a injection to detection of CL 

and/or luteal structures. 

3.3.3 Blood sampling and hormone analysis 

The intra- and inter-assay coefficient of variations (CVs) were 8.9% and 5.0% or 

11.2% and 14.3% for reference sera with mean progesterone concentrations of0.33 or0.74 

ng/mL, respectively. The intra- and inter-assay CVs were 11.9% and 11.5% or 8.6% and 

9.3% for reference sera with mean oestradiol concentrations of 6.4 or 16.2 pg/mL, 

respectively. All samples for FSH analysis were done in one assay; intra-assay CVs were 

8.1% and 6.0% for ovine reference sera with mean hormone concentrations of 1.72 and 

2.79 ng/mL, respectively. 

3.3.4 Statistical analyses 

Endocrine and ovarian data were normalized to the day of the first PGF2a treatment 

(Day 0), over the range of Days -7 to 28 for endocrine and Days -7 to 19 for ovarian data. 

The endocrine and ovarian data were subdivided into three periods: before the first PGF2a 

injection (Days -7 to 0), between the two PGF2a injections (Days 1 to 9), and after the 

second PGF2a injection (Days 10 to 28 (endocrine data) or Days 10 to 19 (ovarian data)). 
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Two-wayrepeatedmeasuresANOVA (SigmaStat®forWindows Version 2.03, 1997, SPSS 

Inc.) was used to assess differences in hormone levels over time and between the two 

groups of ewes (first treated early or late in the cycle). Two-way ANOVA was used to 

assess differences in the ovarian parameters (i.e., for ovulated follicles, follicles of an 

ovulatory size that failed to ovulate, and luteal structures) in ewes given the two injections 

of PGF2a nine days apart, with the first injection given early or late in the cycle. If the main 

effects were significant (P<0.05), then Fisher's protected least significant difference (LSD) 

was used as a post-ANOVA test. Data were expressed as mean± SEM. 

3.4 Results 

3.4.1 General 

All ewes showed signs of behavioral oestrus after the first PGF2a injection, but after 

the second PGF2a injection, two ewes treated with the first PGF2a injection early in the 

cycle and one ewe treated with the first PGF2o: injection late in the cycle, failed to show 

oestrus. The interval from PGF2a to oestrus in all ewes was 2.5 ± 0.3 days (P>0.05). 

Vaginal impedance fell below 40 Q (typical of oestrus) in all but four ewes, 2.1 ± 

0.3 days after each PGF2a injection; vaginal mucus impedance did not drop below 40 Q in 

three ewes treated with the first PGF2a injection early in the cycle (one ewe after the first 

injection and two ewes after the second injection), and one ewe treated with the first PGF2a 

injection late in the cycle (after the first injection). 

Figures 3.1 and 3.2 show the diameter profiles of individual ovarian antral follicles 

attaining ~ 5 mm in size before ovulation or regression in two representative Western White 

Face ewes first treated with PGF2a early (Day 4; Fig. 3.1) or late (Day 10; Fig. 3.2) in the 

luteal phase, respectively (Day 0= ovulation). 

One ewe first treated late in the luteal phase did not ovulate in response to the first 

PGF2a injection despite showing oestrus. Ovulation rate was not affected by stage of the 

cycle at first injection (ewes injected early in the cycle 3.1 ± 0.5 (range: 1 to 7); ewes 

injected late 2.1 ± 0.5 (range: 0 to 5)) nor did it differ in response to first (2.5 ± 0.5 (range: 
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PGF2a early (Day 4 after ovulation) in the cycle ( ov denotes the diameter of ovulating 
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0 to 5)) or second (2.7 ± 0.5 (range: 1 to 7)) injection in all ewes; the interaction of main 

effects was not significant. When results for first and second injections were pooled, the 

time from injection to ovulation was longer in ewes injected early ( 4.0 ± 0.3 days (range: 

1 to 9 days)) compared to late (2.8 ± 0.4 (range: 1 to 6)) in the cycle (P<0.05; Fig. 3.3). 

3.4.2 Ovulating follicles 

Table 3.1 summarizes the number of ewes with ovulating follicles originating from 

specific waves relative to PGF2a injections. 

Table 3.2 summarizes the characteristics of follicles ovulating in response to PGF2a. 

There were no significant differences for any of the characteristics of ovulating follicles 

between ewes first treated with PGF2a early or late in the cycle, or in response to the first 

or second injections of PGF2a· 

3.4.3 Follicles ~5 mm in diameter on the day of PGF 2a injections that failed to 

ovulate 

When results for first and second injections were pooled, the number of follicles 2::5 

mm in diameter on the day of treatment that failed to ovulate in response to PGF2a was 

higher in ewes first injected early (0.8 ± 0.2/ewe) compared to late (0.3 ± 0.2/ewe) in the 

cycle (P<0.05; Fig. 3.4); however, when individual treatments were compared, the 

significant difference was restricted to the response to first PGF2a injections only (P<0.05; 

Fig. 3.4). 

3.4.4 Luteal structures and mean daily serum progesterone concentrations 

After the first PGF2a injection, one ewe first treated early in the cycle formed a CL 

that was only detected for one day. Besides CL, three ewes had a luteinized follicle (LF)

a ewe after the first PGF2a treatment early in the cycle, a ewe after the first PGF2a 
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Fig. 3.3. Time from PGF2a injection to ovulation in Western White Face ewes first given 
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Table 3.1. Number of Western White Face ewes with ovulating follicles originating from 
specific waves relative to PGF2a injections (15 mg; im). Ewes were first given PGF2a early 
(Days 4 to 7 after ovulation; n= 6) or late (Days 10 to 12 after ovulation; n= 6) in the cycle 
and two injections of PGF2a nine days apart. 

Follicular wave Number of ewes Number of ewes Total number of 
relative to PGF2a relative to all ewes relative to all ewes ewes relative to all 

treatment first given PGF2a first given PGF2a ewes 
early in the cycle late in the cycle 

Last wave 516 616 11 I 12 

Penultimate wave 516 416 9 I 12 

Wave before the 216 116 3 I 12 
penultimate wave 
before the 1st 
PGF2a treatment 

Wave before the 116 116 2 I 12 
penultimate wave 
before the 2nd 
PGF2a treatment 

Wave after the 1st 216 016 2 I 12 
PGF2a treatment 

Wave after the 2nd 116 016 1 I 12 
PGF2a treatment 
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Table 3.2. Characteristics of all ovulating follicles and those originating from the last and 
penultimate waves before PGF2a injection in Western White Face ewes given PGF2a (15 
mg; im)(n= 23; one ewe failed to ovulate after the 1st injection ofPGF2a). Mean values did 
not differ between ewes that were first treated early or late in the cycle, or in response to 
the first or second injections of PGF2a; there were no significant interactions (P>0.05). 

Ovulation rate 2.6 ± 0.7 

Follicular wave relative to PGF 2a treatment 

Last Penultimate 

Number of follicles/wave 1.2 ± 0.3 1.0 ± 0.4 

Number of follicles relative to all 
follicles 2. 5 mm in diameter on the day of 0.7 ±0.2 0.5 ±0.2 
PGF2a treatment 

Time from follicle emergence to PGF2a 2.3 ±0.8 5.6 ± 1.1 
treatment (days) 

Time from follicle emergence to 5.7 ±0.8 8.5 ± 1.3 
ovulation (days) 

Time from PGF2a treatment to ovulation 3.4 ± 0.4 2.9 ±0.6 
(days) 

Follicle size on day of PGF2a treatment 5.2 ±0.7 6.1 ± 0.4 
(mm) 

Follicle size on day before ovulation 6.5 ±0.5 6.0 ± 0.4 
(mm) 

Follicle growth rate (mm/day) 1.3 ± 0.2 1.1 ± 0.2 

Length of the growth phase (days) 3.3 ±0.6 4.5 ±0.9 

Length of the static phase (days) 2.4 ± 0.6 4.0 ± 1.0 

Data are presented as mean(± SEM). 
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Fig. 3.4. The total number of follicles ~ 5 mm in diameter per ewe on the day of PGF2a 

injection that failed to ovulate in Western White Face ewes first given PGF2a early (Days 
4 to 7 after ovulation; n= 6) or late (Days 10 to 12 after ovulation; n= 6) in the cycle and 
two injections of PGF2a nine days apart(* P<0.05). The unshaded bars are the responses 
to 1st or 2nd PGF2a injections within early or late treated ewes and the shaded bars are the 
responses of early or late treated ewes to PGF2a injections pooled over 1st and 2nd PGF2a 

injections. 
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treatment late in the cycle, and a ewe first treated late in the cycle after the second injection. 

The mean number of CL (1.5 ± 0.4/ ewe) and all luteal structures (1.6 ± 0.4/ewe) detected 

with ultrasonography did not vary between the stage of the cycle at first injection (ewes 

injected early or late) nor did it vary in response to first or second injection in all ewes 

(P>0.05). 

With data pooled for first and second injections, the proportion of detected luteal 

structures relative to the number of ovulations was lower when the first PGF2a injection 

was given early (n= 12) compared to late (n= 12) in the cycle (60 ± 8 and 86 ± 8%, 

respectively; P<0.05; Fig. 3.5); however, when individual treatments (n= 6) were 

compared, the difference above was restricted to the response to second PGF2a injections 

only (P<0.05; Fig. 3.5). With data pooled for first and second injections, the proportion of 

detected CL relative to the number of ovulations tended to be lower when the first PGF2a 

injection was given early compared to late in the cycle (58 ± 9 and 80 ± 9%, respectively; 

P<0.10); however, when individual treatments were compared, the tendency above 

appeared to be due to the response to second PGF2a injections only (P<0.10). The time 

from PGF2a to the detection of CL (6.5 ± 0.6 days (range: 3 to 10)) did not vary between 

stage of the cycle at first injection (ewes injected early or late) nor did it vary in response 

to first or second injection in all ewes. 

When the temporal pattern of mean daily serum progesterone concentrations was 

analysed for the entire study period, there was a significant main effect of day (P<0.001), 

but not of the timing of injection in the cycle, and the interaction was not significant. The 

progesterone profiles were indicative of normal cycles ofluteogenesis or induced luteolysis 

(Fig. 3.6). When the period before the first PGF2a injection was considered, mean daily 

serum progesterone concentrations were lower in ewes first injected early compared to late 

in the cycle at seven (0.83 ± 0.28 and 2.19 ± 0.36 ng/mL, respectively) and four days (1.45 

± 0.54 and 2.76 ± 0.43, respectively) before the first PGF2a injection (P<0.05; Fig. 3.6). 
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Fig. 3.5. The proportion of all detected luteal structures (CL and luteinized follicles) 
relative to the number of ovulations in Western White Face ewes first given PGF2a early 
(Days 4 to 7; n= 6) or late (Days 10 to 12 after ovulation; n= 6) in the cycle and two 
injections of PGF2a nine days apart(* P<0.05). The unshaded bars are the responses to 1st 
or 2nd PGF2a injections within early or late treated ewes and the shaded bars are the 
responses of early or late treated ewes to PGF2a injections pooled over 1st and 2nd PGF2a 

injections. 
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Fig. 3.6. Mean (± SEM) daily serum concentrations of progesterone in Western White Face 
ewes first given PGF2a early (Days 4 to 7; n= 6) or late (Days 10 to 12 after ovulation; n= 
6) in the cycle. The shaded area is the period in which a significant difference was found 
between the groups (* P<0.05). 
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3.4.5 Mean daily serum oestradiol and FSH concentrations 

There was a significant main effect of day (P<0.001), but not of initial timing of 

injection in the cycle, and there was no significant interaction, when mean daily serum 

oestradiol and FSH concentrations were analysed for the entire study period. Oestradiol 

patterns reflected the growth and atresia of oestrogenic antral follicles, with significant 

peaks seen on Days 1, 10, and 27 (P<0.05; Fig. 3.7). The pattern of mean FSH 

concentrations was indicative ofFSH peaks associated with follicular wave emergence, and 

peaks were seen on Days 0, 12, and 18 (P<0.05; Fig. 3.8). When the period between the two 

PGF2a injections was analyzed, mean daily serum FSH concentrations were higher in ewes 

first injected early (2.6 ± 0.8 ng/mL) compared to late (1.3 ± 0.3 ng/mL) in the cycle, at two 

days after the first PGF2a injection (P<0.05; Fig. 3.8). 

3.5 Discussion 

According to Gordon (1997), PGF2a treatment does not affect ovulation rate in 

ewes. However, the studies that Gordon referred to determined the ovulation rate in ewes 

in response to PGF2a treatment after lambing or at slaughter. Prostaglandin F2a given 

initially early or late in the luteal phase, and again nine days later to Western White Face 

ewes in the present study, resulted in an average ovulation rate of 2.6 ± 0.7. This average 

ovulation rate is very similar to that of prolific Finn sheep (2. 7 ± 0.3) and -50% higher than 

that seen in normally cycling Western White Face ewes (Bartlewski et al., 1999b). In the 

present and previous studies, varying the day of the cycle when PGF2a was given did not 

appear to influence the ovulation rate (Bindon et al., 1976; Houghton et al., 1995). 

In a previous study in Western White Face ewes during the breeding season, all 

ewes ovulated follicles from the final follicular wave and only 10% from the penultimate 

wave of the cycle (Bartlewski et al., 1999b ). The increased ovulation rate seen in response 

to PGF2a in the present study appeared to be due to the recruitment of ovulatory follicles 

from the waves that preceded the last wave before PGF2a treatment (penultimate and 
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Fig. 3.7. Mean (± SEM) daily serum concentrations of oestradiol in Western White Face 
ewes first given PGF2a early (Days 4 to 7; n= 6) or late (Days 10 to 12 after ovulation; n= 
6) in the cycle. 
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Fig. 3.8. Mean(± SEM) daily serum concentrations of FSH in Western White Face ewes 
first given PGF2a early (Days 4 to 7; n= 6) or late (Days 10 to 12 after ovulation; n= 6) in 
the cycle. The shaded area is the period in which a significant difference was found 
between the groups (* P<0.05). 
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earlier), and waves emerging after PGF2a treatment. Follicles ovulated from the final 

follicular wave in 92% and from the penultimate wave in 75% of the ewes. In a recent study 

by Bartlewski et al. (2000c), Western White Face ewes treated with PGF2a, followed by a 

six-day treatment with intravaginal sponges releasing medroxyprogesterone acetate (Days 

8 to 14 after ovulation), had a high percentage of follicles (71 %) ovulating from the 

penultimate wave. Some of these ewes also had follicles that ovulated from waves 

emerging before the penultimate wave (Bartlewski et al., 2000c). In the normal oestrous 

cycle of Western White Face, reproductive events are arranged so that luteolysis coincides 

with the orderly emergence of the final, or ovulatory, follicular wave of the cycle (Noel et 

al., 1993). Investigators have observed that luteolysis induced by exogenous PGF2a 

treatment causes a more rapid reduction in steroid synthesis by luteal cells than with natural 

luteolysis (Corteel, 1975; Stacey et al., 1976). An abrupt decline in progesterone synthesis 

after PGF2a treatment results in a faster increase in LH pulse frequency as compared with 

normal luteolysis (Parfet et al., 1989), and it may also alter the characteristics of the 

preovulatory LH surge. Ill-timed luteolysis after PGF2a treatment (ill-timed with regards 

to follicle wave dynamics) and the subsequent alteration in LH secretion may both alter the 

selection of follicles for ovulation. 

According to Gordon (1997), the average time from PGF2a treatment to ovulation 

is seventy hours and our results agree with this. However, in the present study, the time 

from PGF2a treatment to ovulation was highly variable (range: 1 to 9 days), as was the 

ovulation rate (range: 0 to 7). Furthermore, the time from PGF2a injection to ovulation was 

longer in ewes first injected early compared to late in the cycle by approximately one day. 

The variability in the interval from PGF2a to ovulation and the ovulation rate, appeared to 

be due to the emergence of new ovulatory follicular waves after treatment (ovulating late) 

and the extension of the lifespan of ovulatory follicles from waves that emerged before 

PGF2a (ovulating early). 

In sheep, the timing to the preovulatory LH surge is affected by the specific day of 

the cycle on which PGF2a is administered (Acritopoulou and Haresign, 1980; Deaver et al., 

1986) and in heifers, the interval from PGF2a injection to ovulation seems to differ 

73 



depending on the wave that the ovulatory follicle arises in (Kastelic and Ginther, 1991). 

Clearly, the timing of ovulation and number of ovulations after PGF2a treatment depend 

on the follicle wave status at the time of injection. Ewes first treated earlier in the cycle had 

more ovulatory-sized follicles that failed to ovulate after PGF2a compared with ewes first 

treated late in the cycle (data pooled for the first and second PGF2a injections). However, 

both the early and late treated ewes had similar ovulation rates. This effect did not appear 

to reflect luteal status at PGF2a injection. All ewes would have been in the early luteal 

phase at treatment, except for ewes at first injection given late in the cycle. However, the 

incidence of anovulation was higher after each PGF2a treatment for ewes first treated early 

in the cycle (early luteal phase in both cases; i.e., first and second PGF2a injections) 

compared with ewes after the second PGF2a treatment (also early luteal phase), or when 

treatment started late in the cycle. Numbers of anovulations did not differ in response to 

PGF2a given first in the late luteal phase or nine days later in the same ewes (also early 

luteal phase). Therefore, this effect of PGF2a on ovulatory response in ewes appeared to be 

related to the stage of the cycle only at first injection of PGF2a. The greater anovulation in 

ewes first given PGF2a early in the cycle in response to the first or second injection could 

be due to a more dramatic and long-lasting disruption of follicle wave dynamics exerted by 

PGF2a early compared to late in the cycle; the time from injection to ovulation was also 

longer in ewes given the first injection of PGF2a early in the cycle. 

Significantly fewer luteal structures were detected relative to the number of 

ovulations when PGF2a was first given early compared to late in the luteal phase. This 

difference appeared to be due mainly to the response to the second PGF2a injection in ewes 

first given PGF2a early compared to late in the cycle. The difference between responses to 

first injections, given either early or late in the cycle, only approached to significance (P= 

0.10). Regardless of the stage of the cycle at which the sheep were treated with PGF2a, not 

every ovulation resulted in a detectable CL. Absence of complete luteinization of some 

ovulated follicles (Rahmanian and Murdoch, 1987) or premature CLregression (Beard and 

Hunter, 1994) could be the causes for luteal insufficiency in sheep. Luteal insufficiency 

could also be the result of preovulatory follicles with an inadequate developmental 
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competence (Haresign and Lamming, 1978; McNatty et al., 1981; McLeod et al., 1982; 

Murdoch and Dunn, 1983; Legan et al., 1985). It has been shown previously that normal 

and insufficient CL can coexist in a sheep, or even in an ovary of a sheep (Bartlewski et. 

al, 1999a-d). In the present study, ewes first given PGF2a early in the cycle had slightly 

more ovulatory-sized follicles at PGF2a injections than ewes first treated late in the cycle, 

but in ewes first given PGF2a early in the cycle, the follicles appeared less viable as more 

were anovulatory and fewer developed into luteal structures. When PGF2a was first given 

late in the cycle, a smaller, perhaps more viable and better selected cohort of follicles, grew 

to an ovulatory size. 

3.6 Conclusions 

In summary, ovulation rate increased by approximately 50% after PGF2a treatment 

compared with that normally seen in Western White Face ewes, regardless of the day of 

treatment. This appeared to be due to the recruitment of ovulatory follicles from the waves 

emerging before or after the final wave before PGF2a treatment. The number of ovulations 

and the time from PGF2a treatment to ovulation were highly variable. The variability in the 

timing from PGF2a to ovulation appeared to be due to the emergence of new ovulatory 

follicular waves after treatment and the extension of the lifespan of ovulating follicles from 

waves emerging before PGF2a treatment. Ewes first treated with PGF2a early in the cycle 

had a longer interval (by -one day), from treatment to ovulation, compared with ewes first 

treated late. Ewes first treated earlier in the cycle had more ovulatory-sized follicles that 

failed to ovulate after PGF2a compared with ewes first treated late in the cycle. 

Significantly fewer luteal structures, relative to the number of ovulations, were detected by 

ultrasonography post-ovulation in ewes first given PGF2a early in the cycle. Disruption of 

ovulatory follicle dynamics, normal luteogenesis, and the variability in the timing of 

ovulation after PGF2a injections, could all contribute to the poor and variable fertility seen 

when prostaglandins are used for oestrous synchronization in sheep. 
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Chapter 4. ULTRASOUND AND ENDOCRINE EVALUATION OF THE 

OVARIAN RESPONSE TO A TWELVE-DAY TREATMENT WITH MAP 

SPONGE AND SINGLE INJECTION OF PMSG IN EWES IN AND OUT OF 

THE BREEDING SEASON 

4.1 Abstract 

Five hundred IU of PMSG is commonly given to anoestrous ewes, at the end of a 

twelve- to fourteen-day treatment with progestogen impregnated intravaginal sponges, to 

induce synchronous oestrus and ovulation. If PMSG is omitted very few ewes ovulate. 

During the breeding season, this progestogen/PMSG treatment has also been used for 

oestrous synchronization; however, there is probably little advantage to its use in terms of 

fertility. The exact way in which PMSG affects ovarian antral follicle dynamics to enhance 

fertility in anoestrous ewes but not in ewes in the breeding season is unclear. Twelve 

seasonally anoestrous and twelve cycling Western White Face ewes were treated for twelve 

days with progestogen sponges (60 mg MAP; Veramix®, Upjohn). In each season, six 

randomly selected ewes were given PMSG (500 IU; im; Equinex®, Ayerst Vet. 

Laboratories) on the day of sponge removal. Ultrasound scanning and blood sampling 

started seven days prior to sponge insertion and ended ten days (scanning) or 

nineteen/twenty days (blood sampling; seasonal anoestrus I breeding season) after the 

removal of sponges. PMSG treatment did not result in any changes in follicle numbers, 

size, or most growth characteristics of all follicles ;:::4 mm in size (P>0.05). The one 

exception was that the length of the growth phase of follicles z4 mm in diameter detected 

on the day of sponge removal was longer in control (3.9 ± 0.4 days) than PMSG treated (2.9 

± 0.3 days; P<0.05) anoestrous ewes. With the exception of five of the six control 

anoestrous ewes, all ewes ovulated. Mean ovulation rate for the PMSG treated and cycling 
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control ewes was 2.1 ± 0.3 (range: 1 to 5; P>0.05). For both the PMSG treated and cycling 

control ewes, eight ovulated follicles from the last two, five only from the last, and five 

ewes only from the penultimate follicle waves emerging before sponge removal. Luteal 

structures were seen in all but the control anoestrous sheep. The mean number of CL 

observed was 2.0 ± 0.3/ewe (range: 1 to 5). When daily serum progesterone concentrations 

were normalized to sponge removal, and analyzed for the period after sponge removal (I 

to 19/20 days), there were significant main effects of day (P<O.OOl) and a day by treatment 

interaction (P<O.OOl). The main effect of group (control vs. treated) was significant in 

anoestrous ewes (P<0.001) but not in cycling ewes (P>0.05). Serum progesterone 

concentrations were lower in control ewes (0.04 ± 0.37 ng/mL) compared with PMSG 

treated ewes (2.54 ± 0.37 ng/mL; P<O.OOl) in anoestrous ewes. When daily serum 

oestradiol concentrations were normalized to the day of ovulation, and analysed for the 

period after sponge removal in anoestrous ewes, there was a significant interaction between 

group and day of experiment (P<0.01). This appeared to be due to higher concentrations 

of oestradiol in the peri ovulatory period in PMSG treated ewes. In the breeding season, a 

similar interaction was seen with data analyzed from ovulation (P<0.05), but not sponge 

removal (P>0.05). The number of follicular waves and FSH peaks were higher and FSH 

inter-peak intervals were shorter in MAP-treated ewes during seasonal anoestrus compared 

with the breeding season. We concluded that 500 IV ofPMSG given at the end of a twelve

day period of treatment with progestogen impregnated intravaginal sponges had limited 

effects on the dynamics of ovarian follicular waves. However, PMSG resulted in increased 

serum concentrations of oestradiol during the periovulatory period, particularly in 

anoestrous ewes. This increased oestrogenicity probably resulted in the PMSG induced 

oestrus and ovulation in anoestrous ewes. Progestogen sponge treated ewes ovulated 

follicles from several waves compared to just the final wave of the cycle in normal cyclic 

ewes, and anoestrous MAP-treated ewes in general exhibited more frequent follicular 

waves and their associated FSH peaks compared to cycling MAP-treated ewes. 
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4.2 Introduction 

The success of synchronized breeding out of season is low without treatment with 

PMSG (Gordon, 1997). Commonly, a single dose of approximately 500 IU PMSG is given 

to anoestrous ewes at the end of a twelve to fourteen-day treatment with progestogen 

impregnated intra vaginal sponges (Gordon, 1997). The mechanism by which PMSG 

improves fertility in anoestrous ewes is unclear. During the breeding season, 500 IU PMSG 

has also been combined with intravaginal sponge treatment for oestrous synchronization; 

however, there is probably little advantage to its use, in terms of fertility (Gordon, 1997). 

In cycling ewes, PMSG injection after sponge treatment reduces the time to oestrus 

compared with ewes only treated with progestogen sponges (Gordon, 1971b; Botha et al., 

197 5), and increasing the dose of PMSG can enhance the ovulation rate (Robinson, 1951 ). 

The potential effects of a low dose of PMSG might be extrapolated from the 

superovulatory effects of higher doses of PMSG. Pregnant mare serum gonadotrophin 

increases ovulation rate in the ewe by (1) recruiting small follicles, (2) increasing the 

growth rate of antral follicles, and (3) by altering ratios of follicle size classes at oestrus; 

however, PMSG does not appear to rescue follicles from atresia in the ewe (Driancourt and 

Fry, 1992). Pregnant mare serum gonadotrophin causes early oocyte activation (Mooret al., 

1985) and follicles exposed to PMSG synthesize larger amounts of progesterone 

(Driancourt and Fry, 1992). 

Five hundred IU of PMSG might be expected to alter antral follicle numbers, size, 

steroidogenic capacity, growth characteristics, and recruitment patterns. However, why this 

dose of PMSG has a dramatic effect in anoestrous ewes but not in ewes in the breeding 

season is unclear. Recent studies of the dynamics of large ovarian antral follicles in ewes 

by ultrasonography (Bartlewski et al., 1998, 1999a-d, 2000b), have shown that anoestrous 

ewes produce ovulatory sized follicles in waves, in a similar pattern to the breeding season 

(Bartlewski et al., 1998, 1999b). Both during the breeding season and anoestrus, waves are 

preceded by a transient peak in FSH secretion (Bartlewski et al., 1999b, 2000b); therefore, 

an injection of exogenous PMSG would be expected to affect follicle wave dynamics. In 
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anoestrous ewes, large ovulatory sized follicles are less oestrogenic than similar follicles 

in cycling ewes (Bartlewski et al., 2000b). An injection of 500 IU PMSG could increase 

oestrogenicity in anoestrous ewes to ensure a preovulatory LH surge and ovulation after 

progestogen pre-treatment (Robinson, 1988; Jabbour and Evans, 1991). 

The effect of a low dose of PMSG, particularly in the anoestrous ewe, is of interest 

as unraveling its mechanism could facilitate improvements to methods for controlled 

breeding. There are no studies using ultrasonography in ewes to describe the effect of 

PMSG on ovarian follicle dynamics. The objective of the present experiments was to use 

daily transrectal ovarian ultrasonography and hormone measurements to examine the 

effects of a combined twelve-day progestogen sponge treatment, with or without injection 

of 500 IU PMSG, on ovarian antral follicle development, in and out of the breeding season 

of the ewe. 

4.3 Materials and methods 

4.3.1 Experimental design 

Ewes were checked daily for oestrus with three vasectomized, crayon-harnessed 

rams. Progestogen sponges (60 mg MAP; Veramix®, Upjohn) were inserted into twelve 

randomly selected Western White Face ewes in anoestrus (June) and twelve separate ewes 

in the breeding season (December). Sponges were left in place for twelve days. Six 

randomly selected ewes in season and anoestrus were given 500 IU of PMSG (im; 

Equinex®, Ayerst Vet. Laboratories) and the other six randomly selected ewes were given 

saline (im) on the day of sponge removal. Daily transrectal ultrasonographic scanning and 

blood sampling started seven days prior to sponge insertion and ended ten days (scanning) 

or nineteen/twenty days (blood sampling; seasonal anoestrus I breeding season) after the 

removal of sponges. 
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4.3.2 Follicular and luteal structure data analyses 

The characteristics, listed in Tables 4.1 and 4.3, were assessed for all follicles ~4 

mm in diameter and present on the day of sponge removal. The characteristics of follicular 

waves, listed in Tables 4.2 and 4.4, were evaluated for follicular waves emerging after 

PMSG treatment. 

In some cases ovulations were seen, but CL were not detected by ultrasonography. 

The following features of luteal structures were determined for each ewe: (a) total number 

of detected luteal structures; (b) time from PMSG injection to detection of CL; (c) daily 

mean luteal diameter; (d) daily mean luteal volume; and (e) daily total luteal volume 

following ovulation after sponge removal (c-e for the breeding season only). 

4.3.3 Hormone analyses 

4.3.3.1 Seasonal anoestrus 

All serum samples obtained following sponge removal were analyzed for 

concentrations of progesterone, oestradiol andFSH. Samples taken prior to sponge removal 

were analyzed for concentrations ofFSH. The intra- and inter-assay CVs were 11.6% and 

13.8% or9.7% and 11.0% for reference sera with mean progesterone concentrations of0.34 

or 0.85 ng/mL, respectively. The intra- and inter-assay CV s were 10.8% and 14.7% or 9.2% 

and 14.9% for reference sera with mean oestradiol concentrations of 3.5 or 14.5 pg/mL, 

respectively. The intra- and inter-assay CVs were 7.7% and 8.2% or 7.4% and 8.8% for 

reference sera with mean FSH concentrations of 1.92 or 3.45 ng/mL, respectively. 

4.3.3.2 Breeding season 

All serum samples collected after sponge removal were analyzed for concentrations 

of progesterone, oestradiol and FSH. Samples taken prior to sponge removal were analyzed 

for concentrations ofFSH. The intra- and inter-assay CVs were 6.5% and 13.1% or 5.8% 
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and 14.2% for reference sera with mean progesterone concentrations of0.33 or0.82 ng/mL, 

respectively. The intra- and inter-assay CVs were 9.3% and 13.4% or 11.9% and 14.8% for 

reference sera with mean oestradiol concentrations of 5.3 or 12.1 pg/mL, respectively. The 

intra- and inter-assay CVs were 5.3% and 14.3% or 4.2% and 5.1% for reference sera with 

mean FSH concentrations of 0.57 or 1.44 ng/mL, respectively. 

4.3.4 Statistical analyses 

Endocrine and ovarian data were normalized to the day of progestogen sponge 

removal (Day 0) and subdivided into two periods: before sponge removal (Days -19 to 0) 

and after sponge removal (Days 1 to 19/20 (endocrine data for seasonal anoestrus/breeding 

season), or Days 1 to 10 (ovarian data)). In some instances (i.e., oestradiol concentrations), 

endocrine data were also normalized to the day of ovulation (Day 0). Two-way repeated 

measures ANOVA (SigmaStat®for Windows Version 2.03, 1997, SPSS Inc.) was used to 

assess differences in hormone levels and characteristics of luteal structures over time and 

between the two groups of ewes (i.e., treated with PMSG or saline). One-way ANOV A was 

used to assess differences in oestrus, FSH peaks and ovarian parameters (i.e., for follicle 

wave characteristics, ovulated follicles, follicles present on the day of sponge removal, and 

detection of luteal structures) among treated and control ewes, and between the breeding 

season and anoestrus. If the main effects, or their interactions, were significant (P<0.05), 

the Fisher's protected least significant difference (LSD) was used as a post-ANOV A test 

to detect differences between individual means. Data were expressed as mean± SEM. 

4.4 Results 

4.4.1 Seasonal anoestrous study 

4.4.1.1 Characteristics of follicular waves and FSH peaks before sponge removal 

In the nineteen days prior to sponge removal, the mean number of FSH peaks per 

ewe and inter peak interval for FSH peaks before sponge removal did not differ between 
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control and PMSG treated ewes (P>0.05; overall means: 5.8 ± 0.2 and 3.0 ± 0.1 days, 

respectively). However, before sponge removal, FSH peak height was higher in ewes 

subsequently given PMSG (2.90 ± 0.22 ng/mL) compared with the ewes assigned to the 

control group (2.12 ± 0.14 ng/mL; P<0.005). The number of follicular waves per ewe, 

maximum follicle size per wave, and inter wave interval before sponge removal did not 

differ between control and PMSG treated ewes during that period (P>0.05; overall means: 

4.8 ±0.2, 5.7 ±0.1 mm, and4.0 ±0.2 days, respectively). The number of follicles per wave 

was slightly higher in ewes given PMSG (2.7 ± 0.3) compared to control ewes (2.1 ± 0.2) 

before sponge removal (P<0.05). 

4.4.1.2 Oestrus and ovulation after sponge removal 

Only the ewes treated with PMSG showed signs of behavioral oestrus after sponge 

removal. The interval from PMSG injection to oestrus was 2.2 ± 0.2 days (range: 2 to 3 

days). All ewes treated with PMSG, but only one of the six control ewes ovulated. Mean 

ovulation rate for the PMSG treated ewes was 2.3 ± 0.3 (range: 1 to 3). The time from 

sponge removal to ovulation in PMSG treated ewes and the one control ewe was 2.9 ± 0.1 

days (range: 2 to 3 days) and4.0 days, respectively. Three ewes ovulated follicles from the 

last two, one ewe only from the last, and two ewes only from the penultimate follicle waves 

emerging before PMSG. The control ewe ovulated a single follicle from the wave preceding 

the penultimate wave before sponge removal. 

4.4.1.3 Characteristics of follicles ~4 mm in diameter on the day of sponge removal 

The characteristics of all follicles ~ 4 mm in diameter on the day of sponge removal 

are summarized in Table 4.1. The only characteristics that differed between control and 

PMSG treated ewes were the percentage of follicles ovulating and the length of the follicle 

growth phase (P<0.05). Only one ewe ovulated in the control group and the growth phase 

was shorter in PMSG treated ewes. 
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Table 4.1. Characteristics of all follicles ~4 mm in diameter on the day of sponge removal 
in seasonally anoestrous Western White Face ewes treated with MAP sponges for twelve 
days, with or without a 500 IU PMSG injection (im) on the day of sponge removal. 

Control PMSG 
Total number of follicles present on day of 4.2 ± 0.6 5.2 ± 0.5 
sponge removal 

Percentage of follicles ovulating relative to 
all follicles ~4 mm in diameter on the day 
of sponge removal 

Time from ovulatory follicle emergence to 
PMSG treatment (days) 

Size of ovulatory follicles on day before 
ovulation (mm) 

Follicle size on day of PMSG treatment 
(mm) 

Maximum follicle size (mm) 

Follicle growth rate (mm/day) 

Length of the growth phase (days) 

Length of the static phase (days) 

Data are presented as mean (± SEM). 

3% ± 3%a 56%± 11%b 

8.0+ 3.1 ± 0.7 

5.0+ 6.4 ± 0.3 

5.2 ± 0.2 4.6 ±0.2 

6.3 ±0.2 6.0 ±0.2 

1.0±0.1 1.2 ± 0.1 

3.9 ± 0.4c 2.9 ± 0.3d 

3.5 ±0.5 2.4 ± 0.4 

Superscripts indicate significant differences e-bP<0.001; c-ctP<0.05) within rows. 
+only one ewe ovulated 
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4.4.1.4 Characteristics of follicular waves emerging after sponge removal 

The characteristics of follicular waves emerging after sponge removal are 

summarized in Table 4.2. The number of follicles z 5 mm in diameter per wave declined 

from the first to the third follicular wave after sponge removal. There were no differences 

between control and PMSG treated ewes. 

4.4.1.5 Luteal structures and mean daily serum progesterone concentrations 

Luteal structures were seen in all PMSG treated sheep post-ovulation but none of 

the control sheep. One ewe formed a CL that was only detected for one day and, in addition 

to CL, two ewes had a LF. The mean number of CL and of all luteal structures detected 

with ultrasonography was 2.2 ± 0.3/ewe (range: 1 to 3) and 2.5 ± 0.3/ewe (range: 2 to 4), 

respectively. The time from ovulation to the detection of CL was 3.4 ± 0.3 days (range: 2 

to 5 days). 

When the temporal pattern of mean daily serum progesterone concentrations was 

analysed for the period after sponge withdrawal, normalized to the day of sponge removal, 

there was a significant main effect of treatment (P<0.001), day (P<0.001), and the 

interaction of these was also significant (P<0.001; Fig. 4.1). Serum progesterone 

concentrations were lower in control ewes (0.04 ± 0.37 ng/mL) compared with PMSG 

treated ewes (2.54 ± 0.37 ng/mL; P<0.001; Fig. 4.1). Serum progesterone concentrations 

were lower in control ewes (0.04 ± 0.00 ng/mL) compared with PMSG treated ewes ( 4.05 

± 0.34 ng/mL) between 7 and 17 days after sponge removal (P<0.001; Fig. 4.1). 

4.4.1.6 Mean daily serum oestradiol and FSH concentrations 

When mean daily serum oestradiol concentrations were analyzed for the period after 

sponge removal, normalized to the day of sponge removal, there were no significant main 

effects of treatment (P>0.05), day (P>0.05), or their interaction (P>0.05). However, when 
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Table 4.2. Characteristics of follicular waves after sponge removal in seasonally anoestrous 
Western White Face ewes treated with MAP sponges for twelve days, with or without a 500 
IU PMSG injection (im) on the day of sponge removal. 

Number of waves emerging 2. 7 ± 0.2 

Follicular wave after sponge removal 

Number of follicles/wave 

Time from sponge removal to follicle 
wave emergence (days) 

Wave 1 
3.3 ± 0.4a 

2.0 ± 0.4 

Wave2 
2.4 ± 0.4ab 

5.7 ± 0.5 

Wave3 
1.6 ± 0.2b 

8.7 ±0.2 

Inter wave interval (days) 3.6 ±0.3 3.5 ±0.3 

Maximum follicle size attained (mm) 5.4±0.1+ 

Data are presented as mean (± SEM). 
Superscripts indicate significant differences ca-b P<0.005) within rows. 
+maximum size not seen in all ewes for waves 2 and 3. 
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Fig. 4.1. Mean (± SEM) daily serum concentrations of progesterone after sponge removal 
in seasonally anoestrous Western White Face ewes treated with MAP sponges for twelve 
days, with or without a 500 IU PMSG injection (im) on the day of sponge removal. There 
was a significant main effect of treatment (P<0.001), day (P<0.001), and their interaction 
was significant (P<0.001). *Differences between groups (P<0.001). 
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mean daily serum oestradiol concentrations were analyzed for the period after ovulation, 

normalized to the day of ovulation, there were no significant main effects of treatment 

(P>0.05) or day (P>0.05)) but there was a significant interaction between treatment group 

and day of experiment (P<0.05; Fig. 4.2). The interaction appeared to be explained by the 

fact that mean serum oestradiol concentrations were higher in PMSG treated ewes 

compared to control ewes in most of the peri- and early post-ovulatory period (apart from 

Day 0; the day of ovulation); in fact, concentrations were significantly higher in PMSG 

treated ewes on Days 1, 3, and 4 after ovulation (P<0.05; Fig. 4.2). When mean daily serum 

oestradiol concentrations were analyzed for the period after sponge removal, normalized 

to the day of ovulation, there were no significant main effects of treatment (P>0.05) or day 

(P>0.05), but there was again a significant interaction between treatment group and day of 

experiment (P<O.O 1 ). 

When mean daily FSH concentrations were analyzed for the period after sponge 

removal, normalized to the day of sponge removal, there were no significant main effects 

of day (P>0.05), treatment (P>0.05), or their interaction (P>0.05; Fig. 4.3). The number of 

FSH peaks after sponge removal, peak height, and duration did not differ between control 

and PMSG treated ewes (P>0.05; overall means: 5.0 ± 0.3, 2.16 ± 0.13 ng/mL, and 2.9 ± 

0.1 days, respectively). The inter peak interval for FSH peaks in serum was longer in ewes 

given PMSG (3.8 ± 0.3 days; range: 2 to 6 days) compared to control ewes (2.8 ± 0.2 days; 

range: 2 to 4 days) after sponge removal (P<0.01). 

4.4.2 Breeding season study 

4.4.2.1 Characteristics of follicular waves and FSH peaks before sponge removal 

In the nineteen days prior to sponge removal, the mean number of FSH peaks per 

ewe, peak height of FSH, and inter peak interval for FSH peaks before sponge removal did 

not differ between the ewes assigned to the control group and those subsequently given 

PMSG (P>0.05; overall means: 4.0 ± 0.4, 2.33 ± 0.07 ng/mL, and 4.4 ± 0.4 days, 

respectively). The number of follicular waves per ewe, number of follicles per wave, 
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Fig. 4.2. Mean (± SEM) daily serum concentrations of oestradiol after sponge removal in 
seasonally anoestrous Western White Face ewes treated with MAP sponges for twelve days, 
with or without a 500 IU PMSG injection (im) on the day of sponge removal. There was 
a significant interaction between treatment group and day of experiment (P<0.05). * 
Differences between groups (P<0.05). 
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seasonally anoestrous Western White Face ewes treated with MAP sponges for twelve days, 
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maximum follicle size per wave, and inter wave interval before sponge removal did not 

differ between the ewes assigned to the control group and those subsequently given PMSG 

(P>0.05; overall means: 3.6 ± 0.2, 1.9 ± 0.1, 5.9 ± 0.1 mm, and 5.2 ± 0.4 days, 

respectively). 

4.4.2.2 Oestrus and ovulation after sponge removal 

All ewes showed signs of behavioral oestrus after sponge removal, except for one 

ewe treated with PMSG. The interval from sponge removal to oestrus did not vary between 

those ewes treated with PMSG (2.6 ± 0.2 days (range: 2 to 3 days)) or saline (2.7 ± 0.3 days 

(range: 2 to 4 days)) (P>0.05). Ovulation rate was not affected by the PMSG treatment 

(ewes injected with PMSG 2.3 ± 0.6 (range: 1 to 5); ewes injected with saline 1.7 ± 0.3 

(range: 1 to 3); P>0.05). The time from sponge removal to ovulation did not vary between 

control ewes (3.2 ± 0.2 days (range: 2 to 4 days)) and PMSG treated ewes (3.2 ± 0.3 days 

(range: 1 to 6 days); P>0.05). 

Three of the control ewes ovulated follicles from the last two, two ewes only from 

the last, and one ewe only from the penultimate follicle waves before sponge removal. Two 

of the PMSG treated ewes ovulated follicles from the last two, two ewes only from the last, 

and two ewes only from the penultimate follicle waves before sponge removal. In addition, 

two of the PMSG treated ewes ovulated follicles from the wave preceding the penultimate 

wave before sponge removal and two from the first wave after sponge removal. 

4.4.2.3 Characteristics of follicles ~ 4 mm in diameter on the day of sponge removal 

The characteristics of all follicles ~ 4 mm in diameter on the day of sponge removal 

are summarized in Table 4.3. None of the characteristics measured differed between PMSG 

and control ewes. 
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Table 4.3. Characteristics of all follicles ~4 mm in diameter on the day of sponge removal 
in cycling Western White Face ewes treated with MAP sponges for twelve days, with or 
without a 500 IU PMSG injection (im) on the day of sponge removal. There were no 
significant differences (P>0.05). 

Total number of follicles present on day 
of sponge removal 

Percentage of follicles ovulating relative 
to all follicles ~ 4 mm in diameter on the 
day of sponge removal 

Control 
2.7 ±0.3 

63% ± 10% 

Time from ovulatory follicle emergence 5.4 ± 0.9 
to PMSG treatment (days) 

Size of ovulatory follicles on day before 7.0 ± 0.3 
ovulation (mm) 

Follicle size on day of PMSGtreatment 5.8 ± 0.3 
(mm) 

Maximum follicle size (mm) 6.8 ± 0.2 

Follicle growth rate (mm/day) 1.1 ± 0.1 

Length of the growth phase (days) 4.4 ± 0.6 

Length of the static phase (days) 2.9 ± 0.5 

Data are presented as mean (± SEM). 
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PMSG 
3.0 ±0.7 

76% ± 8% 

4.1 ± 1.2 

7.5 ±0.9 

4.9 ± 0.4 

8.2 ±0.8 

1.1 ± 0.1 

5.1 ± 0.7 

2.4 ± 0.6 



4.4.2.4 Characteristics of follicular waves emerging after sponge removal 

The characteristics of follicular waves emerging after sponge removal are 

summarized in Table 4.4. Only seven of twelve ewes (five PMSG treated ewes and two 

control ewes) were observed to have a second wave after sponge removal. 

4.4.2.5 Luteal structures and mean daily serum progesterone concentrations 

All ewes formed CL, but one control ewe had two ovulations but only formed one 

CL. In addition to CL, one ewe treated with PMSG formed a single LF. The mean number 

of CL detected with ultrasonography following ovulation after sponge removal did not vary 

between control ewes (1.5 ± 0.3/ewe (range: 1 to 3)) and PMSG treated ewes (2.3 ± 0.6/ewe 

(range: 1 to 5))(P>0.05). The time from ovulation to the detection of CL after sponge 

removal did not vary between control ewes (3.6 ± 0.4 days (range: 2 to 5 days)) and PMSG 

treated ewes (3.4 ± 0.3 days (range: 1 to 5 days))(P>0.05). When mean daily luteal 

diameter, mean luteal volume, and total luteal volume following ovulation after sponge 

removal were analyzed, there was a significant main effect of day (P<O.OOI), but no 

significant main effects of treatment (P>0.05) or treatment and day interaction 

(P>0.05)(Fig. 4.4). All parameters of CL growth increased from Days 5 to 10 after sponge 

removal. 

When mean daily serum progesterone concentrations were analyzed for the period 

after sponge withdrawal, normalized to the day of sponge removal, there were significant 

main effects of day (P<O.OO 1) and day and treatment interaction (P<O.OO 1 ), but no 

significant main effect of treatment (P>0.05; Fig. 4.5). However, there was a tendency for 

mean daily serum progesterone concentrations to be higher in PMSG treated ewes (2.04 ± 

0.30 ng/mL) compared to control ewes (1.21 ± 0.30 ng/mL; P<0.1; Fig. 4.5). The 

interaction of day and treatment appeared to be due to the fact that serum progesterone 

concentrations were lower in control ewes compared with PMSG treated ewes at 12, 13, 

15, and 16 days after sponge removal (P<0.001; Fig. 4.5). 
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Table 4.4. Characteristics of follicular waves after sponge removal in cycling Western 
White Face ewes treated with MAP sponges for twelve days, with or without a 500 IU 
PMSG injection (im) on the day of sponge removal. There were no significant differences 
(P>0.05). 

Number of waves 

Number of follicles/wave 

Time from sponge removal to follicle 
wave emergence (days) 

Maximum follicle size attained (mm) 

Data are presented as mean(± SEM). 

1.6 ± 0.1 

Follicular wave after sponge removal 

Wave 1 
2.0 ±0.3 

3.6 ± 0.4 

5.2 ± 0.1 
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Fig. 4.4. Mean daily luteal diameter, mean luteal volume, and total luteal volume following 
ovulation after sponge removal in cycling Western White Face ewes treated with MAP 
sponges for twelve days, with or without a 500 IU PMSG injection (im) on the day of 
sponge removal. There were no significant differences between treatment groups (P>0.05). 
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Fig. 4.5. Mean (± SEM) daily serum concentrations of progesterone after sponge removal 
in cycling Western White Face ewes treated with MAP sponges for twelve days, with or 
without a 500 IU PMSG injection (im) on the day of sponge removal. There was a 
significant main effect of day (P<0.001) and the interaction between treatment group and 
day of experiment was significant (P<0.001). *Differences between groups (P<0.001). 
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4.4.2.6 Mean daily serum oestradiol and FSH concentrations 

When mean daily serum oestradiol concentrations were analyzed for the period after 

sponge removal, normalized to the day of sponge removal, there were no significant main 

effects of treatment (P>0.05), day (P>0.05), or their interaction (P>0.05). When mean daily 

serum oestradiol concentrations were analyzed for the period after ovulation, normalized 

to the day of ovulation, there was a significant interaction of day and treatment (P.<0.05), 

but there were no significant main effects of day (P>0.05) or treatment (P>0.05; Fig 4.6). 

The interaction appeared to reflect higher concentrations of oestradiol in PMSG treated 

ewes in the immediate post-ovulatory period; however, mean serum oestradiol 

concentrations for PMSG treated ewes did not vary from control ewes on any particular day 

after ovulation. When mean daily serum oestradiol concentrations were analyzed for the 

period after sponge removal, normalized to the day of ovulation, there were no significant 

main effects of day (P>0.05), treatment (P>0.05), or their interaction (P>0.05). 

When mean daily serum FSH concentrations were analyzed for the period after 

sponge removal, there was a significant main effect of day (P<O.OOl), but no significant 

main effects of treatment (P>0.05) or treatment and day interaction (P>0.05; Fig. 4. 7). FSH 

peaks were seen on Days 2 and 20 (P<0.05; Fig. 4.7). The number of FSH peaks after 

sponge removal, peak height, duration, and inter peak interval for FSH peaks did not differ 

between control and PMSG treated ewes (P>0.05; overall means: 3.3 ± 0.3, 2.71 ± 0.17 

ng/mL, 4.0 ± 0.2 days, and 5.3 ± 0.4 days, respectively). 

4.4.3 Comparison of seasonally anoestrous and cycling ewes 

4.4.3.1 Follicle dynamics 

The total number of follicles present on the day of sponge removal was higher in 

ewes during seasonal anoestrus (4.7 ± 0.4) compared with the breeding season (2.8 ± 0.4; 

P<0.005). The percentage of follicles ovulating relative to all follicles ~4 mm in diameter 

on the day of sponge removal was lower in ewes given saline during seasonal anoestrus 
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Fig. 4.6. Mean(± SEM) daily serum concentrations of oestradiol after sponge removal in 
cycling Western White Face ewes treated with MAP sponges for twelve days, with or 
without a 500 IU PMSG injection (im) on the day of sponge removal. There was a 
significant interaction between treatment group and day of experiment (P<0.05). 
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Fig. 4.7. Mean(± SEM) daily serum concentrations ofFSH after sponge removal in cycling 
Western White Face ewes treated with MAP sponges for twelve days, with or without a 500 
IU PMSG injection (im) on the day of sponge removal. 
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(3% ± 3%) compared with the breeding season (63% ± 10%; P<O.OOI). However, the 

percentage of follicles ovulating relative to all follicles ~ 4 mm in diameter on the day of 

sponge removal did not dj_ffer between ewes given PMSG during seasonal anoestrus and 

the breeding season (66% ± 7%; P>0.05). The length of the growth phase of follicles 

present on the day of sponge removal was shorter in ewes given PMSG during seasonal 

anoestrus (2.9 ± 0.3 days) compared with the breeding season (5.1 ± 0.7 days; P<0.005), 

control ewes did not differ with season (P>0.05). The maximum size attained by follicles 

present on the day of sponge removal was smaller in ewes during seasonal anoestrus (6.1 

± 0.1 mm) compared with the breeding season (7.5 ± 0.5 mm; P<O.OOI). 

4.4.3.2 Follicular waves 

The number of follicular waves in the nineteen days before sponge removal was 

higher in ewes during seasonal anoestrus (4.8 ± 0.2) compared with the breeding season 

(3.6 ± 0.2; P<0.001) and the interwave interval before sponge removal was shorter in ewes 

during seasonal anoestrus (4.0 ± 0.2 days) compared with the breeding season (5.2 ± 0.4 

days; P<0.005). The maximum size attained by follicles in each wave before sponge 

removal did not differ between ewes during seasonal anoestrus and the breeding season (5.8 

± 0.1; P>0.05). The number of follicles per wave before sponge removal did not differ 

between ewes given saline during seasonal anoestrus and the breeding season (2.1 ± 0.1; 

P>0.05). The number of follicles per wave before sponge removal was higher in ewes given 

PMSG during seasonal anoestrus (2. 7 ± 0.3) compared with the breeding season (1.8 ± 0.2; 

P<0.01). 

The number of follicular waves in the ten days after sponge removal was higher in 

ewes during seasonal anoestrus (2.7 ± 0.2) compared with the breeding season (1.6 ± 0.1; 

P<0.001) and the number of follicles in the first wave after sponge removal was also higher 

in ewes during seasonal anoestrus (3.3 ±0.4) compared with the breeding season (2.0 ± 0.3; 

P<0.05). The interval from sponge removal to emergence of the next follicular wave was 

shorter in ewes during seasonal anoestrus (2.0 ± 0.4 days) compared with the breeding 
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season (3.6 ± 0.4 days; P<0.01). 

4.4.3.3 Endocrine parameters 

In the nineteen days before sponge removal, the number of FSH peaks was higher 

in ewes during seasonal anoestrus (5.8 ±0.2) compared with the breeding season (4.0 ±0.4; 

P<0.001) and the inter peak interval was shorter in ewes during seasonal anoestrus (3.0 ± 

0.1 days) compared with the breeding season (4.4 ± 0.4 days; P<0.001). FSH peak height 

before sponge removal did not differ between ewes given saline or PMSG during seasonal 

anoestrus and the breeding season (2.18 ± 0.09 ng/mL or 2.69 ± 0.14 ng/mL, respectively; 

P>0.05). 

In the nineteen days after sponge removal, the mean daily serum oestradiol 

concentrations, normalized to the day of sponge removal, were lower in ewes during 

seasonal anoestrus (1.4 ± 0.2 pg/mL) compared with the breeding season (3.7 ± 0.2 pg/mL; 

P<0.001; Figs. 4.2 and 4.6). In the nineteen days after sponge removal, the number ofFSH 

peaks was higher in ewes during seasonal anoestrus (5.0 ± 0.3) compared with the breeding 

season (3.3 ± 0.3; P<0.001). FSH peak height after sponge removal was lower and the 

duration ofFSH peaks was shorter in ewes during seasonal anoestrus (2.16 ± 0.13 ng/mL; 

2.9 ± 0.1 days, respectively) compared with the breeding season (2.71 ± 0.17 ng /mL; 4.0 

± 0.2 days, respectively; P<0.05). The inter peak interval for FSH peaks following sponge 

removal was shorter for both control and PMSG treated ewes in anoestrus (2.8 ± 0.2 days; 

3.8 ± 0.3 days, respectively) compared with the breeding season (4.9 ± 0.4 days; 5.8 ± 0.8 

days, respectively; P<0.05). 

4.5 Discussion 

As has been shown previously, the addition of a low dose of PMSG to the 

progestogen sponge treatment was essential to achieve consistent oestrus and ovulation in 

anoestrous ewes (Gordon, 1983; Robinson, 1988). The timing of oestrus and ovulation in 
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PMSG treated anoestrous ewes was similar to that seen in other studies (Gordon, 1975, 

1997). No advancement of oestrus was noted in PMSG treated ewes compared to controls 

during the breeding season~ some advancement of oestrus has been noted previously 

(Gordon, 1971~ Botha et al., 1975~ Gordon, 1975~ Boland et al., 1978). Low doses of 

PMSG may or may not cause a small increase in ovulation rate during the breeding season 

(Ainsworth et al., 1977; Boland et al., 1979); we noted a numerical but non significant 

increase during the breeding season (P>0.05) and, serum concentrations of progesterone 

were higher (P<0.05) in PMSG compared to control ewes~ total luteal volumes appeared 

higher in PMSG treated ewes (P>0.05). 

In terms of follicular dynamics, the most dramatic finding was the lack of a major 

consistent disruption by PMSG. At superovulatory doses in sheep, PMSG has been shown 

to recruit and increase growth rate of follicles, and alter follicle size class distribution 

(Driancourt and Fry, 1992). In the present study, although ewes were randomly distributed 

to groups, FSH peak height and the numbers of follicles per wave were slightly higher in 

the PMSG treated ewes during the nineteen days prior to administration of PMSG during 

anoestrus. This difference in follicle numbers was not seen immediately prior to PMSG 

treatment (sponge removal) nor was any reflection of either difference seen after PMSG 

treatment. No other parameters of follicular dynamics or FSH secretion varied between 

treatment groups in or out of season or before and during MAP sponge treatment. As the 

effects of PMSG on oestrus and ovulation rate in anoestrous ewes were as expected 

(Gordon, 1975, 1983; Robinson, 1988~ Gordon, 1997), the confounding differences in 

groups prior to PMSG treatment were not felt to be a problem. In anoestrous ewes the 

growth phase of follicles present at sponge removal was shortened by PMSG treatment, 

clearly because all ewes ovulated in response to PMSG. Only one control ewe ovulated~ 

therefore, growth phases in control anoestrous ewes might have continued longer without 

the interruption by ovulation at the end of the growth/onset of the static phase of follicles. 

A similar but non significant (P<0.1) shortening of the static phase was also seen in 

anoestrous PMSG treated ewes (Table 4.1). No such contrast was seen in the breeding 

season as all ewes ovulated and ovulation was not PMSG driven but more dependent on 
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endogenous mechanisms (Table 4.3). Finally, the size of follicles prior to ovulation or at 

their maximal size, was greatest in season compared with anoestrus (Tables 4.1 and 4.3). 

This appeared to be largely due to PMSG treatment in ewes during the breeding season. 

Follicle size at sponge removal did not differ between the breeding season and anoestrus. 

Following PMSG treatment in anoestrous ewes, the FSH peak interval was slightly longer 

than in control ewes but the interval between follicle waves did not differ significantly. This 

may reflect a suppressive effect ofPMSG on FSH release, perhaps mediated by oestradiol. 

Low dose PMSG treatment appeared to significantly increase the oestrogenicity of 

large follicles in the present study. This effect was perhaps more dramatic in anoestrous 

ewes as follicles in anoestrous ewes are less oestrogenic (Fig. 4.2 and 4.6; Bartlewski et al., 

2000). This increased steroidogenesis has been observed previously with superovulatory 

doses of PMSG. Compared to control sheep, a superovulatory dose of PMSG increased 

oestradiol, progesterone, and testosterone production (Moor et al., 1985). In a study 

comparing different superovulatory treatments in ewes, the average preovulatory peripheral 

plasma peak oestradiol concentration per follicle was lower after treatment with either 

pFSH or pFSHJPMSG compared with PMSG (Jabbour and Evans, 1991). Additionally, 

oestradiol peaked sooner in the ewes given PMSG than in those given PMSG/pFSH or 

pFSH (Jabbour and Evans, 1991 ). When the steroid synthesizing capacity of entire follicles 

(;?:4 mm in diameter and incubated in vitro) was analyzed in another study that examined 

a superovulatory dose of PMSG, PMSG treated follicles had elevated progesterone 

synthesis compared with control follicles (Driancourt and Fry, 1992). This increased 

steroidogenic capacity may be due to the long circulating half-life ofPMSG (63 hours) and 

its double gonadotrophic effect (FSH (80%) and LH (20%) activity). It is interesting that 

the dose of PMSG selected over time and most consistently used to induce oestrus and 

ovulation in anoestrous ewes (Gordon, 1997) is a dose that has no disruptive effects on 

follicle dynamics but increases oestrogenicity within physiological ranges (Bartlewski et 

al., 1998). This increase in oestrogenicity was obviously sufficient to induce oestrus and 

cause a preovulatory LH release for ovulation. In anoestrus, LH secretion and hence 

oestradiol secretion is suppressed to prevent ovulations (Karsch et al., 1979, 1980; 
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Goodman, 1994) even though waves of follicles, growing at regular intervals to ovulatory 

size, still occur (Bartlewski et al., 1998, 1999c-d). 

In a previous study in Western White Face ewes during the breeding season, all 

ewes ovulated follicles from the final follicular wave of the cycle and only 10% ovulated 

follicles from the penultimate wave (Bartlewski et al., 1999b). In the present study, 72% 

of all ovulating ewes ovulated follicles from the final wave prior to sponge removal but 

72% from the penultimate wave. The twelve-day treatment with MAP sponges and sponge 

removal resulted, therefore, in an altered distribution of the source of ovulatory follicles. 

This sponge treatment stimulated synchronous maturation and ovulation of antral follicles 

emerging from separate waves. In cattle, oocyte competence maybe decreased if ovulation 

occurs from a follicle with a prolonged lifespan (Mihm et al., 1994; Revah and Butler, 

1996; Mihm et al., 1999); however, this may not be the case in sheep (Evans et al., 2001b). 

Although the focus of this study was the effect ofPMSG, in concert with a twelve

day exposure to MAP sponges, on ovarian follicular dynamics in and out of the breeding 

season, some interesting general comparisons could be made between follicular wave 

dynamics between the breeding season and anoestrus. Both before and after PMSG 

treatment follicle waves and their accompanying peaks in FSH secretion were more 

frequent in MAP-treated ewes during anoestrus than the breeding season. Some suggestion 

of this has been seen previously (Evans et al., 2000, 2001a), but this is the first opportunity 

to compare season within a breed in one study. 

There were more follicles ~ 4 mm at sponge removal in anoestrous ewes compared 

to cycling ewes. The numbers of follicles per wave either prior to or after PMSG treatment 

did not differ between season, except for Wave 1 following PMSG, when numbers were 

again higher in anoestrous ewes. Therefore, this effect appears to be limited to follicle 

waves present at sponge removal or shortly thereafter. The increased number of follicles 

per wave immediately after sponge removal in anoestrous ewes suggests that the increased 

follicle numbers at sponge removal (representing two or more waves) reflected increased 

follicle numbers per wave during the later period of MAP sponge treatment. Follicle 

numbers per wave did not differ in the period preceding and during early sponge exposure. 
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This would suggest increased gonadotrophic support for follicle recruitment late in the 

period of MAP sponge treatment in anoestrous ewes. We did not look at LH secretion and 

there was no evidence of increased FSH peak height preceding the emergence of waves 

present at PMSG treatment in anoestrous compared to cycling ewes. 

4.6 Conclusions 

We concluded that 500 IU of PMSG given at the end of a twelve-day period of 

treatment with progestogen impregnated intravaginal sponges had limited effects on the 

dynamics of ovarian follicular waves (specifically the duration of the follicle growth and 

static phase in anoestrus). In anoestrus, ovulatory sized follicles were more oestrogenic in 

PMSG treated ewes leading to the consistent occurrence of oestrus and ovulation. The 

effect of PMSG in season was less obvious with small positive effects on follicle 

oestrogenicity, growth, and ovulation rate. Ewes treated with PMSG had elevated serum 

concentrations of progesterone compared to control ewes. Progestogen treated ewes 

ovulated follicles from several waves in contrast to cyclic ewes of the same breed, where 

ovulations are largely from the last wave of follicles emerging before ovulation. Anoestrous 

MAP-treated ewes in general produced more frequent follicular waves and their associated 

FSH peaks compared to cycling MAP-treated ewes. 
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Chapter 5. SUMMARY DISCUSSION, CONCLUSIONS, AND 

FUTURE STUDIES 

5.1 Summary discussion 

In a previous study in Western White Face ewes during the breeding season, all 

ewes ovulated follicles from the final follicular wave of the cycle and only 10% ovulated 

follicles from the penultimate wave (Bartlewski et al., 1999b). In the present PMSG study, 

72% of all ovulating ewes ovulated follicles from the final wave prior to sponge removal 

but 72% from the penultimate wave. The twelve-day treatment with MAP sponges and 

sponge removal resulted, therefore, in an altered distribution of the source of ovulatory 

follicles. This sponge treatment stimulated synchronous maturation and ovulation of antral 

follicles emerging from separate waves (unlike the findings of the PGF2a study). Follicles 

ovulated from the final follicular wave in 92% and from the penultimate wave in 75% of 

the ewes given PGF2a· In a recent study by Bartlewski et al. (2000c), Western White Face 

ewes treated with PGF2a, followed by a six-day treatment with intravaginal sponges 

releasing MAP (Days 8 to 14 after ovulation), had a high percentage of follicles (71 %) 

ovulating from the penultimate wave. Some of these ewes also had follicles that ovulated 

from waves emerging before the penultimate wave (Bartlewski et al., 2000c ). In the normal 

oestrous cycle of Western White Face, reproductive events are arranged so that luteolysis 

coincides with the orderly emergence of the final, or ovulatory, follicular wave of the cycle 

(Noel et al., 1993). Luteolysis induced by exogenous PGF2a treatment causes a more rapid 

reduction in steroid synthesis by luteal cells than with naturalluteolysis (Corteel, 1975; 

Stacey et al., 1976). An abrupt decline in progesterone synthesis after PGF2a treatment 

results in a more rapid increase in LH pulse frequency as compared with normalluteolysis 

(Parfet et al., 1989), and it may also alter the characteristics of the preovulatory LH surge. 
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Ill-timed luteolysis after PGF2o: treatment (ill-timed with regards to follicle wave dynamics) 

and the subsequent alteration in LH secretion may both alter the selection of follicles for 

ovulation. In cattle, oocyte competence maybe decreased if ovulation occurs from a follicle 

with a prolonged lifespan (Mihm et al., 1994; Revah and Butler, 1996; Mihm et al., 1999); 

however, this may not be the case in sheep (Evans et al., 2001b). 

According to Gordon (1997), PGF2o: treatment does not affect ovulation rate in 

ewes. However, in the studies that Gordon referred to ovulation rate was determined based 

on lambing data or observation at slaughter. Prostaglandin F2o: given initially early or late 

in the luteal phase, and again nine days later to Western White Face ewes in the present 

study, resulted in an average ovulation rate of2.6 ± 0.7. This average ovulation rate is very 

similar to that of prolific Finn sheep (2. 7 ± 0.3) and -50% higher than that seen in normally 

cycling Western White Face ewes (Bartlewski et al., 1999b). In the present and previous 

studies, varying the day of the cycle when PGF2o: was given did not appear to influence the 

ovulation rate (Bindon et al., 1976; Houghton et al., 1995). The increased ovulation rate 

seen in response to PGF2a in the present study appeared to be due to the recruitment of 

ovulatory follicles from the waves that preceded the last wave before PGF2o: treatment 

(penultimate and earlier), and waves emerging after PGF2o: treatment. 

According to Gordon (1997), the average time from PGF2o: treatment to ovulation 

is 70 hours and our results agree with this. However, in the present study, the time from 

PGF2a treatment to ovulation was highly variable (range: 1 to 9 days), as was the ovulation 

rate (range: 0 to 7). Furthermore, the time from PGF2a injection to ovulation was longer in 

ewes first injected early compared to late in the cycle by approximately one day. The 

variability in the interval from PGF2o: to ovulation and the ovulation rate, appeared to be 

due to the emergence of new ovulatory follicular waves after treatment (ovulating late) and 

the extension of the life-span of ovulatory follicles from waves that emerged before PGF2a 

(ovulating early). 

In sheep, the timing to the preovulatory LH surge is affected by the specific day of 

the cycle on which PGF2o: is administered (Acritopoulou and Haresign, 1980; Deaveret al., 

1986) and in heifers, the interval from PGF2o: injection to ovulation seems to differ 
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depending on the wave from which the ovulatory follicle arises (Kastelic and Ginther, 

1991). Clearly, the timing of ovulation and number of ovulations after PGF2o: treatment 

depend on the follicle wave status at the time of injection. Ewes first treated earlier in the 

cycle had more ovulatory-sized follicles that failed to ovulate after PGF2o: compared to 

ewes first treated late in the cycle (data pooled for the first and second PGF2o: injections). 

However, both the early- and late-treated ewes had similar ovulation rates. This effect did 

not appear to reflect luteal status at PGF2o: injection. All ewes would have been in the early 

luteal phase at treatment, except for ewes at first injection given late in the cycle. Numbers 

of anovulations did not differ in response to PGF2o: given first in the late luteal phase or 

nine days later in the same ewes (also early luteal phase). This effect ofPGF2o: on ovulatory 

response in ewes appeared to be related to the stage of the cycle at first injection of PGF2a· 

The greater anovulation in ewes first given PGF2o: early in the cycle in response to the first 

or second injection could be due to a more dramatic and long-lasting disruption of follicle 

wave dynamics exerted by PGF2o: early in the cycle compared to late in the cycle. The time 

from injection to ovulation was also longer in ewes given the first injection ofPGF2o: early 

in the cycle. 

Significantly fewer luteal structures were detected relative to the number of 

ovulations when PGF2o: was first given early compared to late in the luteal phase. This 

difference appeared to be due mainly to the response to the second PGF2o: injection in ewes 

first given PGF2o: early compared to late in the cycle. Regardless of the stage of the cycle 

at which the sheep were treated with PGF2o:, not every ovulation resulted in a detectable 

CL. Luteal insufficiency was seen in this study (Chapter 3) and many authors have 

proposed mechanisms for this phenomenon (Haresign and Lamming, 1978; McNatty et al., 

1981; McLeodet al., 1982; Murdoch and Dunn, 1983; Legan et al., 1985; Rahmanian and 

Murdoch, 1987; Beard and Hunter, 1994). It has been shown previously that normal and 

insufficient CL can co-exist in a sheep, or even in an ovary of a sheep (Bartlewski et. al, 

1999a-d). In the present study, ewes first given PGF2o: early in the cycle had slightly more 

ovulatory-sized follicles at PGF2o: injection than ewes first treated late in the cycle, but in 

ewes first given PGF2o: early in the cycle, the follicles appeared less viable as more were 
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anovulatory and fewer developed into luteal structures. When PGF2a was first given late 

in the cycle, a smaller, perhaps more viable and better selected cohort of follicles, grew to 

an ovulatory size. 

As has been shown previously, the addition of a low dose of PMSG to the 

progestogen sponge treatment was essential to achieve consistent oestrus and ovulation in 

anoestrous ewes (Gordon, 1983; Robinson, 1988). The timing of oestrus and ovulation in 

PMSG treated anoestrous ewes was similar to that seen in other studies (Gordon, 1975, 

1997). No advancement of oestrus was noted in PMSG treated ewes compared to controls 

during the breeding season; some advancement of oestrus has been reported previously 

(Gordon, 1971; Botha et al., 1975; Gordon, 1975; Boland et al., 1978). Low doses of 

PMSG may or may not cause a small increase in ovulation rate during the breeding season 

(Ainsworth et al., 1977; Boland et al., 1979); we noted a numerical but non significant 

increase during the breeding season (P>0.05) and, serum concentrations of progesterone 

were higher (P<0.05) in PMSG compared to control ewes; total luteal volumes appeared 

higher in PMSG treated ewes (P>0.05). 

As for follicular dynamics, the most dramatic finding was the lack of a major 

consistent disruption by PMSG. At superovulatory doses in sheep, PMSG has been shown 

to recruit and increase the growth rate of follicles, and alter follicle size class distribution 

(Driancourt and Fry, 1992). The size of follicles prior to ovulation or at their maximal size, 

was greatest in season compared to anoestrus. This appeared to be largely due to PMSG 

treatment in ewes during the breeding season. Follicle size at sponge removal did not differ 

between the breeding season and anoestrus. Following PMSG treatment in anoestrous ewes, 

the FSH peak interval was slightly longer than in control ewes but the interval between 

follicle waves did not differ significantly. This may reflect a suppressive effect of PMSG 

on FSH release, perhaps mediated by oestradiol. 

In the PGF2a study, there were no noticeable differences in endocrine parameters 

between treatment groups. Ewes treated with PMSG had elevated serum concentrations of 

progesterone compared to control ewes; however, this may have been due to a slight 

increase in the total luteal tissue and not due to increased progesterone synthesis. Low dose 
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PMSG treatment appeared to significantly increase the oestrogenicity of large follicles in 

the PMSG study. This effect was perhaps more dramatic in anoestrous ewes as follicles in 

anoestrous ewes are less oestrogenic (Fig. 4.2 and 4.6; Bartlewski et al., 2000b ). This 

increased steroidogenesis has been observed previously with superovulatory doses of 

PMSG (Moor et al., 1985; Jabbour and Evans, 1991; Driancourt and Fry, 1992). This 

increased steroidogenic capacity may be due to the long circulating half-life of PMSG (63 

hours) and its double gonadotrophic effect (FSH (80%) and LH (20%) activity). It is 

interesting that the dose of PMSG selected over time and most consistently used to induce 

oestrus and ovulation in anoestrous ewes (Gordon, 1997) is a dose that had no disruptive 

effects on follicle dynamics, but increases oestrogenicity within physiological ranges 

(Bartlewski et al., 1998). This increase in oestrogenicity was obviously sufficient to induce 

oestrus and cause a preovulatory LH release for ovulation. In anoestrus, LH secretion and 

therefore oestradiol secretion is suppressed to prevent ovulations (Karsch et al., 1979, 1980; 

Goodman, 1994) even though waves of follicles, growing at regular intervals to ovulatory 

size, still occur (Bartlewski et al., 1998, 1999c-d). 

Both before and after PMSG treatment, follicle waves and their accompanying 

peaks in FSH secretion were more frequent in MAP-treated ewes during anoestrus than the 

breeding season. Some suggestion of this has been seen previously (Evans et al., 2000, 

2001a), but this was the first opportunity to compare season within a breed in one study. 

There was the suggestion of increased gonadotrophic support for follicle 

recruitment late in the period of MAP sponge treatment in anoestrous ewes because more 

follicles were seen in anoestrous ewes on the day of sponge removal and in waves emerging 

shortly after sponge removal. We did not look at LH secretion and there was no evidence 

of increased FSH peak height preceding the emergence of waves present at PMSG 

treatment in anoestrous compared to cycling ewes. 

5.2 Conclusions 

1. Ovulation rate increased by approximately 50% after PGF2a treatment compared 
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with that normally seen in Western White Face ewes, regardless of the day of 

treatment. This appeared to be due to the recruitment of ovulatory follicles from the 

waves emerging before or after the final wave before PGF2a treatment. Progestogen 

treated ewes also ovulated follicles from several waves and this is in contrast to 

cyclic ewes of the same breed. Unlike the ovarian response to PGF2a, the sponge 

treatment stimulated synchronous maturation and ovulation of antral follicles 

emerging from separate waves. 

2. The number of ovulations and the time from PGF2a treatment to ovulation were 

highly variable. The variability in the timing from PGF2a to ovulation appeared to 

be due to the emergence of new ovulatory follicular waves after treatment and the 

extension of the lifespan of ovulating follicles from waves emerging before PGF2a 

treatment. Ewes first treated with PGF2a early in the cycle had a longer interval (by 

about one day), from treatment to ovulation, compared to ewes first treated late. 

3. Ewes first treated earlier in the cycle had more ovulatory-sized follicles that failed 

to ovulate after PGF2a compared to ewes first treated late in the cycle. 

4. Significantly fewer luteal structures, relative to the number of ovulations, were 

detected by ultrasonography post-ovulation in ewes first given PGF2a early in the 

cycle. 

5. Pregnant mare serum gonadotrophic (500 IU) given at the end of a twelve-day 

period of treatment with progestogen impregnated intravaginal sponges had limited 

effects on the dynamics of ovarian follicular waves. In anoestrus, ovulatory sized 

follicles were more oestrogenic in PMSG treated ewes leading to the consistent 

occurrence of oestrus and ovulation. The effect of PMSG in season was less 

obvious with small positive effects on follicle oestrogenicity, growth, and ovulation 

rate. 
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6. Ewes treated with PMSG had elevated serum concentrations of progesterone 

compared to control ewes; however, this may have been due to a slight increase in 

the total luteal tissue and not due to increased progesterone synthesis. 

7. Anoestrous MAP-treated ewes in general produced more frequent follicular waves 

and their associated FSH peaks compared to cycling MAP-treated ewes. 

8. The variability in anovulation and luteogenesis dependent on the stage of the cycle 

PGF2a is given may contribute to the variability in fertility at PGF2a induced 

oestrus. 

9. Prostaglandin F2a and progestogen treatments both appear to disrupt the normal 

selection of ovulatory follicles which may have implications for oocyte quality and 

fertility. 

10. The dose of PMSG arrived at historically for use in anoestrous ewes for induced 

oestrus appears fairly optimal in that it does not disrupt folliculogenesis but 

increases oestrogen production to induce oestrus and a normal LH surge. In season 

the use of PMSG (500 IU) is of questionable benefit. 

5.3 Future studies 

1. The findings of the present studies (Chapters 3 and 4) suggest that alternative 

oestrous synchronization techniques should be examined for sheep. The 

synchronization of follicular waves, oestrus, and ovulation in cattle has been 

successful (Bo et al., 1995; Gordon, 1996). It would be interesting to see if 

synchronization of follicle waves could be done in the ovine species during the 

breeding season and if these treatments could be used to enhance fertility to induced 

breeding in seasonal anoestrus. We could study many different methods: 
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A. If a LH-responsive follicle exists in a seasonally anoestrous ewe, this 

follicle can be induced to ovulate by an exogenous GnRH-stimulated LH 

surge (Rubianes et al., 1997). In cattle, exogenous GnRH can knock out 

developing follicles at anytime during the cycle and a new wave of follicles 

develops once the largest growing follicle becomes atretic (Gordon, 1996). 

The use of GnRH to synchronize follicle wave emergence has not been 

looked at in seasonally anoestrous sheep. 

B. In the cow, administering exogenous oestradiol suppresses the growth of the 

dominant follicle and follicle wave emergence can be synchronized using 

this treatment (Bo et al., 1993, 1994; Cavallieri et al., 1997). Meikle et al. 

(2000) recently conducted a study in seasonally anoestrous sheep using a 

single oestradiol injection. They reported detecting LH and FSH surges 

twelve to eighteen hours after oestradiol injection. Ovulations were not 

induced by these gonadotrophic surges. The authors claimed that, in the 

oestradiol treatment group, the diameter of the largest follicle decreased and 

was smallest three days after treatment, while no effect was seen in the 

control group. After the oestradiol injection, the authors stated that a new 

follicular wave emerged after 2.4 ± 0.4 days. None of the data trends in the 

report above were significant (P>0.05). Apart from this study, the effects of 

a single oestradiol injection on follicular wave emergence have not been 

explored in seasonally anoestrous sheep. 

C. In anoestrous ewes there are no ovulations and so no progesterone 

production from a corpus luteum. Oestradiol maybe more effective in 

suppressing gonadotrophic secretion and therefore terminating follicle 

growth, in the presence of progesterone (Gordon, 1997; i.e. as in a cyclic 

cow); a longer exposure to oestradiol may also help. In cattle, oestradiol can 

knock out developing follicles anytime during the cycle (Bo et al., 1993, 
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1994; Cavallieri et al., 1997). A new wave of follicles develops once the 

largest growing follicle becomes atretic. The interval from treatment to 

wave emergence is 4.3 ± 0.2 days after oestradiol (Bo et al., 1995). Follicle 

development, oestrus and ovulation could all be synchronized 

simultaneously if oestradiol is used at the correct time with an oestrous 

synchronizing treatment (Bo et al., 1995). 

D. The effect of ram introduction on ovarian follicular wave dynamics has 

never been investigated using ovarian ultrasonography coupled with 

hormone measurements. If preconditioned by a period of total separation 

from rams, many anoestrous ewes from many breeds react to male 

reintroduction by having a reasonably well synchronized oestrus about one 

oestrous cycle after ram exposure (Underwood et al., 1944; Edgar and 

Bilkey, 1963; Fulkerson et al., 1981; Knight et al., 1981; Gordon, 1997). 

Two different responses are caused by the ram effect: an increased 

ovulation rate (Cognie et al., 1980; Oldham, 1980) and advancing the 

breeding season (Coop and Clark, 1968; Gordon, 1997). The stage of the 

season when ewes are introduced to rams during seasonal anoestrus most 

likely controls the difference in expression of the ram effect (Scott and 

Johnstone, 1994). During the last few weeks of the seasonal anoestrous 

period of the ewe, ram introduction will frequently induce some anoestrous 

ewes to ovulate within two to three days (Knight et al., 1978; Oldham et al., 

1979). However, behavioural oestrus is not displayed around these 

ovulations but typically observed after-- three weeks (Knight et al., 1978; 

Oldham et al., 1979). In reaction to the ram effect, there are usually a couple 

of periods of oestrous activity- the first at -18 days after ram contact and the 

second at -22-24 days (Gordon, 1997). The fact that ewes ovulate prior to 

displaying oestrus and that the first CL regresses after 6-8 days account for 

this postponed oestrus (Tervit et al., 1977). If behavioural oestrus is to 
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accompany oestrus, having sufficient priming with progesterone is 

necessary (Robinson, 1968). First, the effect of ram introduction on ovarian 

follicular dynamics would be investigated in anoestrous ewes. A 

modification to this experiment would involve comparing ram introduction 

during the early, mid, and late anoestrous periods. Thirdly, the gradient-like 

effects of no, fence line, and complete ram introduction could be compared 

in anoestrous ewes. Another idea that could be explored is the use of 

progesterone or progestogens in ewes just prior to ram introduction. Many 

of these studies could be repeated during the breeding season. 

2. Treatment of ewes with oestradiol implants could be used to advance our 

knowledge about the actions of FSH on follicular wave dynamics. The model 

appears to work through suppression of peaks of LH and FSH in cycling sheep. 

Normally in sheep, follicular wave emergence and FSH peaks both occur at -four

day intervals (Ginther et al., 1995). The production and release ofFSH are induced 

by GnRH and suppressed by oestradiol and inhibin (McNeilly, 1984; Burger, 1988; 

Henderson et al., 1988; Martinet al., 1988; Baird et al., 1991; McNeilly, 1995; Van 

Cleeff et al., 1995). Oestradiol injections suppress pulsed LH secretion, but the 

effect on FSH is variable. Implants releasing oestradiol will give longer term 

gonadotrophin secretion and the size of implant can be designed to give variable 

suppression ofLH/FSH. The importance of basal FSH and peaks ofFSH on follicle 

wave dynamics in sheep is only partially understood. It maybe possible to block 

peaks and study the effects of prolonged basal FSH levels on follicular dynamics 

in sheep. The effects of exogenously inducing peaks ofFSH, with or without basal 

levels of FSH, could also be investigated using this model. 
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