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(ABSTRACT) 

Prostaglandin (PG) F, is luteolytic in ewes, but the exact mechanism for this 

effect is not clear. 6a-Methyl-17a hydroxyprogesterone acetate (MPA) reduces uterine 

secretion of PGF,ca, but it does not mterfere with luteolysis. The mechanism by which 

MPA suppresses PGF,« and permits luteal regression remains to be determined. Three 

experiments were conducted to determine whether MPA reduces PGF>« in uteroovarian 

blood, causes the release of PGFoa before d 14 of the estrous cycle, or increases 

sensitivity of corpora lutea (CL) to exogenous PGF7a. In Exp. 1 and 2, blank (control) 

or MPA-impregnated pessaries were inserted six days after estrus (i.e., d 6). Jugular, 

vena caval, and(or) uteroovarian blood samples were collected frequently (i.e., at .5 h 

intervals during twice daily collection periods of 2 h each) before and after luteolysis. The 

MPA reduced (P < .05) jugular, vena caval, and uteroovarian concentrations of PGF 7a, 

but MPA did not affect the interval from estrus to the first day of luteolysis. Average 

PGF a concentrations in uteroovarian and vena caval blood differed (P < .05) but the 

profiles did not. In Exp. 3, blank (control), MPA-impregnated, or no (untreated) 

pessaries were inserted on d 7. A minimal luteolytic dose of PGF 7a (Lutalyse ®; 4 mg/58 

kg of body weight) was administered on d 8 or 12, blood samples were collected and the 

CL were collected 48 h after PGF 0 treatment. The MPA increased the sensitivity of CL 

to exogenous PGF7a. Progesterone and CL weights were less (P < .05) im MPA-treated



ewes than in control and untreated ewes given PGFya on d-8. The MPA-treated ewes 

given PGF7a on d-12 had smaller CL than did ewes in the other two groups, but MPA did 

not affect progesterone concentrations. In summary, MPA reduces the ability of the 

uterus to secrete PGF 7a and increases the sensitivity of CL to a minimal luteolytic dose of 

PGF a. This information should improve our ability to control the estrous cycle ewes.
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STATEMENT OF PROBLEM 

Since prostaglandin (PG) F7a was found to be luteolytic in cattle and sheep, it has 

been studied rigorously to determine its mechanism of action. However, the mechanisms 

controlling uterine secretion of PGF,c and luteolysis remain unclear. Several critical 

questions for a complete understanding of luteal function remain to be answered. For 

example, how does PGF,a cause functional and structural luteolysis, and what 

mechanism(s) control the regularity of cyclic luteolysis? Are factors other than PGF,a 

luteolytic, and what hormonal environment is required for luteolysis? 

Luteal progesterone seems to have a major role in regulating the timing of 

ovulation, and thus the estrous cycle. Because of this, progesterone, and its synthetic 

analogs (progestogens) are often used m synchronizing the time of estrus. One 

progesterone analog used to synchronize estrus in sheep is 6a-methyl-17a 

hydroxyprogesterone acetate (MPA) delivered via pessaries. It was believed that MPA 

prevented ewes from showing estrus by maintaining increased circulating progestogen 

concentrations and preventing luteolysis. When the exogenous progestogen was removed, 

secretion of uterine PGF,a would increase and cause luteolysis. However, several reports 

indicate that, although estrus was delayed m ewes treated with MPA, luteolysis was not 

delayed (Echternkamp et al., 1976; Fairclough et al., 1983; Schoombe et al., 1988; Fortin 

et al., 1994). Interestingly, it was recently reported that in ewes treated with MPA, vena 

caval concentrations of PGF,« did not increase before luteolysis (Fortin et al., 1994). 

Previously, Fairclough and coworkers reported that MPA reduced the amplitude of 

jugular concentrations of PGFM (Fairclough et al., 1983). These results lead to additional 

questions: 1) Is PGF7a the sole luteolysin?; 2) Could an increase in PGF7q have been 

missed? The first two experiments for this thesis were designed to determine whether 1) 

the results of Fortin et al. (1994) could be repeated, 2) changes in vena caval



concentrations of PGF,c reflected uteroovarian changes, and 3) an mcrease in PGF,a 

release was missed. The third experiment was conducted to determine whether treatment 

with MPA may enhance luteal sensitivity and permit luteolysis in response to reduced 

concentrations of PGF,a.



REVIEW OF LITERATURE 

Review of the ovine estrous cycle 

The estrous cycle constitutes a series of hormonal changes that ultimately lead to the 

release of an ovum and the formation of corpora lutea in nonpregnant ewes. There are 

seven hormones primarily involved in regulating the estrous cycle: hypothalamic GnRH; 

pituitary LH, FSH (anterior), and oxytocin (posterior); ovarian estradiol, progesterone, 

and oxytocin; and uterme PGF,a. The timing of the release of these hormones seems to 

control the duration of the estrous cycle (see Figure 1). 

In the Northern Hemisphere, most breeds of ewes have estrous cycles in the fall and 

winter, and they are generally anestrous in the spring and summer (Goodman, 1988). On 

average, ewes have a 17-d estrous cycle (Marshall, 1904), which is roughly divided into 

follicular and luteal phases. During the follicular phase, estradiol concentrations are 

greatest, whereas during the luteal phase progesterone concentrations are greatest. Just 

before estrus, hypothalamic secretion of GnRH increases and stimulates the pulsatile 

release of LH and FSH from the anterior pituitary (Schally et al., 1973). The blood carries 

LH and FSH to the ovaries, where they stimulate follicular growth and estradiol 

production. Concentrations of estradiol and LH increase in parallel. Estradiol reaches a 

threshold that is necessary for estrus and the induction of a surge of LH, which is required 

for ovulation (Fink, 1988; Goodman, 1988) and luteinization of follicular cells (Smith et 

al., 1994). After ovulation, morphological and biochemical changes (luteinization) of the 

granulosa and theca interna cells of the ovulatory follicle are initiated, and the CL 

develops (Fink, 1988; Niswender and Nett, 1988). The compartmentalized structure of 

the preovulatory follicle is lost, i.e., cells from the theca interna migrate and mix with 

granulosa cells. As the cells change after ovulation, they become capable of synthesizing



and secreting progesterone. Luteal production of progesterone, which suppresses the 

release of GnRH, LH, and FSH, increases from approximately d 4 to its maximum on d 

12. Around d 12, uterine secretion of PGF «a increases, which is thought to initiate luteal 

regression (McCracken et al., 1972; Thorburn et al., 1973; Barcikowski et al., 1974). A 

positive feedback loop is initiated between luteal oxytocin and uterme PGF,c resulting in 

pulsatile secretion of PGF,a, which seems to be necessary for complete luteolysis 

(Schramm et al., 1983; Flint et al., 1986). Oxytocin from the posterior pituitary may 

initiate this positive feedback relationship between luteal oxytocin and uterine PGF a 

(Silvia et al., 1991). As the CL regresses, GnRH, LH, FSH, and estradiol secretion 

increase, and another cycle of events is initiated.
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History: The search for a luteolysin 

Progesterone is the main secretory product of the CL and plays a significant role in 

regulating the duration of the ovarian cycle and maintainmg pregnancy (McCracken and 

Schramm, 1988). The CL must be "removed" for a new cycle to be initiated. The results 

of numerous studies indicated that uterme PGF ca causes the demise of the CL. The 

following review describes the process whereby uterine PGF,a was recognized as "the 

luteolysin". 

In 1923, Loeb found that the CL was influenced by the uterus, because complete 

hysterectomy in guinea pigs "preserved" the function of the CL, and partial hysterectomy 

delayed luteolysis. Similarly, Wiltbank and Casida (1956) found that in sheep the CL was 

maintained after hysterectomy. When a portion of the uterus was removed adjacent to the 

CL, the lifespan of the CL was extended (Moore and Rowson 1966a; Inskeep and 

Butcher, 1966). This effect was not apparent when the uterine horn opposite to the ovary 

with a CL was removed (Inskeep and Butcher, 1966). Subsequent experiments involving 

autotransplants verified that the ovary containmg the CL depends on the uterus. The 

lifespan of the CL was maintained when the ovary was tranplanted to the neck, leaving the 

uterus in situ, and vice versa (Goding et al., 1967a,b). When the ovine ovary and uterus 

were transplanted to the neck, normal cyclicity was maintained (Harrison et al., 1968). 

Furthermore, treatments with intrauterine devices (IUD) and intrauterine injections of 

benzyl alcohol, an irritant, into the ovine uterus shortened the lifespan of the CL, when the 

treatments were confined to the uterine horn adjacent to the CL (Hawk, 1968; Melampy 

and Anderson, 1968; Ginther, 1968a; Woody et al., 1968a). The CL was not affected 

when IUD were inserted into the uterine horn opposite to the CL-containing ovary 

(Ginther, 1968a). Importantly, it was later realized that IUD initiate an inflammatory 

response, which increases the production of PGF,a (Pexton et al., 1975). As Hecter and



coworkers (1940) had speculated, it seemed that something from the uterus acted locally 

on the CL to cause luteolysis. Thus, by removing the uterus or altering the uterine 

environment, the CL was directly affected. 

Babcock (1966) suggested that a prostaglandin may be the uterine factor causing 

luteolysis. In 1969, Phariss and Wyngarden proposed that PGF,a may be the uterine 

prostaglandin because it was abundant in the human endometrium (Pickles, 1967), and 

they showed that PGF7a was luteolytic in pseudopregnant rats (Phariss and Wyngarden, 

1969). Prostaglandin F,« was also shown to be luteolytic in sheep (McCracken et al., 

1970; Barret et al., 1971) and cattle (Rowson et al., 1972). Additional evidence that 

PGF a was luteolytic was quickly discovered. In 1971, PGF a in uteroovarian blood 

was reported, and in 1972 prostaglandins in the endometrium was reported (Bland et al., 

1971; Wilson et al., 1972). Spilman and Duby (1972) reported that the reduced estrous 

cycle length caused by inserting IUD could be overcome with indomethacin, a 

prostaglandin synthesis inhibitor. Later studies involving immunization against PGF7a 

delayed or prevented luteal regression (Scaramuzzi and Baird, 1976; Fairclough et al., 

1981). 

Various intra-arterial doses of PGF7a (ranging from 10 to 100 pg/h) were infused 

into the autotransplanted or intact ovary, and caused luteolysis (McCracken et al., 1970; 

Barrett et al., 1971; Chamley et al., 1972; Thorburn and Nicol, 1972). When larger doses 

were infused, luteal regression was rapid, and there was a noticeable decrease in blood 

flow through the ovary; this effect was not detected when smaller doses were used. The 

smallest dose capable of causing complete luteolysis was 10 ug/h for 3 to 4h. When an 

intra-arterial infusion of 2 l1g/h was used, progesterone decreased, but complete luteal 

regression occurred only occasionally (Chamley et al., 1972). When PGF, was infused 

(100 pg/h) systemically, the function of the CL was not affected (McCracken et al., 1970).



Thorburn et al. (1973) reported a detailed study of the secretion of PGF «a in intact cyclic 

ewes with catheters in the uteroovarian vein. They found that PGFya was secreted 

throughout the cycle as small pulses lasting 1 to 3 h, and, around the time of luteolysis, the 

pulses increased in frequency and magnitude as the concentration of progesterone 

decreased. The question that remained unanswered was: How did uterine PGF,a reach 

the ovary locally to cause the CL to regress?



From the uterus to the ovary 

Prostaglandin Fo is almost completely removed from the blood during one passage 

through the lungs (Ferreira and Vane, 1967). So, how can uterme PGF a reach an ovary 

to cause luteolysis? Because PGF, is a potent venoconstrictor (DuCharme and Weeks, 

1967), Phariss and Wyngarden (1969) originally suggested that PGF,c-induced luteolysis 

may be the result of a reduction in blood flow to the CL, because blood flow to the CL is 

greater than to any other tissue or organ (see Wiltbank, 1994). The reduction in blood 

flow to the CL, which is among the first responses detected during luteolysis (Niswender 

et al., 1976; Nett et al., 1976), may play an important role in luteolysis, or it may just be a 

"consequence rather than a cause of luteal regression" (Baird, 1978). The lymphatic 

system has also been suggested to be involved in the transfer of PGF,a; however, the 

extent of its role remains unclear (Staples et al., 1982). 

The effect of PGF,« on the CL was shown to be a local, rather than a systemic, 

action. In animals, such as cattle and sheep, with a local uteroovarian relationship, the 

ovarian artery is convoluted and lies in close proximity to the uteroovarian vem; this is 

not seen in animals, such as horses, with a systemic luteolytic pathway (see Figure 2; 

Ginther, 1974). The uteroovarian vein drains the uterine horn and the adjacent ovary, and 

it terminates in the vena cava (Del Campo and Ginther, 1973). Del Campo and Ginther 

(1974) found that the walls of the ovarian artery and the uteroovarian vein were thinner in 

the area of contact between the two vessels, and this may favor the passage of a uterine 

substance from the venous drainage to the ovarian artery. 

Barret et al. (1971) provided evidence for a local luteolytic pathway between the 

uterus and ovary; luteolysis was blocked when the uteroovarian vein and ovarian artery 

were separated. This was also shown by Restall and coworkers (1973). Also, a 

countercurrent exchange of PGF,a between the two vessels was demonstrated when



tritiated PGF 2a was infused into the uteroovarian vein and it appeared in the adjacent 

ovarian artery (McCracken et al., 1971, 1972). 

The suggestion that the luteolysm may pass from the uteroovarian vein to the 

ovarian artery lead to several excellent experiments involving the anastomosis of the 

uterine veins and the ovarian arteries in hemihysterectomized animals (for review, see 

Ginther, 1974). Results from these studies clearly indicate that luteal regression is exerted 

through a unilateral uteroovarian pathway and that the pathway is venoarterial; the 

luteolysin is passed from the main uterine vem to the ovarian artery. Additional 

experiments, involving infusions and cross-circulation, demonstrated that PGF,a was 

present in uteroovarian venous blood at the time of luteolysis (Caldwell and Moor, 1971; 

McCracken et al., 1972, Baird et al., 1973a,b). In summary, the uterus secretes PGF,c., 

it is carried in the blood from the uterine venous drainage to the ovarian arterial supply via 

a countercurrent exchange, and it regresses the CL on the adjacent ovary. 
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Figure 2. Local relationship between the uteroovarian vein and the ovarian artery in 

sheep and the horse vasculature, in which luteolysis seems to be via a systemic pathway 

(from Ginther, 1974). 
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Prostaglandin Fa 

Prostaglandins are potent lipophilic compounds that are involved in an array of 

biological actions, including inflammation, immunological responses, male and female 

reproductive changes, vasoconstriction, and vasodilation (Kelly, 1981; Wolfe, 1982). 

Aracidonic acid (AA) is the precursor for the synthesis of PGF 7a, and AA is formed from 

an essential fatty acid, linoleic acid. The resulting AA is either stored as phospholipids in 

membranes or as triacylglycerols in the cytosol (Lands, 1979). The flow of AA into and 

out of the lipid pools is controlled by estradiol, progesterone, and oxytocin, through their 

effects on phospholipase Ay, esterases, and lipases. Endometrial lipid droplets are few in 

number when estradiol is increased, but, as the concentration of progesterone increases, 

there is a corresponding increase in lipid accumulation (Brinsfield and Hawk, 1973). 

It seems that estradiol and progesterone exert their effects indirectly on the lipid 

pools. Estradiol enhances the flow of AA out of the lipid pools by activating the 

necessary enzymes (phospholipase Aj, esterases, and lipases), whereas progesterone 

stimulates the production of enzyme inhibitors. Oxytocin seems to exert its effect through 

phospholipase C, which increases the availability of calctum and activity of phospholipase 

Ay. Thus, around the time of estrus, when the concentration of estradiol is increasing, the 

rate of AA conversion to PGF 7a increases along with enzyme activity. However, 

following ovulation, as the CL begins to form and progesterone concentrations increase, 

there is a corresponding increase in lipid accumulation due to the inhibitory effect of 

progesterone on enzyme activity (see Silvia et al., 1991). 

After AA has been freed from endometrial lipid pools or cholesterol esters, it can be 

metabolized by prostaglandin endoperoxide synthase (cyclooxygenase) to produce PGG> 

(Figure 3). Uterie concentrations of cyclooxygenase undergo cyclical changes 

concurrent with changes in uterme PGF; uterme cyclooxygenase and PGF, increase 
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before a decrease in plasma progesterone concentrations (Huslig et al, 1979). 

Arachidonic acid can also be metabolized by lipoxygenase to form leukotrienes, which are 

involved in the immune response. Prostaglandin G> is converted to PGH> through 

peroxidase activity. Prostaglandin Hz can be converted to different prostaglandms by 

specific enzymes. Prostaglandin F synthase is the specific enzyme that converts PGH) to 

PGF a. In the latter stages of the ovine estrous cycle, PGF synthetase activity in the 

endometrium increases two-fold (Huslig et al., 1979). Prostaglandin Fy is oxidized by 

15-hydroxy-prostaglandin dehydrogenase to 15-keto-PGF 7a, which is quickly reduced by 

prostaglandin-A!3 reductase to its stable metabolite, 13, 14-dihydro-15-keto-PGF ja 

(PGFM). Factors such as indomethacin and aspirin have an inhibitory effect on 

prostaglandin synthase (Wolfe, 1982), thus disrupting the synthesis of PGF ja and 

preventing luteolysis. 
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Figure 3. Prostaglandin F7a biosynthesis and metabolism. 
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The corpus luteum: characteristics of small and large luteal cells 

Histochemical, light microscopic, electron microscopic, and specific monoclonal 

antibody (bovine) techniques have been used to differentiate large and small luteal cells 

(Fitz et al., 1982; Alila and Hansel, 1984; Rodgers et al., 1984; Farin et al., 1986). Small 

luteal cells range from 12 to 22 um in diameter and are derived from theca interna cells. 

These cells are spindle shaped, have irregularly shaped nuclei, and often contain 

cytoplasmic inclusions. Lipid droplets, numerous mitochondria, and an abundance of 

smooth endoplasmic reticulum, which is characteristic of steroid-secreting cells, are also 

present in small luteal cells (Farin et al., 1986; Niswender and Nett, 1988; Kenny et al., 

1989). 

In contrast, large luteal cells (© 22 um in diameter) are primarily derived from 

granulosa cells. Some large cells may develop from small luteal cells, although this 

possibility is controversial (Warbritton, 1934; O'Shea et al., 1980; Fitz et al., 1982; Alila 

and Hansel, 1984). Large luteal cells are usually spherical in shape, and they have a lightly 

staming cytoplasm, a large round centrally located nucleus, with a distinct nucleolus, and a 

convoluted cell surface. They contain numerous mitochondria, an extensive golgi 

complex, lipid droplets, isolated stacks of rough endoplasmic reticulum, and an abundance 

of smooth endoplasmic reticulum (Gemmell et al., 1974; Alila and Hansel, 1984; Farin et 

al., 1986; Niswender and Nett, 1988; Kenny et al., 1989). In addition, the cytoplasm of 

large luteal cells contams an abundance of electron-dense membrane-bound secretory 

granules, which contain neurophysin and oxytocin. The concentration of these granules 

seems to change throughout the estrous cycle as their products are released through 

exocytosis (Gemmell et al., 1974; Fields and Fields, 1986; Guldenaar et al., 1984; Sawyer 

et al., 1986.) 
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The two cell types also differ in their number of specific binding sites for LH, PGF> 

a, and PGE. Small luteal cells contain the majority of the receptors for LH, whereas 

large luteal cells contain the majority of the PGFya, PGE, (Fitz et al., 1982), and 

estradiol receptors (Glass et al., 1984). Balapure and coworkers (1989) reported that 

high affinity binding sites for PGF, are present on large luteal cells, and low affinity sites 

are present on small luteal cells. These differences in receptor concentrations are the 

major factors separating steroidogenic abilities and luteolytic response to PGF70 between 

the two types of cells. 

Steroidogenesis 

Both types of luteal cells are capable of producing progesterone (Rodgers et al., 

1984; see Figure 4). However, they differ greatly in the amounts they produce and in their 

response to various stimuli. Luteal cells use cholesterol, which enters the cells complexed 

with lipoproteins, as a source of substrate for progesterone synthesis. Once inside the cell, 

cholesterol is released from the complex and used for progesterone synthesis, or it is 

reesterified by acyl CoA cholesterol transferase (ACAT) and stored in the cytoplasm as 

lipid droplets. Cholesterol can also be synthesized from acetate and released from 

cholesterol ester (lipid droplets) when cleaved by cholesterol esterase. Free cholesterol is 

transported to the mitochondria. Within the mitochondria, the rate-limiting conversion of 

cholesterol to pregnenolone through hydroxylation, oxidation, and side-chain cleavage 

occurs. Pregnenolone diffuses from the mitochondria to the smooth endoplasmic 

reticulum where it is converted to progesterone by the 3P-hydroxy-A--steroid 

dehydrogenase A>, A4-isomerase complex (3B-HSD; Hoyer and Niswender, 1985; 

Niswender et al., 1994). The question of exactly how these intracellular events are 

mediated is still unanswered. 
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Although there are fewer large, than small, luteal cells, basal large-cell production of 

progesterone is approximately 10 to 20 fold greater than that for an equal number of 

small cells (Fitz et al., 1982; Hoyer et al., 1984). Treatment with LH enhances (up to 20 

fold) small luteal-cell production of progesterone (Rodgers et al., 1983a) in a dose- 

dependent manner (Harrison et al., 1987). However, this stimulatory effect of LH is not 

detected with large luteal cells, which may be due partially to their lack of LH receptors 

(Fitz et al, 1982; Rodgers et al., 1983a). Dibutyryl cAMP and hormone-independent 

stimulation of adenyl cyclase by cholera toxin and forskolin also enhance small, but not 

large, luteal cell secretion of progesterone. Cholera toxin and forskolin stimulated cAMP 

production in large cells; however, progesterone secretion was not increased (Hoyer et 

al., 1984; Hoyer and Niswender, 1985; Fitz et al., 1991). Thus, the effect of LH on 

steroidogenesis in small luteal cells seems to be mediated through a cAMP-dependent 

mechanism. Cyclic-AMP activates the protein kinase A system (Hoyer and Niswender, 

1986), which stimulates cholesterol esterase activity. The transport of cholesterol to the 

inner mitochondrial membranes may be enhanced and, thus, increase the production of 

progesterone (Wiltbank et al., 1993). 

More than 80% of the progesterone is secreted by the large luteal cells (Fitz et al., 

1982). However, the factors responsible for steroidogenesis in large luteal cells are less 

clear. The administration of PGE, prolongs the luteal phase of the estrous cycle, and 

PGE, is thought to have a direct effect on luteal-cell function (Pratt et al. 1979). 

Because the majority of receptors for PGE> are located on large luteal cells, a correlation 

between the luteotropic effect of PGE> and the large luteal cells seems possible. Indeed, 

recent evidence supports this idea and indicates that PGE, and PGE> stimulate 

progesterone production by large, but not small, luteal cells (Fitz et al., 1991). However, 

the mechanism controlling the regulation of progesterone synthesis is unclear, because 
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there was no increase in the activity of adenyl cyclase or cAMP concentrations (Fitz et al., 

1991). 

As the estrous cycle progresses, large luteal cells triple in size, but their numbers 

remain constant. In contrast, small luteal cells remain constant in size, but their numbers 

increase five-fold (Farin et al., 1986; Kenny et al., 1989). Interestingly, pharmacological 

doses of LH converted small luteal cells to large luteal cell as previously hypothesized 

(Farin et al., 1988). However, the administration of physiological doses of LH did not 

have this effect (Farin et al, 1990). The changes in size and numbers, and hence 

receptors, may account for the increase in luteal progesterone production throughout most 

of the estrous cycle. In addition, the greater rate of progesterone secretion from large 

luteal cells may be due to greater numbers of mitochondria (Kenny et al., 1989). Indeed, 

it was recently demonstrated that there is a greater amount of RNA encoding for 3B-HSD 

in the large luteal cells (Hawkins et al., 1993). This is in agreement with the finding that 

pregnenolone is converted to progesterone at a rate six times greater in large luteal cells 

than in small luteal cells (see Hawkins et al., 1993). 
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Figure 4. Generic luteal cell model portraying progesterone biosynthesis. 

Cholesterol is the substrate for progesterone synthesis. Cholesterol either enters the cell 

complexed with low (1; LDL) or high (2; HDL) density lipoproteins, synthesized from 

acetate (3), or is cleaved from cholesterol esters by cholesterol esterase (4). Free 

cholesterol enters the mitochondria (5) where it is converted to pregnenolone (6). 

Pregnenolone diffuses from the mitochondria and is converted to progesterone by 3f- 

HSD in the smooth endoplasmic reticulum (from Niswender et al., 1994). 
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Luteolysis 

If pregnancy does not occur, the CL must regress to initiate a new ovarian cycle, 

thus giving the female another opportunity to reproduce. Luteal regression can be 

described as functional and structural luteolysis. The initial decrease in progesterone 

production during luteal regression is described as functional luteolysis, and it is often 

defined as the time when progesterone concentrations are 50% of control values (Eimer- 

Jensen and McCracken, 1976). The changes that follow and the loss of luteal tissue are 

classified as structural luteolysis (McCracken and Schramm, 1988). The decrease in 

serum progesterone (Baird, 1978; Diekman et al., 1978) is followed by decrease in luteal 

weight and eventually a reduction in the number of luteal cells (Braden et al., 1988). 

Although PGF>a is luteolytic in many species, its cellular mechanism of action is not 

completely understood. Large luteal cells contain the majority of the PGF ya receptors; 

thus, regulation of luteal function seems to be mediated through these cells. /n vitro, 

PGF a suppresses progesterone secretion and reduces the viability of large luteal cells 

(Silvia et al., 1984). Prostaglandm Foc-induced luteolysis may result from changes in 

local blood flow, protein kinase C activity, or intracellular calctum dynamics (Nett et al., 

1976; Davis et al., 1987; Hoyer and Marion, 1989; Wiltbank et al., 1989). Recently, the 

phosphatidylinositide/calcium/protein kinase C second messenger systems have been found 

to play important roles in regulating the intracellular actions of PGF7a0 (Figure 5). After 

binding to receptors in large luteal cells, PGF ja stimulates phospholipase C activity, 

which stimulates the hydrolysis of membrane-bound phosphatidylinositol 4,5-bisphosphate 

to diacylglycerol and inositol triphosphate. Inositol triphosphate mobilizes intracellular 

calcium, while diacylglycerol enhances the affinity of protem kinase C for calctum. Protein 

kinase C, which is activated by binding of calcium, regulates the function of intracellular 

proteins through phosphorylation (Davis et al., 1987; Knickerbocker et al., 1988; Jacobs 
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et al, 1991). Prostaglandin Foa increases free intracellular calcium concentrations in 

large cells, in a dose-, time-, and extracellular calctum-dependent manner (Wiltbank et al., 

1989; Jacobs et al., 1991). In addition, stimulation of protem kinase C activity with 

phorbol 12-myristate 13-acetate inhibits large luteal cell secretion of progesterone (Hoyer 

and Marion, 1989). 

Prostaglandin Fya also seems to have a lytic effect on the small luteal cells. 

Luetinizing hormone plays a significant role in CL maintenance. Following the 

administration of anti-LH and hypophysectomy, the CL regressed (Kaltenbach, 1968; 

Fuller and Hansel, 1970). However, when LH was infused continuously, the lifespan of 

the CL was prolonged (Nalbandov and Cook, 1968). This indicates that the stimulatory 

effect of LH on the small luteal cells must be blocked to have complete luteolysis. 

Because pituitary hormones are not withdrawn during luteolysis, some factor must block 

the effect of LH. Luteal tissue pretreated with PGF a in vitro suppressed the stimulatory 

action of LH on adenyl cyclase activity. Interestingly, PGE reversed this effect (Fletcher 

and Niswender, 1982). In addition, the number of small luteal cells decreased after ewes 

were treated with PGFya (Braden et al., 1988). Prostaglandin F,a is produced by the 

corpus luteum during midcycle and the late luteal phase (Rexroad and Guthrie, 1979). 

Thus, local concentrations of PGF,« may be great enough to bind to a significant number 

of low affinity binding sites on the small luteal cells (Balapure et al., 1989). This may 

block the stimulatory effect of LH via some unknown mechanism. However, because high 

affinity PGF,a receptors are present on the large luteal cells (Balapure et al., 1989), 

uterine PGF,a may bind to these receptors and inhibit progesterone production in the 

large luteal cells and indirectly affect the small luteal cells. This mdicates that there may 

be an interaction between the two cells during luteolysis, possibly similar to the "two cell, 

two gonadotropin" concept of ovarian follicular steroidogenesis (Fortune, 1986). 
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Oxytocin, which is present in the large luteal cells (Guldenaar et al., 1984), may play 

a significant role in intercellular communication between the small and large luteal cells 

(Braden et al, 1988). Oxytocin may be released from the large luteal cells and affect the 

small luteal cells by blocking LH receptor sites, because oxytocin can suppress 

gonadotropin-stimulated steroidogenesis (Tan and Briggs, 1984). This may be why there 

is a decrease in small luteal cell numbers before there are any significant changes in large 

luteal cells after PGF a-induced luteolysis. Initially, there seems only to be a change in 

the size of large luteal cells (Braden et al., 1988). Even though the exact mechanisms of 

control are not clear, PGF a seems to regulate luteal function through a second 

messenger system in large luteal cells, and it may have a direct and(or) indirect cytotoxic 

effect on small luteal cells. 
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Regulation of PGF,a by ovarian hormones 

Prostaglandin F,a, which remains low during most of the estrous cycle, is released 

from the uterus in a series of pulses between d 13 and 16 of the estrous cycle 

(Barcikowski et al., 1974). The corpus luteum seems to be particularly sensitive to 

pulsatile release of PGF,a, because the intraovarian administration of PGF,a at 6 h 

intervals is more effective in causing luteolysis than a constant infusion (Schramm et al., 

1983). Furthermore, pulse frequency seems to play an important role in determining the 

effectiveness in causing luteolysis (Zhang, 1991). Progesterone, estradiol, and oxytocin 

play an intrinsic role in the initiation of PGF, synthesis and the regulation of the pulsatile 

release required for complete luteolysis. However, the exact hormonal environment 

required is still unclear. The following sections expand on the role of ovarian hormones 

and their involvement in the luteolytic process. 

Progesterone 

Progesterone is the main secretory product of the CL, which, in mammals, is the 

hormone of pregnancy and plays an important role in regulating cycle length (McCracken 

and Schramm, 1988). In sheep, progesterone begins to increase gradually from d 3 to 8 

and remains relatively constant from d 8 to 14 (Goodman, 1988). Progesterone decreases 

rapidly to low concentrations from d 14 to 16 and remains low for approximately 3 d after 

ovulation (Thorburn et al., 1973; Goodman, 1988). However, if an embryo is present in 

the uterus before d 13, the CL does not regress, and progesterone concentrations remain 

high (Moor and Rowson, 1966b). The decrease in progesterone is detected as luteolysis is 

initiated. However, a decrease in progesterone does not seem to be necessary for the 

increase in pulse frequency of PGF7a that may precede luteal regression (Fairclough et 

al., 1983; Zarco et al, 1988). Starting at the time of estrus, ewes treated with 
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progesterone for 3, 5, 6 or 10 d had reduced cycle lengths (< 13 d; O'Mary et al., 1950; 

Woody et al., 1968b; Lewis et al, 1968). Hysterectomy inhibited the effect of 

progesterone; thus, the action of progesterone on the ovary seemed to be through the 

uterus (Woody et al., 1968b). Ottobre and coworkers (1980) reported that the first peak 

of PGF, occurred earlier (d 8) in progesterone-treated (single injection of progesterone 8 

h after estrus or 8 and 32 h after estrus) ewes with reduced cycle lengths than in control 

ewes (d 12.3). These results are in agreement with the suggestion by Baird et al. (1976) 

that the uterus must be primed with progesterone for 7 to 10 d before uterine PGF,a can 

be released. Ovariectomized ewes treated with progesterone had reduced endometrial 

concentrations and contents of PGF,a and pulses of PGF2a were not apparent, whereas 

intact ewes treated with progesterone had increased concentrations of PGF, (Wilson et 

al., 1972; Fairclough et al., 1983). These studies indicate that progesterone alone is not 

responsible for prostaglandin synthesis and release. Therefore, another ovarian factor 

must be involved. This factor may be estrogen, which is increasing due to follicular 

development at the time of increasing concentrations of uterme PGF a (Baird et al., 

1976). 

Estradiol 

Estradiol secretion remains fairly low throughout the cycle, maximum secretion 

occurs around the onset of estrus, additional random peaks are detected during the 

estrous cycle due to follicular development (see Baird et al., 1976). The lifespan of the 

CL was prolonged when estradiol was given early in the estrous cycle (Denamur et al, 

1970; Hawk and Bolt, 1970). However, if estradiol was administered during the mid- to 

late luteal phase, the CL regressed prematurely; hysterectomy abolished this effect 

(Stormshak et al., 1969; Bolt et al., 1971; Denamur and Kann, 1973; Barcikowski et al., 
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1974; Cook et al., 1974; Bolt and Hawk, 1975). Estradiol was administered for two days 

starting on d 1, 3, 5, 7, 9, or 11, and Hawk and Bolt (1970) reported that d 8 or 9 is the 

first day that estradiol will consistently induce luteolysis. Barcikowski et al. (1974) 

detected a marked increase in the release of uterine PGF following local intra-arterial 

infusion of physiological doses of estradiol-17B on d 14, but not on d 6 or 10; an 

increase was not detected when estradiol-17B8 was infused systemically. Additionally, 

when estradiol-17B and indomethacin, a potent inhibitor of prostaglandin synthesis (Vane, 

1971), were infused together, the effect of estradiol-17B was absent. In each situation the 

uterus seemed to be an essential mediator of the effect of estradiol; estradiol seemed to 

stimulate uterine secretion of PGFoa, as Caldwell et al. (1972) demonstrated with 

ovariectomized ewes. In addition, several studies indicated that a period of exposure to 

progesterone was necessary before estradiol-178 could stimulate uterine PGF 0 release 

(Caldwell et al., 1972; Warren et al., 1973; Barcikowski et al., 1974; Baird et al., 1976; 

Louis et al., 1977). This may expla why PGF,c does not increase until around d 12 to 

14, even though estradiol is secreted throughout the cycle, including early peaks at d 3 and 

4 (Barcikowski et al., 1974; Baird et al., 1976). 

Destruction of ovarian follicles by X-irradiation prolongs luteal lifespan (Karsch et 

al., 1970; Hixon et al., 1975; Zhang et al., 1991) and delays the luteolytic effect of IUD 

(Ginther, 1971). However, exogenous estradiol reversed the effect of follicular 

destruction and decreased the interval between PGF,a peaks in ewes with or without 

destroyed follicles; the tervals between PGF,a peaks were greater in ewes with X- 

irradiated follicles (Zhang et al., 1991). Thus, pulse frequency may play an important 

role, whether it is caused by estradiol or a result of luteolysis. 
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ocin 

Wathes and Swan (1982) measured large amounts of oxytocin in the CL. This was 

supported by Flint and Sheldrick (1983), who found greater amounts of oxytocin in 

Ovarian venous plasma than in the external jugular vein, which carries blood from the 

pituitary (Hegedus and Shackelford, 1965). The secretory granules in the large luteal cells 

are the source of oxytocm (Rodgers et al., 1983b). Oxytocin seems to play a significant 

role in regulating uterine secretion of PGF ja and, ultimately, luteal regression. 

Considerable evidence indicates a close relationship between luteal oxytocin and uterine 

PGF»ya. Uterine PGF a is secreted in response to exogenous oxytocin in vitro and in 

vivo (Roberts et al., 1976; Roberts and McCracken, 1976), and oxytocin is released in 

response to PGF 7a (Flint and Sheldrick, 1982; Watkins and Moore, 1987; Lamsa et al., 

1988, 1989; Flint et al., 1990). Also, luteolysis was delayed when ewes were immunized 

against oxytocin (Sheldrick et al., 1980). Flint and Sheldrick (1983) reported that a large 

release of luteal oxytocin occurred simultaneously with large pulses of uterine PGF a, and 

simultaneous surges of oxytocin-associated neurophysin and PGFM were detected in ewes 

during luteolysis (d 14 to 16; Fairclough et al., 1983). Furthermore, oxytocin-associated 

neurophysin was released in response to systemic infusion of large doses of PGF a in 

intact ewes; this effect was not detected in ovariectomized ewes (Watkins and Moore, 

1987). 

With the wealth of information gathered on the relationship between uterine PGF,a 

and luteal oxytocin, Flint and Sheldrick (1983) proposed that a positive feedback loop 

existed between oxytocin and PGF7a. They suggested that each pulse of PGFya would 

cause the release of the entire content of luteal oxytocin, and the interpulse interval of 

PGF>a would then be regulated by the time it took for replenishment of luteal oxytocin. 

However, Lamsa et al. (1989) reported that the releasable pool of luteal oxytocin 
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decreases with the advancing age of the CL, and that following each release, oxytocin is 

not replenished. They proposed that oxytocin is secreted as a series of regulated pulses 

during luteolysis and that oxytocin is obligatory for uterine secretion of PGF,a. The 

oxytocin pulses may be regulated through down-regulation of endometrial oxytocin 

receptors (McCracken et al., 1986) and(or) desensitization of the CL to PGF7a (Lamsa et 

al., 1988). 

It is thought that the feedback loop is initiated after the release of oxytocin from the 

posterior pituitary in response to changes in progesterone and estradiol concentrations. 

Pulses of oxytocin, of small magnitude, are released episodically from the pituitary. Small 

increases in PGF,a were detected in the uterine vein during these episodes of oxytocin 

release (see, Lamsa et al., 1989). This is consistent with the finding that large releases of 

luteal oxytocin occur simultaneously with uterine PGF, release (Flint and Sheldrick, 

1983; Hooper et al., 1986; Moore et al., 1986; Lamsa et al., 1989). If pituitary oxytocin 

causes the initial increase in PGF a, it would explain why PGF a in the uteroovarian vein 

begins to increase before the secretion of luteal oxytocin (Lamsa et al., 1989; Moore et al., 

1986). The initial low concentrations of PGF7q (subluteolytic concentrations) trigger the 

release of oxytocin from the large luteal cells, but greater concentrations of PGF7a seem 

to be required to decrease progesterone secretion (Lamsa et al, 1989). The luteal 

oxytocin released in response to PGF,a may either cause a greater release of uterine 

PGF a, by binding to endometrial receptors, or cause uterine refractoriness to oxytocin. 

Additionally, the number of oxytocin receptors in the endometrium may affect the ability 

of oxytocin to stimulate the secretion of PGFja (Roberts et al, 1976). The uterus 

becomes refractory to pituitary and luteal oxytocin for approximately 6 h (Lamsa et al., 

1986). Similarly, a period of 6 h is needed before the oxytocin response to PGF,a is 

restored (Lamsa et al., 1988) This relationship between uterine PGF,a and luteal 
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oxytocin may explain the 6 to 8 h interval between PGF 7a pulses, which seems to be 

necessary for luteal regression (Silvia et al., 1991). 

Endometrial and luteal hormone receptors 

Estradiol may aid in the luteolytic process by inducing the synthesis of oxytocin 

receptors (Zhang et al., 1991). Progesterone seems to affect the change in estradiol 

receptor synthesis (Koligan and Stormshak, 1977). Withdrawal of progesterone results in 

a rapid increase in nuclear estrogen receptors and oxytocin receptors in the endometrium 

(McCracken et al., 1984; Leavitt et al., 1985); thus, the inhibitory effect of progesterone 

was removed (Lau et al., 1993). Endometrial oxytocin receptors were only partially 

inhibited by exogenous progesterone administered during luteolysis (Sheldrick and Flint, 

1985; Lau et al., 1993). Endometrial oxytocin receptors may have become refractory to 

the inhibitory effect of progesterone due to prolonged exposure, possibly due to 

downregulation and(or) loss of progesterone receptors, thus allowing estrogen to 

stimulate oxytocin receptor synthesis (Lau et al., 1993; Morgan et al., 1993). This may 

explain why the number of oxytocin receptors are low during midcycle, when 

progesterone is maximal, and increase late in the estrous cycle (Roberts et al., 1976). 

Blocking progesterone receptors with RU486 delayed the effect of progesterone down- 

regulating its receptor (Morgan et al., 1993). It seems that a finite period (7 to 10 d) of 

progesterone influence is necessary before endometrial progesterone receptors are down- 

regulated, allowing an increase in oxytocin receptors in response to estrogen stimulation. 

Additionally, the decrease in progesterone concentrations, hence removal of inhibition, 

during luteolysis coincides with the increase in oxytocin receptors (Sheldrick and Flint, 

1985), 
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Estradiol may play an important role in regulating luteal function, because cytosolic 

receptors for estradiol are present in the small and large luteal cells. Estradiol may directly 

affect secretion of oxytocin from the large luteal cells, which contain the majority of 

estradiol receptors, by binding to the receptors in these cells (Glass et al., 1984). The 

concentration of luteal receptors for estradiol change throughout the cycle. The 

concentration of receptors are least on d 4 and greatest on d 8. Although progesterone 

secretion is increasing, the increase in receptors from d 4 to 8, may be a reflection of the 

increasing number of small luteal cells and size of large luteal cells. Furthermore, receptor 

concentrations are low again on d 12, when progesterone secretion is maximal, and they 

increase on d 16 when progesterone concentrations are least (Glass et al., 1984). The 

increase in luteal receptors for estradiol near the end of the estrous cycle indicate that they 

may be important for luteal regression. Deane et al. (1966) reported that 3£- 

hydroxysteroid dehydrogenase activity decreased at the end of the estrous cycle, resulting 

in the inhibition of the conversion of pregnenolone to progesterone. Thus, estradiol and 

PGF 5a may be responsible for the reduction of progesterone in the large luteal cells 

during luteolysis. 
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Summary of events 

The CL is formed after ovulation. It is composed largely of two morphologically 

and biochemically different cells, the large luteal cells (formed from the granulosa cells) 

and the small luteal cells (formed from the theca interna), and they are the site of 

progesterone production and secretion. Progesterone secreted from the CL suppresses 

LH pulse frequency but increases LH pulse amplitude, which seems to be necessary to 

induce and maintain progesterone production from the small luteal cells. As the number 

and size of the luteal cells increase, there is a parallel increase in progesterone production. 

During the period of progesterone exposure (i.e., priming), endometrial lipid pools, which 

are necessary for supplying substrate for PGF,c production, accumulate. Also during this 

time, progesterone inhibits estrogen and oxytocin receptor function and synthesis. 

Endometrial oxytocin receptors in the endometrium become refractory to the inhibitory 

effect of progesterone, and progesterone receptors are down-regulated after 7 to 10 d. 

Increasing concentrations of estradiol promote the production of oxytocin receptors via 

binding to endometrial estradiol receptors. This occurs around the time of release of 

uterine PGF,a. Due to the reduction in the imhibitory effect of progesterone and 

increasing estradiol, endometrial enzyme activity necessary for PGF,a production 

mecreases. Furthermore, oxytocin released from the corpus luteum in response to uterine 

PGF, binds to the increasing number of endometrial oxytocin receptors, this causes the 

release of PGF,a via activation of phospholipase A,, and a positive feedback loop is 

initiated between luteal oxytocin and utermme PGF,a. The exact mechanism that initiates 

this feedback loop is unclear. Oxytocin from the pituitary may cause the initial release of 

oxytocin and(or) estrogen may bind to receptors on the large luteal cells to cause the 

release of oxytocin. In any case, as progesterone concentrations decrease, LH pulse 

frequency increases and amplitude decreases as the inhibitory effect of progesterone is 
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removed. Increasing concentrations of estrogen from the graafian follicle (i.e., ovulatory 

follicle) seem to be necessary for complete luteolysis via a large release of PGF,a. 

Estrogen secretion from the ovulatory follicle reaches a threshold causing the LH surge 

necessary for ovulation and the initiation of a new cycle. 
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MATERIALS AND METHODS 

General 

During the breeding season (September to March), mature ewes of mixed breeds 

from the Virginia Tech flock were checked twice daily for signs of estrus using 

vasectomized rams. The first day of estrus was designated as d 0 of the estrous cycle. 

Treatments were assigned randomly to ewes detected in estrus. Ewes completed at least 

one estrous cycle before they were assigned to an experimental group. Blank pessaries 

(control) or pessaries impregnated with 6a-methyl-17a-hydroxyprogesterone acetate 

(MPA; Sigma Chemical, St. Louis, MO), which were used in these experiments, were 

prepared in-house using expanded polyether foam test tube plugs (Jaece Industries, North 

Tonawanda, NY), monofilament fishing line (6.8 kg test), and MPA. A needle was used 

to loop the fishing line through the foam plugs (.e., sponge). At the bottom of the 

sponge, a plastic clothing button was threaded through the fishing line to prevent the line 

from being pulled through the sponge at the time of removal from the ewes. Near the top 

of the sponge, the ends of the fishing line were secured with an over-hand knot. The 

sponges were suspended by the fishing line on a metal rod, and, while constantly stirring, 

three 2-mL aliquots of MPA (10 mg/mL; 60 mg total) in ethanol were added to the 

sponges. Ethanol was allowed to evaporate for approximately 1 h between additions. 

Blank and MPA-containing sponges were stored in separate plastic bags until needed. A 

lubricated 12 mL syringe, with the hub end cut off and smoothed, was used for the 

intravaginal insertion of the pessaries. Pessaries were imserted imto the applicator, 

approximately half of the syringe was inserted into the vagina of the ewes, and the plunger 

was used to push the pessaries out of the applicator and into the vagina, allowing the free 

ends of the fishing line to be exteriorized. Applicators were rinsed with a mild disinfectant 

soap and reused. The fishing line was used to remove the pessaries at the appropriate 
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times. Occasionally, pessaries adhered to the vaginal wall, and a gloved finger was used to 

free the pessary before removal. 

Experiment 1 

This experiment was conducted to answer the questions: 1) Does MPA reduce 

PGF,a concentrations in the uteroovarian vein? 2) Does blood from catheters in the 

uteroovarian vein provide a better indication of uterine activity than does blood from vena 

caval or jugular catheters? On d 7 of the estrous cycle, either blank (control; n = 17) or 

MPA containing (n = 16) pessaries were inserted into intact ewes. Catheters were 

positioned in the jugular vein, the vena cava, and the uteroovarian vein as described 

below. Blood samples were collected from d 14 until 48 h after sponge removal. 

Vasectomized rams were used for estrus detection; however, only two of 14 ewes, from 

which samples were obtained, were detected im estrus during the experiment. Ewes 

treated with MPA should be in estrus within 24 to 48 h after sponge removal (Fortin et al., 

1994). Therefore, 48 h after sponge removal was designated as the standard time to 

discontinue sampling, because ewes were not showing behavioral estrus. Pessaries were 

removed from control ewes on d 16. Initially, pessaries were removed from the MPA- 

treated ewes on d 22. However, due to problems with catheter patency and after 

evaluation of previous data, which indicated that complete luteolysis had occurred by d 16 

in control ewes and by d 18 in MPA-treated ewes (Fortin et al., 1994), pessaries were 

removed on d 18. 

Surgery 

Feed and water were removed from the ewes 48 and 24 h, respectively, before 

surgery. Surgeries were performed on d 13. A polyvinyl chloride catheter (i.d. 1.27 mm, 
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o.d. 2.0 mm, ICO-Rally, Palo Alto, CA) was inserted into a jugular vein by venipuncture 

using a 12-gauge needle. The catheter was sutured to the skin. Sodium pentobarbital (65 

mg/mL of .9% sterile saline; Sigma) was administered via the catheter to achieve a 

surgical plane of anesthesia (i.e., ewes were motionless with no obvious response to 

external stimuli). The ewes were then prepared for aseptic surgery using standard 

shearing and scrubbing procedures. 

After a midventral laparotomy, the uterus and ovaries were exposed. A 

uteroovarian vein was catheterized with polyvinyl chloride tubing (i. d. .90 mm, o.d. 1.65 

mm; ICO-Rally) or Tygon® tubing (i. d. 1.016 mm, o. d. 1.778 mm; Norton Co., Akron, 

OH) coated with TDMAC heparin complex 7% w/w (Polysciences, Warrington, PA). 

The tubing was heparinized as described by S. P. Ford (personal communication). Briefly, 

a 5 mL glass pipet was sealed at the tip with a cork to prevent leakage and held in an 

upright position. The pipet was filled with TDMAC heparin-complex solution, and each 

catheter was submerged in the solution. The solution was pulled through the catheter with 

a syringe attached to the exposed end of the catheter. After 90 s, the solution was 

expelled, and the catheters were hung vertically and dried by forcing air through the 

lumen. When completely dry (allowed at least 48 h), the catheters were wrapped and gas 

sterilized. The heparin-coated Tygon® tubing was used later in the experiment in an 

attempt to increase the duration of catheter patency. 

When one ovary contained a CL, a uteroovarian vein adjacent to that ovary was 

catheterized. If both ovaries contained CL, a right uteroovarian vein was catheterized. 

For catherization, a uterine branch of the uteroovarian vein was located, and the tissue 

surrounding the vessel was removed with micro-dissecting forceps. When approximately 

2 cm of the vein was completely exposed, one person occluded the vessel by applying 

pressure from below the vein (slightly inferior to the incision site) and grasped a portion of 
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the vein with atraumatic DeBakey vascular tissue forceps. A second person made a | to 2 

mm incision in the vein (slightly superior to the DeBakey forceps) and inserted the 

catheter. The tip of the catheter was positioned in the uteroovarian vein dorsal to its 

junction with the vena cava (approximately 10 to 20 cm from the point of entry). The 

catheter was tested for patency and manipulated before being secured. Then, the catheter 

was secured to the mesometrium with 4-0 silk suture and exteriorized through an incision 

in the flank. Again, the catheter was tested for patency before the laparotomy was sutured 

closed. The free end of the catheter was fitted with a blunt 20-gauge (polyvinyl chloride 

catheter) or 18-gauge (Tygon® catheter) hypodermic needle, and the catheter was flushed 

with heparinized saline (sterile .9% saline solution containing 50 USP units of heparin/mL 

and 5,000 units of penicillin G/mL), capped, and tied into the wool. 

Following this procedure, the caudal vena cava was catheterized via the lateral 

saphenous vein as described by Benoit and Dailey (1991). While the ewes were still 

anesthetized, a surgical site was prepared on the rear leg corresponding to the side of the 

uteroovarian venous catheter. The saphenous vein, located dorsal and lateral to the hock, 

was exposed by blunt dissection through a 3 to 4 cm incision in the skin. The vessel was 

occluded by placmg a hemostat under the vein. A small incision (approximately 2 mm) 

was made in the vein, superior to the hemostat, and a polyvinyl chloride (i.d. 1.27 mm, 

o.d. 2.0 mm, ICO-Rally) or heparinized Tygon® (i. d. 1.27 mm, o.d. 2.286 mm) catheter 

marked at 50, 55, and 60 cm before treatment with TDMAC was inserted into the 

saphenous vein. The end of the catheter was fitted with a blunt 18-gauge (polyvinyl 

chloride tubing) or 16-gauge (Tygon® tubing) hypodermic needle. Two 6 mL blood 

samples were collected into heparinized tubes (150 USP units of heparin/mL of .9% 

saline), at 10-min intervals, from each distance marked on the catheter. Before taking a 

representative sample from each site, a 3-mL sample was drawn and discarded to prevent 
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mixing of blood from two collection sites. Between the two sampling times, catheters 

were flushed with heparinized saline (10 USP units of heparin/mL of .9% saline). At the 

end of surgery, each catheter was flushed with heparinized saline (50 USP units of 

heparin/mL of .9% saline) and capped. The catheter was placed underneath a gauze pad 

near the initial incision and secured with elastic bandage. Progesterone was measured in 

plasma from each sample to provide an indication of where uteroovarian blood mixes with 

vena caval blood. On d 14, vena caval catheters were positioned at the marked distance 

where progesterone concentrations were the greatest and tied into the wool. After 

surgery on d 13, ewes received an im. injection of antibiotic (Combiotic) and were placed 

in indoor pens (1 to 3 ewes/pen), where they remained throughout the experimental 

period. To prevent damage to the catheters, the ewes were kept haltered and tied; the 

lead on the halters was long enough to allow the ewes to stand or lie down as they chose. 

Ewes were fed a mixture of ground com and chopped hay twice daily, and they were 

given free access to fresh water. 

Blood sampling 

Jugular, vena caval, and uteroovarian venous blood samples were collected during 

two daily (0700 to 0900 and 1800 to 2000) sampling periods from d 14 to 48 h after 

sponge removal in control and MPA-treated ewes. During each sampling period, jugular, 

vena caval, and uteroovarian venous blood samples (12 mL) were collected at 30-min 

intervals. A total of five samples were collected from each site during each sampling 

period. At each sampling time, uteroovarian blood was collected first, then vena caval, 

and then jugular blood. Heparinized saline (5 mL containing 10 USP units of heparin/mL) 

were used to flush the catheters after each collection, and 5 mL of 50 USP units of 

heparin/mL of saline were used to flush the catheters at the end of each 2-h collection 

period. If a sample could not be collected from the vena cava, a new catheter was inserted 
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during the sampling period. The ewes were anesthetized with sodium pentobarbitol, the 

bandage, sutures, and catheter were removed, and a new catheter was inserted and placed 

in the same position as the previous catheter. If a uteroovarian venous catheter was not 

patent, it was flushed several times with heparinized saline (10 USP units/mL) in an 

attempt to restore patency. Ifa sample was not collected, that information was recorded. 

If samples were not collected from a given site in two to three consecutive sampling 

periods, the ewe was removed from the experiment. 

Blood processing 

Blood samples from the jugular vein and vena cava were collected with 12 cc 

syringes. To decrease stress on the vein, either a 6 or 3 cc syringe was used to collect 

blood from the uteroovarian venous catheter. Samples were transferred into chilled 

borosilicate glass tubes (Fisher Scientific, Pittsburgh, PA) containing 150 USP units of 

heparin in 25 wL of .9% sterile saline. Samples were kept on ice until the end of the 

collection period. Hematocrit was measured at the end of each collection period, using 

blood from the first jugular sample taken from each ewe. The hematocrit was measured to 

determine the effect of multiple blood collections on the ratio of red blood cells to plasma, 

because a possible dilution or hemoconcentration effect may be reflected in the 

concentration of plasma hormones. Thereafter, blood samples were centrifuged at 2,500 x 

g at 5°C for 20 to 25 min. Plasma was decanted into and stored in polypropylene tubes 

(Starsted, Princeton, NJ) at -20°C. After the completion of Exp. 1, samples were thawed 

and equal aliquots (1 mL) of the plasma samples collected during each sampling period 

were combined according to sample site. Fortin and Lewis (unpublished results) found 

that progesterone concentration in a composite sample was the same as the average 

concentration calculated for the same samples, which were collected at various time and 
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assayed separately. The composite samples were stored at -20°C until progesterone, 

PGF,a, and PGFM were quantified. 

Experiment 2 

As reported by Fortin et al. (1994), luteolysis was complete by d 17 in control 

and MPA-treated ewes, but no increase in PGF, or PGFM was detected in vena caval 

samples collected between d 14 and 23 in the MPA-treated ewes. However, there might 

have been an increase in PGF,a before d 14. Therefore, in this experiment, the question 

was asked: Does PGF,o increase in vena caval plasma from MPA-treated ewes before d 

14? Asin Exp. 1, blank (n = 8) and MPA-containing (n = 9) pessaries were inserted into 

intact ewes on d 7 of the estrous cycle. The vena cava was catheterized on d 9, and the 

catheter was positioned on d 10. The ewes were haltered and tied in indoor pens 

following surgery, and they were fed and watered as in Exp. 1. Pessaries were removed 

on d 16 from control and d 18 from MPA-treated ewes. 

Blood sampling 

Jugular and vena caval blood samples were collected during two daily (0500 to 

0700 and 1800 to 2000) sampling periods from d 10 until 24 h after estrus (ie., d 18 to 20 

for controls and d 20 to 22 for MPA-treated ewes). During each sampling period, jugular 

and vena caval blood samples (12 mL) were collected at 30-min intervals. A total of five 

samples were collected from each site during each sampling period. At each sampling 

time, vena caval blood was collected first. Heparinized saline (5 mL contaming 10 USP 
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units of heparin/mL) were used to flush catheters after each collection, and 5 mL of saline 

containing 50 USP units of heparin/mL were used to fill the catheters at the end of each 

collection period. As in Exp. 1, if the vena caval catheter was not patent, a new catheter 

was inserted during the collection period and placed at the same position as the previous 

catheter. 

Blood processing 

At each collection time, 12 mL of blood were drawn from the jugular and vena caval 

catheters using a 12 cc syringe. Half of each sample was transferred into chilled 

borosilicate glass tubes containing 150 USP units of heparin in 25 uL of .9% sterile saline 

and half into tubes without heparin. The heparinized samples were kept on ice until the 

end of the collection period, and the other samples were allowed to clot at room 

temperature to produce serum. Hematocrit was measured at the end of each collection 

period, using blood (heparinized) from the first jugular sample taken from each ewe. 

Thereafter, the heparinized blood samples were centrifuged at 2,500 x g at 5°C for 20 to 

25 min. Plasma was decanted into and stored in polypropylene tubes at -20°C. The 

samples for serum were held at 5°C until the end of the next collection period (~16 h). At 

this time, the samples were centrifuged, and serum was harvested and stored in 

polypropylene tubes at -20°C. After the completion of Exp. 2, samples were thawed, and 

equal aliquots (1 mL) of the plasma and serum samples collected during each sampling 

period were combined according to type of sample and sampling site. The composite 

samples were stored at -20°C until progesterone and estrogens were quantified in serum 

and PGF,a and PGFM were quantified in plasma. 
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Experiment 3 

This experiment was conducted to answer the question: Does MPA enhance luteal 

sensitivity to PGF,a? On d 6 of the estrous cycle, blank (control; n = 17) and MPA- 

containing (n = 16) pessaries were inserted into intact ewes, a 6 mL blood sample was 

collected by venipuncture, and serum was harvested as described in Exp. 2. In a study by 

Silvia and Niswender (1984), an im. injection on d 13 of 4 mg of PGF 70/58 kg of body 

weight was the minimum dose required to significantly reduce progesterone 

concentrations in nonpregnant ewes. Thus, this was the dose used to determine luteal 

sensitivity in Exp. 3. Control and MPA-treated ewes were assigned randomly to receive 

Lutalyse® (4mg PGF,« /S58kg, im.; courtesy of J. R. Chenault at the Upjohn Co., 

Kalamazoo, MI) on d 8 or 12 of the estrous cycle. Also, two groups of ewes that were 

not treated with MPA or PGF,c were included for d 8 and 12. Thus, there were six 

experimental groups: 1) MPA pessaries inserted on d 6 and PGF,« injected on d 8 (n = 8), 

2) MPA pessaries inserted on d 6 and PGF, injected on d 12 (n = 8), 3) blank pessaries 

inserted on d 6 and PGF,a injected on d 8 (n = 8), 4) blank pessaries inserted on d 6 and 

PGF, injected on d 12 (n = 9), 5) no MPA or PGF, and assigned to a d 8 group (n = 

4), and 6) no MPA or PGF. and assigned to a d 12 group (n = 4). Ovaries were 

removed and the CL were collected 48 h after PGF,o or on d 10 and 14 for the untreated 

ewes. Ewes were weighed (range, 58.5 to 100.8 kg) and placed in indoor pens 1 to 2 d 

before sample collection. A mixture of ground corm and chopped hay was fed twice daily, 

and water was available ad libitum. 
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Sample collection 

Blood samples were collected by jugular venipuncture from treated and untreated 

ewes at the time of sponge insertion and at -24, -12, 0, 4, 8, 12, 24, 36, and 48 h relative 

to the time that PGF,a was injected (time 0). Blood samples (6 mL) were drawn, 

transferred into test tubes, and allowed to clot. Samples were stored at 5 °C for 9 to 16h, 

and then centrifuged at 2,500 x g at 5 °C for 15 mm. Serum samples were decanted into 

and stored in polypropylene tubes at -20°C until progesterone and estrogens were 

quantified. 

For ovariectomy, ewes were anesthetized with iv. injections of sodium 

pentobarbital (65 mg/mL of .9% sterile saline) and prepared for aseptic surgery. The 

uterus and ovaries were exposed through a midventral laparotomy. Blood vessels leading 

to and from the ovaries were clamped and ligated. The ovaries were removed and placed 

in labeled trays (ewe number and location of ovary). After removal of the ovaries, 

laparotomies were sutured closed, and ewes were allowed to recover in the indoor pens 

before they were returned to pasture. After approximately 10 to 20 min, the CL were 

removed from the ovaries and weighed. Before weighing, extrastromal tissue was 

removed, and the CL was blotted dry; this was done quickly before too much dehydration 

occurred. The weight and number of CL on each ovary were recorded. 
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HORMONE ASSAYS 

Progesterone 

Jugular, vena caval, and uteroovarian plasma and serum concentrations of 

progesterone were quantified with a RIA (Gegenbach et al., 1977). Fortin et al. (1994) 

determined that 1ug of MPA cross-reacted less than .4% with the progesterone antiserum 

(equine serum, courtesy of W. Hansel). The intraassay and interassay CV for Exp. 1 and 

2 were 10.2% and 34.9%, respectively. For Exp. 3, the intraassay CV was 18.9%, and the 

interassay was CV 24.6%. Radioimmunoassay kits (Diagnostic Products, Los Angeles, 

CA) were used to determine progesterone concentrations for vena caval catheter 

placement. 

Estrogens 

The concentrations of estrogens in jugular and vena caval serum samples were 

determined with a RIA in which estradiol-178 and estrone crossreact with the estrogen 

antiserum 100 and 87%, respectively (Guthrie and Bolt, 1983; antiserum, courtesy of D. J. 

Bolt). For Exp. 2, there were two different pools of high and low concentration quality- 

control samples; thus, the intraassay and interassay CV for the first group of assays (n=30) 

were 13.5 and 12.6%, and for the second group were 13.7 and 20.3% (n=12), 

respectively. In Exp. 3, the imtraassay and interassay CV were 13.3 and 21.9%, 

respectively. 

13, 14-dihydro-15-keto-prostaglandin Fa and Prostaglandin Foo 

Jugular, vena caval, and uteroovarian plasma concentrations of PGFM and PGFja 

were quantified with enzymeimmunoassays (EIA; Del Vecchio et al., 1992). All critical 
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reagents were purchased from Cayman Chemical (Ann Arbor, MI). The intraassay and 

interassay CV for PGFM in Exp. 1 was 6.3 and 47.4%, and for Exp. 2, 8.7 and 29.5%, 

respectively. The EIA protocol for PGFM was modified (Fortin et al., 1994) to determine 

PGF» concentrations. In Exp. 1, the mtraassay CV for PGF,a was 5.4% and the 

interassay was 32.5%, and, in Exp. 2, the intraassay and interassay CV for were 11.3% 

and 44.9%, respectively. 
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STATISTICAL ANALYSIS 

Experiments 1 and 2 

The data obtained from Exp. 1 and 2, were classified into four periods: control 

before and after luteolysis, and MPA before and after luteolysis. Comparisons were made 

among periods for each sampling site and between sampling sites within each period to 

determine the effect of treatment and sampling site on hormone concentrations. In 

addition, the data from the MPA-treated group were divided into before and after sponge 

removal. The sponges were removed from the MPA-treated ewes on d 18, but for the 

statistical analysis d 18.5 was used as the time of removal, because MPA might not have 

been cleared from the circulation before d 18.5 The day of luteolysis (i.e., the day when 

progesterone was < 1 ng/mL) was determimed and defined for each ewe in the 

experiments. In Exp. 1, there was no evidence that the CL m seven ewes regressed, so the 

data for those ewes were eliminated from the analyses. 

Initially, the General Linear Models (GLM) procedures of the Statistical Analysis 

System (SAS, 1985) were used to determine whether there was a significant effect of 

treatment (TRT), time, and a treatment x time interaction on the average hormone 

concentrations for each sampling site (SITE). The following statements were used: 

PROC SORT: BY SITE; 

PROC GLM: BY SITE; CLASSES EWE TRT TIME; 

MODEL HORMONE=TRT EWE (TRT) TIME TRT*TIME; 

The ewe (TRT) term was the error term for the main plot, and Type IL sums of 

squares were used to calculate F-values. The GLM procedures were also used to 

determine the effect of treatment on the day of luteolysis. 
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Comparisons of the profiles between sampling sites within and between periods 

were made. The following statements were used to obtain the combined overall shape of 

the curve for two groups bemg compared, where T=time; T2=T2; T3=T3; T4=T4: 

PROC SORT:BY SITE: 

PROC GLM:BY SITE;CLASSES PERIOD EWE; 

MODEL HORMONE=PERIOD EWE (PERIOD) T1 T2 T3 T4 / SOLUTION; 

The overall shape of the profiles for each hormone measured, within each location 

and period, was determined using the following statements for the partial model: 

PROC SORT:BY SITE PERIOD: 

PROC GLM:BY SITE PERIOD;CLASSES EWE; 

MODEL HORMONE=EWE T1 T2 T3 T4/ SOLUTION: 

The two models were used to determine whether the hormone profiles from the sampling 

sites being compared differed between or within a period. Calculations were performed to 

determine whether the residual variance from the overall model was equal to the combined 

residual variances (partial model) of the two groups being compared. 

The following table summarizes the calculations: 
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Table 1. Example of calculations for profile comparisons: uteroovarian profile comparison 

for progesterone between control and MPA-treated ewes before luteolysis 

  

  

Error df@ SSE@ MSE F-test 

Overall (1band 2°) 40 185.709 

Uteroovarian 1 19 81.321 

Uteroovarian 2 +19 +99,353 

Sum : I and 2 38° 180.674 (180.67/38) = 4.76 

Difference : (40-38) = 2 (185.7-180.7) =5.03 (5.035/2) = 2.52 

Fo 3g = 0.5294 

  

4 df = Degrees of freedom; SSE = Sums of squares for error, MSE = Mean square for 

error. 
b 1 = Control ewes before luteolysis. 

© 2 = MPA-treated ewes before luteolysis. 

d Not significant. 

The overall estimate of variance (SE) was calculated using the standard deviation 

(SD) from the overall models for each hormone at each site using the following equation: 

SE = SD / square root of n-1. 

The hypothesis of equality between means for all sampling locations within and 

between periods was tested with the LSMEANS/PDIFF statement. Lastly, the PROC 

STEPWISE procedure (including forward selection and backward elimination) was used. 

This procedure aids in model searching and measuring goodness-of-fit (Sall, 1981). The 

models developed from this procedure do not indicate cause and effect, rather they 

describe relationships among variables. The resulting models, using all hormones 

(progesterone [P4], estrogens [E], PGFM, and PGF ja [PGF]) as dependent and 

independent variables, were used to create flow charts indicating associations between the 
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hormone concentrations at each sampling site (jugular [J], vena cava [VC], and 

uteroovarian [U]) for each period. The following is an example of the model statements 

used: 

PROC SORT; BY PERIOD; 

PROC STEPWISE; BY PERIOD; 

MODEL JPGFM VCPGFM UPGFM=JP4 VCP4 UP4 JPGF VCPGF UPGF/ FORWARD 

BACKWARD STEPWISE; 

In this model, PGFM for each sampling site is the dependent variable. To clarify, 

progesterone and PGF,a are the independent variables that may "regulate" PGFM. 

Progesterone may "regulate" uterine production of PGF,a, and the resulting release of 

PGF, should be reflected in the concentration of PGFM, the stable metabolite of PGF,a 
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Experiment 3 

The initial blood sample taken on the day of pessary msertion was not used in the 

analysis, because this sample was taken to determine if a functional CL was present at the 

time of pessary insertion. The average CL weight for each ewe was used in the analysis, 

because the number of CL for each ewe varied between 1 and 2. The data were analyzed 

as a 2 x 3 factorial, although the untreated control groups had fewer ewes than the MPA- 

treated and control groups. The dependent variables in this analysis were CL weight and 

progesterone concentrations. 

The procedures used to analyze these data were identical to those in Exp. 1 and 2. 

The GLM procedures were used to determine the effect of treatment (MPA, control, and 

untreated), day (d 8 or 12), and the treatment x day interaction on progesterone and CL 

weight. There was no significant effect of estrogens when it was included in the model as 

a covariant. The progesterone and estrogens profiles were compared according to the 

SAS procedures and calculations described in Exp. 1 and 2. The hypothesis of equality 

between means for all sampling locations within and between periods was tested with the 

LSMEANS/PDIFF statement. 
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RESULTS 

Experiment 1 

In Exp. 1, 33 ewes were used. However, the uteroovarian vem catheters of only 19 

ewes remained patent after surgery. One ewe was eliminated because she had a Syncro- 

Mate-B implant at the beginning of the experiment. The uteroovarian vein catheters in 

four ewes failed before the end of the sampling period, and sampling was discontinued. In 

almost all of the remaining 14 ewes, which had enough samples to be included in the 

experiment, there were problems with the uteroovarian vein catheters (slow or no blood 

flow at times). Two of the 14 ewes (one control and one MPA-treated ewe) showed 

signs of estrus when checked with vasectomized rams, and data from both were included 

in the analyses. The progesterone concentrations in either two or all of the sampling sites 

in six ewes did not decrease to < 1 ng/mL, and one ewe had low and unchanging 

progesterone concentrations in the jugular and uteroovarian samples; so, their data were 

not used. Seven ewes (control, n = 4; MPA, n = 3) had evidence of luteolysis, so their 

data were used in the analyses. 

Results from comparisons of average concentrations of progesterone, PGF7a, and 

PGFM between control and MPA-treated ewes and sampling sites before and after 

luteolysis are presented in Tables 2 and 3 and Figures 6, 7, and 8. Treatment did not 

affect the time to the first day of luteolysis (jugular progesterone < 1 ng/mL), which 

averaged 17.1 + .1 d after estrus. Treatment with MPA did not affect progesterone 

concentrations at any sampling site (Table 2; Figure 6). As expected, progesterone 

concentrations in both treatment groups were greater (P < .0001) before luteolysis than 

after, regardless of sampling site (Table 3). In both treatment groups before luteolysis, the 

average concentrations of vena caval progesterone were greater than those in uteroovarian 

(P < .024) and jugular (P < .0001) blood; concentrations were least in jugular blood. 
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Profiles among sampling sites were not affected by treatment. However, after luteolysis, 

jugular profiles differed from uteroovarian and vena caval profiles in control (P < .05 and 

P< .005, respectively) and MPA-treated ewes (P < .001; Table 4). 

Progesterone profiles and concentrations normalized so that d 0 represents sponge 

removal (d 18.5) in MPA-treated ewes are shown in Table 5 and Figure 9. Progesterone 

concentrations were greater before sponge removal than after (jugular, P < .08; vena caval 

and uteroovarian, P < .05). Concentrations of progesterone differed among all sampling 

sites before sponge removal (P < .002), and after sponge removal vena caval progesterone 

concentrations differed from those in jugular (P < .001) and uteroovarian (P < .003) 

blood. 

Treatment with MPA reduced the average concentration of uteroovarian PGF,a 

before (P < .04) and after (P < .0001) luteolysis. The average concentrations of 

uteroovarian PGF,a in the MPA-treated ewes were less than for control ewes before 

(79.9 vs 103.3 pg/mL, respectively) and after (75.4 vs 189.4 pg/mL, respectively) 

luteolysis (Table 2; Figure 7). Furthermore, in the control ewes, uteroovarian and vena 

caval concentrations of PGF,a were greater (P < .05) after luteolysis than before. 

Uteroovarian and vena caval PGF,« concentrations in the MPA-treated ewes did not 

change between before and after luteolysis (Table 3). Prostaglandin F,a profiles were not 

affected by treatment. In the control ewes, uteroovarian PGF,a concentrations reached 

247 pg/mL before luteolysis, and 295 and 230 pg/mL on d 1 and 2, respectively, after 

luteolysis. Whereas, uteroovarian concentrations in the MPA-treated ewes stayed less 

than 40 or 80 pg/mL most of the time, except on d -1 before luteolysis and d 2 and 3.5 

after luteolysis, when concentraions reached 111, 196, and 142 pg/mL, respectively. Vena 

caval profiles reflected uteroovarian profiles, but at reduced concentrations in the control 

ewes (Figure 7). 
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In control ewes, uteroovarian concentrations of PGF,a were greater than those in 

jugular (P < .05) and vena caval blood (P < .07) before luteolysis. After luteolysis, all 

sampling sites differed (P < .04); again, uteroovarian concentrations were greatest. 

Sampling site did not affect PGF,a concentrations in the MPA-treated ewes (Table 3; 

Figure 7). Uteroovarian and jugular profiles differed (P < .05) after luteolysis in the 

control ewes (Table 4). 

Prostaglandin F,« profiles and concentrations normalized to the time of sponge 

removal (d 18.5; time = 0) in MPA-treated ewes are presented in Table 5 and Figure 9. 

Uteroovarian and vena caval concentrations of PGF,« were greater (P < .05) after sponge 

removal (i.e., removal of MPA) than before sponge removal. Jugular PGF, 

concentrations differed (P < .003) from vena caval and uteroovarian concentrations before 

sponge removal, and jugular and vena caval concentrations differed (P < .05) after sponge 

removal. 

After luteolysis, treatment with MPA reduced (P < .0001) the average concentration 

of uteroovarian PGFM. Concentrations of PGFM in control ewes were greater (696.1 

pg/mL) than those in MPA-treated ewes (345.1 pg/mL; Table 2; Figure 8). Additionally, 

uteroovarian PGFM concentrations were greater (P < .0001) after luteolysis than before in 

the control ewes. Uteroovarian concentrations in the MPA-treated ewes were almost 

identical before and after luteolysis (Table 3). In both treatment groups, before and after 

luteolysis, vena caval concentrations of PGFM were less (P < .05) than those in jugular 

and uteroovarian blood. After luteolysis, in the control ewes, jugular and uteroovarian 

PGFM concentrations differed (P < .002). Sampling site did not affect PGFM before vs 

after sponge removal in the MPA-treated ewes. However, all sampling sites differed from 

each other before and after sponge removal (P < .004). There were no differences in 

PGFM profiles (Table 5). 

52



To portray the relationships among progesterone, PGFya, and PGFM for each 

sampling site before and after luteolysis, flow charts were developed from the results of 

the PROC STEPWISE analyses. The relationships are presented in Figures 10 and 11 for 

the control ewes, and Figures 12 and 13 for the MPA-treated ewes. The figures do not 

depict cause and effect relationships; they depict associations among compounds. In 

control ewes before luteolysis, jugular and uteroovarian progesterone accounted for 

significant amounts of the variation in uteroovarian PGF,a. Jugular progesterone 

explained significant variation in vena caval PGF,«. Furthermore, jugular, vena caval, and 

uteroovarian progesterone accounted for significant amounts of variation in jugular PGF> 

a. Uteroovarian PGFM explained a significant amount of the variation in uteroovarian 

progesterone, and uteroovarian progesterone affected the variation in jugular PGFM 

(Figure 10). After luteolysis, jugular and uteroovarian progesterone accounted for a 

significant amount of the variation in uteroovarian PGFj0. Vena caval progesterone 

accounted for significant variation in vena caval PGF7a. Jugular, vena caval, and 

uteroovarian progesterone signficantly affected uteroovarian PGFM. Lastly, jugular and 

vena caval progesterone explained significant variation in vena caval PGFM (Figure 11). 

Before and after luteolysis in the control ewes, the circulating concentrations of 

progesterone are closely related to concentrations of PGF,a. 

The flow charts for the relationships in the MPA-treated ewes are less complex. 

Before luteolysis, vena caval progesterone and vena caval PGF a accounted for 

significant amounts of the variation in each other. Uteroovarian progesterone also 

explained part of the variation in vena caval PGF7a (Figure 12). After luteolysis, vena 

caval progesterone accounted for the greatest amount of the variation in jugular PGFM 

(Figure 13). 
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Table 2. Comparison of least squares means between control and MPA-treated ewes for 
hormones measured before or after luteolysis in Experiment 1 

    

  

Before After 

Hormone measured Control MPA SE@ Control MPA SE 

Progesterone, ng/mL 

Jugularb 1.8 1.9 4 2 2 05 
Vena cava 5.6 6.6 1.0 7 5 3 

Uteroovarian 4.0 4.8 9 9 3 3 

PGF a, pg/mL 
Jugular® 50.9 78.3 12.6 65.6 86.9 12.1 

Vena cava 53.2 37.1 24.8 119.2 79.6 42.3 

Uteroovarianbde 103.3f 79.98 47.6  189.4h 75.41 46.0 

PGFM, pg/mL 

Jugular 386.8 373.8 98.2 454.6 417.7 99.0 

Vena cava 172.8 183.1 35.9 271.5 184.2. 82.5 

Uteroovarian®* 402.3 353.8 74.0 696. yh 345.11 146.8 

  

4 Overall estimate of variance. 
b Main effect of time before luteolysis (P < .05). 

© Main effect of time after luteolysis (P < .05). 

d Treatment x time interaction before luteolysis (P < .05). 

© Treatment x time interaction after luteolysis (P < .05). 
£8 Values within a row for before luteolysis with different superscripts differ (P < .05). 

b,1 Values within a row for after luteolysis with different superscripts differ (P < .05). 
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Table 3. Least squares means for hormones measured in jugular, vena caval, and 

uteroovarian plasma in control and MPA-treated ewes before and after luteolysis in 

  

  

    

  

Experiment 1 

Treatment 

Control MPA 

Hormone measured Before After SE Before After SE 

Progesterone, ng/mL 

Jugular 1.8a€ at 3 1.988 2h 5 
Vena cava 5 6be a 1.2 6.6bg 5h 1.0 

Uteroovarian 4.9ce of 1.0 4.8°8 3h 1.1 

PGFa, pg/mL 

Jugular 50.9ad 65.64 12.5 78.3 86.9 26.1 
Vena cava 53.2abe §=—s 4 19.2bf §=— 64.7 37.1 79.6 41.1 
Uteroovarian 103.30de go 4cef 936.5 79.9 75.4 49.5 

PGFM, pg/mL 

Jugular 386.84 454.64 163.3 373.84 417.78 135.7 
Vena cava 172.86 271.55 110.1 183.15  184.2b 84.3 
Uteroovarian 402.3a¢ 696.1°f 220.2 353.84 345.14 106.7 

  

a,b,¢ Values within a column for each hormone with different superscripts differ (P < .05). 
d Values within a column differ (P<.07). 

e,f Values within a row for control ewes with different superscripts differ (P < .05). 
£;h Values within a row for control ewes with different superscripts differ (P < .05). 
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Table 4. Difference between jugular, vena caval, and uteroovarian profiles within control 

and MPA-treated ewes before and after luteolysis in Experiment 1 

  

    

  

Treatment 

Control MPA 

Hormone measured Before After Before After 

Progesterone, ng/mL 

Jugular a a a a 
Vena cava a b a b 

Uteroovarian a b a b 

PGF >a, pg/mL 

Jugular a a a a 

Vena cava a ab a a 

Uteroovarian a b a a 

PGFM, pg/mL 

Jugular a a a a 

Vena cava a a a a 

Uteroovarian a a a a 

  

a,b Profiles within a column for each hormone with different letters differ (P < .05). 
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Table 5. Least squares means and overall estimates of variance (SE) for concentrations of 

hormones measured before and after sponge removal in MPA-treated ewes in Experiment 

  

  

1 

Hormone measured Before After SE 

Progesterone, ng/mL 

Jugular 1.4ad ed 5 

Vena cava 5,3a€ 2,.4be 1.4 
Uteroovarian 3, af 5bd 8 

PGFa, pg/mL 
Jugular 96.0ad 111.9ad 21.2 
Vena cava 50.62e 77. ge 25.8 
Uteroovarian 54,6a¢ 97,2bde 33.7 

PGFM, pg/mL 
Jugular 426.84 456.44 97.1 
Vena cava 175.1 164.5¢ 56.8 

Uteroovarian 312.1f 324.5f 66.4 

  

a,b Values within a row with different subscripts differ (P < .05). 

4,° Values within a row differ (P < .08). 
d,e,f Values within a column for each hormone with different subscripts differ (P < .05). 
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Figure 6. (A) Jugular (B), vena caval, and (C) uteroovarian concentrations of 

progesterone in control (n = 4) and MPA-treated ewes (n = 3). Treatment with MPA did 

not affect progesterone concentrations at any sampling site or the time to the first day of 

luteolysis (17.1 + .1 d). Vena caval concentrations were greater (P < .05) than those in 
uteroovarian and jugular blood before luteolysis in both treatment groups. In control 

ewes, jugular profiles differed from vena caval and uteroovarian profiles after luteolysis. 
Vena caval and uteroovarian profiles did not differ. See Tables 2 and 3 for overall SE for 

before and after luteolysis for each location. 
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Days from luteolysis 

Figure 7. (A) Jugular (B), vena caval, and (C) uteroovarian concentrations of PGF 

a in control (n = 4) and MPA-treated ewes (n = 3). Treatment with MPA reduced 

uteroovarian PGF, before (P < .04) and after (P < .0001) luteolysis. Uteroovarian and 

vena caval PGF,c im controls were less (P < .05) before luteolysis than after. In control 
ewes, uteroovarian concentrations were greater (P < .05) than those for vena caval 

(before; P < .07) and jugular blood before and after luteolysis; jugular PGF,a was least. 

In control ewes, jugular profiles differed from uteroovarian profiles after luteolysis. Vena 

caval and uteroovarian profiles did not differ. See Tables 2 and 3 for overall SE for before 

and after luteolysis for each location. 
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Figure 8. (A) Jugular (B), vena caval, and (C) uteroovarian concentrations of 
PGFM in control (n = 4) and MPA-treated ewes (n = 3). Treatment with MPA reduced 

(P < .0001) uteroovarian PGFM after luteolysis. In control ewes, uteroovarian PGFM 

was less (P < .05) before luteolysis than after. In both treatment groups, before and after 

luteolysis, vena caval concentrations were least. Uteroovarian PGFM was greatest in 

control ewes after luteolysis. Profiles did not differ. See Tables 2 and 3 for overall SE for 

before and after luteolysis for each location. 
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Figure 9. Jugular, vena caval, and uteroovarian concentrations of (A) progesterone 

and vena caval and uteroovarian concentrations of (B) PGF, in MPA-treated ewes (n = 
3) before and after sponge removal (time 0 = d 18.5). Before sponge removal, all 

sampling sites for progesterone differed (P < .002). As expected, progesterone 

concentrations were greater (P < .05) before sponge removal than after for all sampling 

sites (jugular, P< .08). Vena caval (P < .08), and uteroovarian (P < .05) PGF,a were less 

before sponge removal than after (Table 5). 
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Figure 10. Relationships among jugular (J), vena caval (VC), and uteroovarian (U) 

progesterone (P4), PGF7a (PGF), and PGFM in control ewes before luteolysis. The 
PROC STEPWISE procedure was used to obtain P-values. 
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Figure 11. Relationships among jugular (J), vena caval (VC), and uteroovarian (U) 

progesterone (P4), PGF7a (PGF), and PGFM in control ewes after luteolysis. The PROC 
STEPWISE procedure was used to obtain P-values. 
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Figure 12. Relationships among vena caval (VC) progesterone (P4) and PGF 7a 
(PGF) and uteroovarian (U) P4 in MPA-treated ewes before Iuteolysis. The PROC 

STEPWISE procedure was used to obtain P-values. 
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p < .005 

VCP4 > JPGFM   

Figure 13. Relationship between jugular (J) PGFM and vena caval (VC) 

progesterone (P4) in MPA-treated ewes after luteolysis. The PROC STEPWISE 
procedure was used to obtain P-values. 
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Experiment 2 

The MPA-containing pessaries did not alter the time from estrus to the first day of 

luteolysis. Based on progesterone concentrations, the first day of luteolysis (progesterone 

< 1 ng/mL) was on 16.1 + .1 d after estrus. The comparisons of the average 

concentrations of progesterone, PGF7a, PGFM, and estrogens between control and 

MPA-treated ewes and sampling sites, before and after luteolysis are presented in Tables 6 

and 7 and Figures 14, 15, 16, and 17. Treatment with MPA reduced the average 

concentration of vena caval (P < .0003) and jugular (P < .02) progesterone before 

luteolysis, but profiles did not differ with treatment (Table 6; Figure 14). As expected, 

progesterone concentrations were greater (P < .0001) before luteolysis than after in both 

treatment groups. Furthermore, before luteolysis, vena caval blood had greater (P < 

.0001) progesterone concentrations than jugular blood in both treatment groups. Jugular 

and vena caval profiles differed (P < .05) before and after luteolysis in control and MPA- 

treated ewes (Tables 7 and 9). 

Progesterone profiles and concentrations normalized to before and after sponge 

removal (d 18.5; time = 0) in MPA-treated ewes are shown in Table 8 and Figure 18. 

Vena caval progesterone concentrations were greater (P < .0001) before sponge removal 

than after. Additionally, vena caval concentrations were greater (P < .0001) than those in 

jugular blood before sponge removal, but profiles did not differ. 

After luteolysis, MPA reduced (P < .0001) the average concentration of vena caval 

PGF,a. Concentrations in MPA-treated ewes were less than for control ewes (99.4 vs 

200 pg/mL, respectively; Table 6; Figure 15). Profiles did not differ with treatment. As 

seen in Figure 15, vena caval PGF,c concentrations in control ewes increased to 390 

pg/mL at the time of luteolysis and decreased to approximately 100 pg/mL by d 3.5 after 

luteolysis. In the MPA-treated ewes, vena caval concentrations stayed less than 100 or 
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200 pg/mL most of the time, reaching 250 pg/mL once, around the time of luteolysis. 

Additionally, the average concentration of jugular PGF, was reduced (P < .0001) by 

treatment with MPA before and after luteolysis (Table 6). 

Before luteolysis, vena caval PGF,a was greater (P < .0001) than that in jugular 

blood in the MPA-treated ewes. Jugular and vena caval profiles differed (P < .05) before 

luteolysis in both treatment groups. Prostaglandm F,a profiles and concentrations 

normalized to before and after sponge removal (d 18.5) in MPA-treated ewes indicate that 

vena caval PGF, concentrations were greater (P < .02) before sponge removal than after. 

Also, PGF, in vena caval blood was greater (P < .0001) than that in jugular blood 

before sponge removal, but profiles did not differ (Table 8; Figure 18). 

After luteolysis, treatment with MPA reduced (P < .04) the average concentration of 

PGFM (MPA, 299.5 vs control, 445.7 pg/mL; Table 6; Figure 16). Vena caval PGFM 

was greater (P < .05) before luteolysis than after m the MPA-treated ewes (Table 7). 

Furthermore, jugular PGFM concentrations were reduced by MPA before (P < .008) and 

after (P < .05) luteolysis. Profiles were not affected by treatment. 

In the MPA-treated ewes, before luteolysis, vena caval concentrations of PGFM 

were greater (P < .0001) than jugular concentrations, and their profiles differed (P < .05; 

Table 9). Profiles and concentrations of PGFM normalized to time before and after 

sponge removal (d 18.5; time = 0) in MPA-treated ewes are shown in Table 8 and Figure 

18. Vena caval concentrations of PGFM before sponge removal were greater (P < .004) 

than concentrations after sponge removal. Also, PGFM in vena caval blood was greater 

(P < .0001) than that in jugular blood before sponge removal, but the profiles did not 

differ. 

Treatment with MPA increased the average concentration of vena caval estrogens 

before (P < .02) and after (P < .006) luteolysis, but MPA did not affect estrogen profiles 
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(Table 6; Figure 17). In both treatment groups, vena caval concentrations of estrogens 

were greater (P < .0001) than jugular estrogens before and after luteolysis, and their 

profiles differed (P < .05) before luteolysis in the control ewes (Tables 7 and 9). Vena 

caval concentrations were also greater (P < .0001) than jugular concentrations before and 

after sponge removal (d 18.5) m the MPA-treated ewes, but the profiles did not differ 

(Table 8). 

The relationships between jugular and vena caval progesterone, PGF 7a, PGFM, 

and estrogens in control and MPA-treated ewes are portrayed in Figures 19, 20, 21, and 

22. Flow charts were developed from the PROC STEPWISE analyses for before and after 

luteolysis for each treatment. In control ewes before luteolysis, jugular progesterone and 

estrogens accounted for a significant amount of the variation in vena caval PGF a, and in 

turn vena caval PGFya accounted for significant variation im jugular estrogens. Vena 

caval progesterone accounted for significant variation in jugular PGFM. Furthermore, 

vena caval estrogens accounted for significant variation in jugular and vena caval PGFM 

(Figure 19). After luteolysis, vena caval progesterone and vena caval PGF7a accounted 

for a significant amount of the variation in each other. Vena caval progesterone was 

associated with jugular concentrations of estrogens. Jugular estrogens, in turn, affected 

vena caval PGFM. ___Lastly, vena caval estrogens accounted for significant variation in 

jugular and vena caval PGFM (Figure 20). Thus, in the control ewes, the circulating 

concentrations of estrogens and progesterone seem to be directly related to concentrations 

of PGF,a and PGFM. 

In the MPA-treated ewes, before luteolysis, jugular progesterone accounted for 

significant variation in vena caval PGFM. Furthermore, jugular and vena caval 

progesterone accounted for part of the variation in vena caval estrogens. Vena caval 

PGFM and PGF,« also explained part of the variation in vena caval estrogens. In turn, 
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vena caval estrogens accounted for a significant part of the variation in jugular 

progesterone and vena caval PGFM (Figure 21). After luteolysis, vena caval estrogens 

were associated with jugular concentrations of PGFM (Figure 22). 
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Table 6. Comparison of least squares means between control and MPA-treated ewes for 

hormones measured before or after luteolysis in Experiment 2 
  

    

  

Before After 

Hormone measured Control MPA SE4 Control MPA SE 

Progesterone, ng/mL 

Jugularbe 2.2 1.88 2 2 2 05 
Vena cavabe 5 4f 4.58 6 4 6 2 

PGF a, pg/mL 

Jugular® 162.3£ 60.38 14.4 160.15 62.81 11.0 
Vena cavabd 157.0 128.6 31.8 200.0h 99.41 27.9 

PGFM, pg/mL 

Jugular 325.8f 197.18 49.4 349.7h = 215.91 = 39.9 
Vena cava> 367.6 402.7 55.3 445,7h 299,51 50.0 

Estrogens, pg/mL 

Jugular 30.4 13.0 5.6 23.8 15.6. 3.8 
Vena cava 136.7f 18438 33.6 125.08 = 197,91 36.1 

  

4 Overall estimates of variance. 

b Main effect of time before luteolysis (P < .05). 
© Main effect of time before luteolysis (P < .07). 
d Treatment x time interaction before luteolysis (P < .05). 

© Main effect of time after luteolysis (P < .05). 
£g Hormones within a row before luteolysis with different superscripts differ (P < .05). 

h,i Hormones within a row after luteolysis with different superscripts differ (P < .05). 

70



Table 7. Least squares means for hormones measured in jugular and vena cava plasma 

and serum before and after luteolysis in control and MPA-treated ewes in Experiment 2 

  

    

  

Treatment 

Control MPA 

Hormone measured Before After SE Before After SE 

Progesterone, ng/mL 

Jugular 2.2a¢ 2d 2 1.8a¢ af 06 
Vena cava 5,4be Ad 7 4,5be ot 9 

PGF a, pg/mL 

Jugular 162.3 160.1 10.7 60.34 62.8 3.8 

Vena cava 157.0 199.7 23.3 128.60 99.4 14.2 

PGFM, pg/mL 
Jugular 325.8 349.7 33.5 197,14 215.9 17.5 

Vena cava 367.6 445.7 30.9 402. 7be 299, 5f 26.5 

Estrogens, pg/mL 

Jugular 30.44 23.84 3.9 13.04 15.64 1.5 

Vena cava 136.76 125.00 14.0 184,36 197.96 272 

  

a,b Values within a column for each hormone with different superscripts differ (P < .05). 

c,d Values within a row for control ewes with different superscripts differ (P < .05). 
e,f Values within a row for MPA-treated ewes with different superscripts differ (P < .05). 
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Table 8. Least squares means and overall estimates of variance (SE) for concentrations of 

hormones measured before and after sponge removal in MPA-treated ewes in Experiment 

  

  

2 

Hormone measured Before After SE 

Progesterone, ng/mL 

Jugular 1.44 2 2 

Vena cava 9.6a¢ 70 7 

PGF a, pg/mL 
Jugular 61.64 60.6 11.0 
Vena cava 124.gae g5.4b 40.5 

PGFM, pg/mL 

Jugular 205.84 203.1 49.3 
Vena cava 400.74¢ 212,56 75.2 

Estrogens, pg/mL 

Jugular 13.64 15.84 4.4 
Vena cava 216.7° 229.0¢ 56.6 

  

a,b Values within a row with different superscripts differ (P < .05). 

d,¢ Values within a column for each hormone with different superscripts differ (P < .05). 
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Table 9. Difference between jugular and vena caval profiles within control and MPA- 

treated ewes before and after luteolysis in Experiment 2 
  

  

    

  

Treatment 

Control MPA 

Hormone measured Before After Before After 

Progesterone, ng/mL 

Jugular a a a a 

Vena cava b b b b 

PGF a, pg/mL 

Jugular a a a a 

Vena cava b a b a 

PGFM, pg/mL 

Jugular a a a a 

Vena cava a a b a 

Estrogens, pg/mL 

Jugular a a a a 

Vena cava b a a a 

  

a,b Within a column, profiles for each hormone with different superscripts differ (P < .05). 
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Figure 14. (A) Jugular and (B) vena caval concentrations of progesterone in control 

(n = 8) and MPA-treated ewes (n = 9). Before luteolysis, progesterone for control ewes 

was greater (jugular, P < .02; vena cava, P < .003) than for MPA-treated ewes. Time to 

the first day of luteolysis did not differ with treatment (16.1 + .1 d). Vena caval 

concentrations were greater (P < .05) than jugular before luteolysis in both treatment 

groups. Jugular and vena caval profiles differed in both treatment groups before and after 

juteolysis. For overall SE, see Tables 6 and 7 for before and after luteolysis for each 
location. 
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Figure 15. (A) Jugular and (B) vena caval concentrations of PGF>« in control (n = 

8) and MPA-treated ewes (n = 9). Treatment with MPA reduced (P < .0001) jugular 

PGF,a before and after luteolysis and vena caval PGF,a after luteolysis. Vena caval 

PGF,a was greater (P < .0001) than jugular PGF,a in the MPA-treated ewes before 

luteolysis. Jugular and vena caval profiles differed before luteolysis in both treatments 

groups. For overall SE, see Tables 6 and 7 for before and after luteolysis for each 
location. 
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Figure 16. (A) Jugular and (B) vena caval concentrations of PGFM in control (n = 

8) and MPA-treated ewes (n = 9). Treatment with MPA reduced jugular PGFM before (P 
< .008) and after (P < .05) luteolysis and vena caval PGFM after (P < .04) luteolysis. In 

the MPA-treated ewes, vena caval concentrations were greater (P < .0001) than those in 

jugular blood before luteolysis. Vena caval PGFM was greater (P < .05) before luteolysis 

than after in the MPA-treated ewes. Jugular and vena caval profiles differed in the MPA- 

treated ewes before luteolysis. For overall SE, see Tables 6 and 7 for before and after 

luteolysis for each location. 
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Figure 17. (A) Jugular and (B) vena caval concentrations of estrogens in control (n 

= 8) and MPA-treated ewes (n = 9). Treatment with MPA increased vena caval estrogens 
before (P < .02) and after (P < .006) luteolysis. Vena caval estrogens were greater (P < 

.05) than jugular estrogens for both treatment groups before and after luteolysis. Jugular 
and vena caval profiles differed before luteolysis in the control ewes. For overall SE, see 

Tables 6 and 7 for before and after luteolysis for each location. 
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Figure 18. Jugular and vena caval concentrations of (A) progesterone, (B) PGF,a, 

and (C) PGFM in MPA-treated ewes before and after sponge removal (n = 9; time 0 = d 
18.5). Vena caval progesterone was greater (P < .0001) than jugular before sponge 

removal and vena caval concentrations were greater (P < .0001) before sponge removal 
than after. Vena caval PGF,a and PGFM were greater (P < .0001) before sponge 

removal than after. Vena caval PGF,« and PGFM were greater (P < .0001) than jugular 

before sponge removal. For overall SE, see Table 8 for before and after sponge removal 

for each location. 
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Figure 19. Relationships among jugular (J) and vena caval (VC) progesterone (P4), 

PGF» (PGF), PGFM, and estrogens (E) in control ewes before luteolysis. The PROC 

STEPWISE procedure was used to obtain P-values. 
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Figure 20. Relationships among jugular (J) and vena caval (VC) PGFM and 

estrogens (E) and vena caval progesterone (P4) and PGF7a (PGF) in control ewes after 
luteolysis. The PROC STEPWISE procedure was used to obtain P-values. 
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Figure 21. Relationships among vena caval (VC) progesterone (P4), PGF 7a (PGF), 
PGFM, and estrogens (E) and jugular (J) P4 in MPA-treated ewes before luteolysis. The 
PROC STEPWISE procedure was used to obtain P-values. 
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VCE > JPGFM   

Figure 22. Relationship between jugular (J) PGFM and vena caval (VC) estrogens 
(E) in MPA-treated ewes after luteolysis. The PROC STEPWISE procedure was used to 

obtain P-values. 
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Experiment 3 

The average CL weights, progesterone, and estrogens concentrations are presented 

in Table 10. The SAS analysis indicated that CL weight was affected by treatment (P < 

.0001), treatment day (P < .0001), and their interaction (P < .0001). The weight of the 

CL differed (P < .001) among control, MPA-treated, and untreated ewes in the d-8 and - 

12 groups. The CL weights of the MPA-treated ewes were less (P < .0001) than those for 

the control and untreated ewes in the d-8 groups, and the CL from the control ewes 

weighed less than those from the untreated group (P < .0001). Similarly, in the d-12 

treatment groups, CL weights for the MPA-treated ewes were less than those for the 

control and untreated groups (P < .002 and P < .0001, respectively), and CL for the 

control and untreated groups differed (P < .0001). 

Progesterone concentrations were affected by treatment (P < .007) and day (P < 

.0001). There were no differences in the average concentrations of progesterone in the d- 

12 treatment groups. However, progesterone concentrations in the d-8 MPA-treatment 

group were less than those for the control and untreated ewes (P < .001 and P < .02, 

respectively). This pattern was also evident in the concentrations of estrogens for the d-8 

treatment groups; estrogens for the MPA-treated group were less than for the control and 

untreated groups (P < .0008 and P< .01, respectively). In the d-12 treatment groups, the 

average concentration of estrogens in the MPA-treated ewes differed (P < .004) from that 

in the control ewes, but not from the untreated ewes. 

The effect of treatment on the hormone profiles for the d-8 and -12 treatment 

groups are presented in Table 11, and Figures 23, 24, 25, and 26. The progesterone 

profiles for the d-8 groups differed with treatment; the control and MPA-treated groups 

differed from the untreated ewes (P < .001 and P < .025, respectively). 
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The following observations were made from visual examination of the profiles. 

Four hours after the administration of PGF7a0 on d 8, progesterone concentrations in the 

control ewes decreased to < 1 ng/mL, progesterone began to increase by 12 h, and it was 

> 1 ng/mL by 36 h. In the MPA-treated ewes, the concentrations of progesterone were 

less than the control and untreated groups throughout most of the experiment. The MPA- 

treated group responded similarly to PGF7a by 4h, but there was only a slight increase 

again by 48 h. There was no change in the progesterone concentrations of the untreated 

ewes; progesterone fluctuated around 1 ng/mL (Figure 23). The concentrations of 

progesterone in the control, MPA-treated, and untreated ewes did not differ in the d-12 

treatment group. However, progesterone decreased 4 h after administration of PGF7q in 

the control and MPA-treated groups and continued to decrease slowly until 48 h after 

PGF a (Figure 24). 
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Table 10. Least squares means for control, MPA-treated, and untreated ewes for each 

treatment day in Experiment 3 

Treatment4 Treatment day CL weightbc, mg Progesterone, ng/mL Estrogens®, 

  

p2/mL 

Control 8 550f 1.0f 168.1£ 
MPA 8 2548 78 68.58 
No TRT 8 709h 1.0f 195.6f 

Control 12 617£ 1.4 166.6 
MPA 12 5238 1.3 74.88 
No TRT 12 783) 1.5 115.45f2 

  

4 Control = no MPA and Lutalyse®; MPA = MPA and Lutalyse®; NO TRT = no MPA 

and no Lutalyse®. 

b Main effect of treatment (control and MPA), day, and treatment x treatment day 

interaction 

(P < .05). 
© Overall estimate of variance for treatment day (d 8 and 12) = .01. 
d Main effect of treatment and treatment day (P < .05). 

© Main effect of treatment (P < .05). 
£g,h Means within a column for each treatment day with different superscripts differ 

(P <.05). 
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Table 11. Differences among hormone profiles for control, MPA-treated, and untreated 

ewes within each treatment day in Experiment 3 

Treatment? Treatment Day Progesterone, ng/mL Estrogens, pg/mL 
  

Control 8 b b 

MPA 8 b b 
No TRT 8 c b 

Control 12 b b 

MPA 12 b b 
No TRT 12 b b 

  

4 Control = no MPA and Lutalyse®; MPA-treated = MPA and Lutalyse®; untreated = 

no MPA and no Lutalyse® 

b,c Profiles within a column for each treatment day with different superscripts differ 

(P <.05). 
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8) and MPA-treated (MPA and Lutalyse®; n = 8) ewes treated with PGF, (time = 0) on 

d 8, and untreated ewes (no MPA and no Lutalyse®; n = 4). Average progesterone 
concentrations for ewes treated with MPA were less than for control (P < .001) and 
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9) and MPA-treated (MPA and Lutalyse®; n = 8) ewes treated with PGF a (time = 0) on 

d 12, and untreated ewes (no MPA and no Lutalyse®; n = 4). Average progesterone 
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Figure 25. Estrogens concentrations from control (no MPA and Lutalyse®; n = 8) 

and MPA-treated (MPA and Lutalyse®; n = 8) ewes treated with PGF, (time = 0) on d 

8, and untreated ewes (no MPA and no Lutalyse®; n = 4). Average estrogens for ewes 

treated with MPA were less than for control (P < .0008) and untreated (P < .01) ewes. 

Overall SE = 10.6. 
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Figure 26. Estrogens concentrations from control (no MPA and Lutalyse®; n = 9) 

and MPA-treated (MPA and Lutalyse®; n = 8) ewes treated with PGF, (time = 0) on d 

12, and untreated ewes (no MPA and no Lutalyse®; n = 4). Average estrogens for 

control ewes were greater (P < .004) than for MPA-treated ewes. Overall SE = 10.3. 
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DISCUSSION 

Treatment with MPA reduced the concentrations of PGF70 and PGFM, but it did 

not affect the time of luteolysis. This effect of MPA on the time of luteolysis has been 

reported by others (Ginther, 1968b; Echtenkamp et al., 1976; Fairclough et al., 1983; 

Fortin et al., 1994). Thus, the question remains, how does MPA reduce uterine PGF7a, 

release without affecting the time of luteolysis? The MPA may reduce uterine PGF a 

release indirectly by decreasing enzyme activity and(or) substrate availability (via 

endometrial receptors), but it may also enhance luteal sensitivity; thus, complete luteolysis 

occurs although PGF 7a concentrations are reduced. Data from Exp. 3 seem to support 

the idea of enhanced luteal sensitivity to PGFya. Ewes treated with MPA and Lutalyse on 

8-d had smaller CL and less peripheral progesterone than ewes given Lutalyse® only 

(control). Also, progesterone concentrations for the MPA-treated ewes remained 

depressed after a sharp decrease in response to Lutalyse®. Whereas, progesterone in the 

control ewes decreased in response to Lutalyse® but then increased rapidly, within 8 h 

after Lutalyse®, to concentrations that were similar to those in untreated ewes (no MPA 

and no Lutalyse®). Luteal weights and progesterone concentrations seem to indicate that 

the CL in d-8 control ewes recovered from the Lutalyse® treatment. Overall, these 

results indicate that the MPA "primed" CL is more sensitive to PGFya. 

In Exp. 1, the effect of MPA on PGF7a and PGFM was evident in uteroovarian 

venous blood; the effect was less obvious in vena caval blood. This may indicate that 

PGF 2a and PGFM in vena caval blood was diluted, which made the uterine response to 

MPA more difficult to detect. In fact, uteroovarian concentrations of PGFoa were 

greater than vena caval or jugular concentrations. In control ewes, the average 

concentrations of vena caval and uteroovarian PGF a and uteroovarian PGFM were 

greater after the imitiation of luteolysis than before. This difference in PGF7a and PGFM 
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before and after the onset of luteolysis was not apparent in the MPA-treated ewes, 

emphasizing the suppressive effect of MPA treatment. As seen in Exp. 1, the release of 

PGF a was clearly suppressed in the MPA-treated ewes before sponge removal; after 

sponge removal, the inhibitory affect seems to be removed because the release of PGF 7a 

increased. The suppressive effect of MPA on PGF 70 and PGFM was evident in jugular 

and vena caval blood in Exp. 2, and these results are similar to those reported by Fortin et 

al. (1994). 

These experiments and others (Fairclough et al., 1983; Fortin et al., 1994) indicate 

that a decrease in progesterone concentrations is not obligatory for the release of uterine 

PGF ya. However, the decrease in progesterone during natural luteolysis may facilitate 

the increase in PGF a secretion. Although MPA reduced the secretion of PGF «a, it was 

still sufficient to cause luteolysis. This seems to indicate that during natural luteolysis 

PGF a may be released in excess of its minimum requirement, possibly due to the 

facilitation of the decreasing progesterone concentrations. 

The effect of MPA on uterine secretion of PGF ja may be via suppression of 

endometrial oxytocin receptors. Treatment with progesterone decreases endometrial 

oxytocin receptors (Lau et al, 1993). However, when progesterone treatment is 

withdrawn, there is a rapid increase in endometrial oxytocin receptors (McCracken et al., 

1984; Leavitt et al., 1985); thus, the inhibitory effect of progesterone was removed (Lau 

et al, 1993). Furthermore, when exogenous progesterone is administered during 

luteolysis, the synthesis of endometrial oxytocin receptors is partially inhibited (Sheldrick 

and Flint, 1985; Lau et al., 1993). And, MPA may have a similar effect. Treatment with 

MPA does not affect the release of oxytocin associated with luteolysis (Lamsa et al., 

1989), as indicated by the presence of its oxytocin neurophysin (Fairclough et al., 1983). 

Therefore, suppression of PGFya in ewes treated with MPA, in these experiments and 
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others (Fairclough et al., 1983; Fortin et al., 1994), may be due to the inhibition of 

endometrial oxytocin receptor synthesis. If endometrial oxytocin receptor concentrations 

were reduced luteal oxytocin would bind to fewer receptors, which would reduce enzyme 

activity and PGFy«a release. Therefore, the coimcident increase in oxytocin receptors that 

normally occurs with decreasing progesterone concentrations (Sheldrick and Flint, 1985) 

may be inhibited when MPA is present during luteolysis. 

Estradiol receptors are present in the endometrium and myometrium of sheep. 

Estradiol binds to endometrial and myometrial receptors and induces the synthesis of 

endometrial oxytocin receptors (McCracken et al., 1984). Treatment with progesterone 

inhibits estradiol receptor synthesis (McCracken et al., 1984); however, there is a rapid 

increase in nuclear estrogen receptors after the withdrawal of progesterone (McCracken et 

al., 1984; Leavitt et al., 1985). Vena caval concentrations of estrogens in MPA-treated 

ewes were greater than in controls in Exp. 2. These results are similar to those in a 

previous report and indicate that MPA influenced ovarian follicular development (Fortin et 

al., 1994) possibly by stimulating LH secretion. However, jugular concentrations of 

estrogens were less in MPA-treated ewes than in controls in Exp. 3. This is similar to a 

previous study, in which the administration of progestogen during luteolysis decreased the 

concentrations of estradiol (Echtenkamp et al., 1976). The difference in the effect of MPA 

between Exp. 2 and 3 may be due to sampling site (dilution effect) and sampling 

frequency. In Exp. 2 and 3, estrogens concentrations for all treatment groups were 

considerably greater than measured in other studies. In either situation, the concentration 

of estrogens, whether decreased or increased, might not have been sufficient to overcome 

the inhibitory effect of MPA (1.e., estrogens might not have been able to bind to a 

sufficient number of receptors to stimulate oxytocin receptor synthesis). 
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Because MPA also seemed to enhance luteal sensitivity in this study, the reduced 

concentrations of uterine PGF70 were sufficient to cause luteolysis. The smallest dose of 

PGF a (Lutalyse®; 4 mg/58 kg) that caused complete luteolysis when administered on d 

13 (Silvia and Niswender, 1984) was used to determme luteal sensitivity. The CL of the 

MPA-treated ewes seemed to be more sensitive to Lutalyse®; functional and structural 

luteolysis seemed to occur in the MPA-treated ewes because CL weights and 

progesterone concentrations were less than in control (no MPA) and untreated ewes (no 

MPA and no Lutalyse®). Also, the profiles indicated that progesterone remained 

depressed in the MPA-treated ewes. The CL weight of control ewes was also reduced, 

compared to untreated ewes; however, the average concentration of progesterone did not 

change (profiles indicate that progesterone concentrations increased after a sharp decrease 

following Lutalyse®). 

Treatment with MPA may enhance the binding affinity and(or) numbers of luteal 

PGF» receptors, and permit complete luteolysis after administration of Lutalyse®. 

Because the affinity and(or) numbers of receptors on the CL of control (no MPA) ewes 

might not have been as great, the “burst" of PGF (Lutalyse®) might have caused only a 

temporary decrease in progesterone production. Balapure et al. (1988) identified a class 

of high affinity PGF 70 receptors on the large luteal cells and low affinity PGF a receptors 

on the small luteal cells in sheep. The treatment with MPA may affect the binding affinity 

and(or) numbers of these PGF a receptors. Lamsa et al. (1989) suggested that the CL 

has differential sensitivity to PGF7a in terms of oxytocin and progesterone secretion. 

They demonstrated that small amounts of PGF2a stimulated the release of oxytocin, but 

only larger amounts of PGFya reduced luteal progesterone secretion. They also 

suggested that small amounts of PGF may regulate the release of oxytocin through high 

affinity receptors on the large luteal cells, and the reduction in progesterone may be 
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regulated by low affinity receptors on the small luteal cells through another independent 

mechanism. 

The results from the current experiments may contradict the results of Lamsa et al. 

(1989). Because minimal doses of PGF7a caused luteolysis in MPA-treated ewes, it 

seems that high affinity receptors may be imvolved in reducing progesterone 

concentrations, and not low affinity receptors. Furthermore, if PGF release is reduced 

via a reduction in oxytocin receptor synthesis, oxytocin released after PGF>a binds to 

high affinity receptors should not cause luteolysis, because the oxytocin would have 

limited access to endometrial receptors. Additionally, binding affinity of luteal receptors 

for PGF7a changes during the luteal phase of the estrous cycle; binding is low early in the 

luteal phase but increases 203-fold during the last days of the bovine estrous cycle (Rao et 

al., 1979). Thus, the increase in binding affinity late in the estrous cycle coincides with the 

time of luteolysis G.e., decreasing progesterone concentrations). The timing of the 

increased binding affinity may be advanced by MPA, allowing minimal concentrations of 

PGF a to cause luteolysis. However if the results reported by Lamsa are valid, then for 

the reduced concentrations of PGF 7a to cause luteolysis in MPA-treated ewes, MPA 

must greatly increase the numbers of low affinity receptors. In this scenario, local (luteal) 

concentrations of PGF 7a may play a significant role in facilitating luteolysis (Rexroad and 

Guthrie, 1979). 

When Lutalyse® was administered on 12-d, the CL of MPA-treated ewes were 

smallest. However, progesterone concentrations and profiles were not different from 

control and untreated ewes, because luteolysis seemed to have been initiated already. The 

CL might have been smaller in the MPA-treated ewes than the control and untreated 

because of differences in binding affinity and(or) numbers of luteal PGF 7a receptors. 

Measurement of luteal PGFa0 receptors in Exp. 3 to determine the effect of MPA on 
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receptor binding affinity and numbers would have been valuable, but it was beyond the 

scope of this study. 

A period of endogenous progesterone priming imcreases the endometrial lipid 

pools necessary for PGF synthesis (Brinsfield and Hawk, 1973). Thus, treatment with 

MPA, which is 20 times more potent than progesterone (Shelton and Robinson, 1967), 

may enhance the accumulation of lipid droplets. Also, exogenous PGF7a (Lutalyse®) 

stimulates uterme release of PGFya (Wade, 1994). Therefore, in Exp. 3, Lutalyse® 

administered on 8-d, probably caused the release of endogenous PGF7a, which played a 

role in initiating luteolysis. Because MPA increases luteal sensitivity to PGF0, PGF7a 

(Lutalyse® and uterine PGF7a) might have bound to luteal receptors and reduced 

progesterone production. Furthermore, luteal oxytocin might also have been released 

resulting in increased endometrial enzyme activity and thus PGFyq production. Because 

MPA might have increased lipid pools, substrate availability (i.e., arachidonic acid) might 

not have been a limiting factor. Thus, the loop between the ovary and uterus might have 

resulted in luteolysis. In the control ewes (no MPA) complete luteolysis might not have 

occurred because lipid pools were not adequate and luteal sensitivity to PGF 7a was not 

enhanced. 

Due to the rapid metabolism of PGF» to PGFM in the lungs (Ferreira and Vane, 

1967), jugular PGF qa is not a reliable indicator of uterine PGF7« release, as seen in this 

study and others (Fortin et al., 1994; Wade, 1994). Several studies have used jugular 

PGFM to represent uterine PGF70 (Fairclough et al., 1983; Flint and Sheldrick, 1983; 

Zhang et al, 1991). The correlation between values from these sampling sites is 

controversial. In the present study, jugular concentrations of PGFM were greater than 

those in the vena caval blood, a reflection of the metabolism of PGF 7a in the lungs to its 

more stable metabolite (Ferreira and Vane, 1967). Furthermore, uteroovarian 
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concentrations of PGFM were similar to or greater than those in the jugular blood in both 

treatment groups, as previously reported (Lewis et al., 1977). Indeed, the uterus has the 

necessary enzymes to metabolize PGFja to PGFM (Lewis, 1989). Due to a dilution 

effect, vena caval PGFM concentrations were less than uteroovarian concentrations. 

Therefore, jugular concentrations of PGFM represent PGF «a from several, probably all, 

tissues in the body, not just uterine, and PGFM from any tissue that is capable of 

metabolizing PGF2a. Thus, changes in uterine release of PGF2a cannot be accurately 

described from changes in PGFM in peripheral blood. 

The uteroovarian vein is the most appropriate sampling site for quantifying uterine 

and ovarian hormones. Collection of uteroovarian blood has been achieved through direct 

catheterization of the uteroovarian vein (Thorburn et al., 1972), catheterizing the jugular 

vein following autotransplantation of the uterus and ovary to the neck (Goding et al., 

1967a,b), and catheterization of the mammary vein following anastomosis to the 

uteroovarian vein (Thorburn and Mattner, 1971). These procedures are invasive, time 

consuming, and may cause the release of PGF7a during manipulations. Alternatively, 

vena caval blood, which contains blood from the uteroovarian vein (Del Campo and 

Ginther, 1973) can be used to measure uterine and ovarian hormone secretion (Benoit and 

Dailey, 1991; Fortin et al., 1994). In the present experiments, blood from the jugular, 

vena caval, and uteroovarian veins were compared. Jugular hormone concentrations and 

profiles consistently differed from those m the vena caval and uteroovarian blood. 

Uteroovarian and vena caval concentrations of progesterone, PGF7a, and PGFM differed, 

but the overall profiles did not, indicating that vena caval blood is sufficient for 

determining some aspects of uterine activity. In addition, uteroovarian catheterizations 

are often inefficient. In this experiment and others (Louis et al., 1977; Ottobre et al., 

1980; Vincent and Inskeep, 1986), lack of patency of the uteroovarian catheters and flow 
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rate of blood through the catheters were chronic problems. In Exp. 1, several sheep were 

killed and examined after catheters failed, and each time a clot was blocking the catheter. 

Additionally, estrus was only detected in two ewes in Exp. 1, the uteroovarian catheter 

seems to have interfered with luteolysis, because most ewes showed estrus in Exp. 2. 

In Exp. 1, the PROC STEPWISE associations indicated that changes in 

progesterone are closely linked to changes m PGF 7a. In control ewes, jugular, vena 

caval, and uteroovarian progesterone accounted for significant changes in jugular, vena 

caval, and uteroovarian PGF20 and PGFM. This reflected the increase in PGF2a and its 

metabolite, PGFM, as progesterone concentrations decreased during luteolysis. As 

progesterone production is reduced, the inhibitory effect of progesterone on endometrial 

oxytocin and estradiol receptors is removed (McCracken et al., 1984; Leavitt et al., 1985). 

Luteal oxytocin binds to endometrial receptors increasmg phospholipase C and Aj 

activities resulting in increased arachidonic acid availability. Prostaglandin Fy synthesis 

is increased as the activity of necessary endometrial enzymes increase during the latter 

stages of the estrous cycle (Huslig et al., 1979). The increase in PGF aq release results in 

an increase in circulatng PGFM as PGF is metabolized in the lungs (Ferreira and Vane, 

1967). Luteolysis occurred in the MPA-treated ewes (as indicated by progesterone 

concentration) although PGF 7a concentrations were reduced. However, with the PROC 

STEPWISE procedures, the lnk between progesterone and PGFya seems to have been 

disrupted by MPA. Thus, MPA, which is significantly more potent than progesterone 

(Shelton and Robinson, 1967), may be "taking" the role of the endogenous progesterone. 

It would have been beneficial to measure circulating concentrations of MPA using an 

enzymeimmunoassay (Lewis et al., 1992). 

Estrogens were measured and included in the PROC STEPWISE models in Exp. 

2. In control ewes, changes in progesterone and estrogens were directly associated with 
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changes in PGFy70 and PGFM. This is in contrast to a previous report (Fortin et al, 

1994), which indicated that only estrogens were associated directly with prostaglandins 

and progesterone was linked to PGF a and PGFM via estrogens. The associations 

reflect the increasing concentrations of estrogens, PGF7a, and PGFM as progesterone 

concentrations decreased during luteolysis. The reduced concentrations of circulating 

progesterone results in an increase in endometrial receptors (estradiol and oxytocin; 

McCracken et al., 1984; Leavitt et al., 1985) and estradiol synthesis as follicles develop 

and the inhibitory effect of progesterone on LH secretion is removed. These events result 

in increased synthesis of uterine PGF70, which further reduce progesterone production by 

binding to luteal PGF a receptors. Progesterone production by the large luteal cells 

seems to be inhibited directly by PGF>«a through activation of protem kinase C (Jacobs et 

al, 1991), and the reduction in progesterone increases uterine PGF a synthesis. 

However, progesterone production in the small luteal cells may be inhibited indirectly via 

the large luteal cells or directly by estradiol binding to luteal receptors (Glass, 1988). 

Thus, the association between progesterone and estrogens is a reflection of estrogens 

possibly reducing progesterone production by the small luteal cells and the decreasing 

progesterone results in increasing estrogen concentrations. Association between estrogens 

and PGF a is the result of estrogens increasing enzyme activity necessary for PGF 7a 

production. These relationships were also reflected in the hormone profiles of the MPA- 

treated ewes, although the concentrations of estrogens were greater and PGF>«a less. 

However, as in Exp. 1, MPA seemed to disrupt the link between progesterone and PGF7a 

and PGFM. This was more prominent after luteolysis. Although MPA reduced PGF7a0 

and affected the link between progesterone and PGF7a, MPA treatment in Exp. 2 did not 

seem to be as effective as previously reported (Fortin et al., 1994; this study, Exp. 1). 

Thus, the pessaries might not have contained the appropriate amount of MPA. 
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Fortin et al. (1994) found significant associations between jugular and vena caval 

concentrations of progesterone, PGFM, and estrogens, but the results from the present 

studies were somewhat different. There was no association between any sampling site 

(jugular, vena caval, or uteroovarian) and a respective hormone (progesterone, PGFM, or 

estrogens); jugular, vena caval, and uteroovarian progesterone did not account for 

variation in each other. However, similar to the results of Fortin et al. (1994), these 

results did not support a relationship between jugular and vena caval PGF ja or 

uteroovarian PGF a and jugular PGFM. Furthermore, the PROC STEPWISE procedures 

did not reveal a relationship between vena caval and uteroovarian PGF9a. 
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Summary of results 

In Exp. 1, we asked the questions: 1) Does MPA reduce PGF>« concentrations in 

the uteroovarian vein? 2) Does blood from catheters in the uteroovarian vein provide a 

better indication of uterine activity than does blood from vena caval or jugular catheters? 

Treatment with MPA reduced uteroovarian concentrations of PGF>a and its metabolite, 

PGFM. However, MPA did not affect the time of luteolysis as indicated by jugular 

progesterone concentrations. Jugular hormone (progesterone, PGF70, and PGFM) 

concentrations and profiles differed from vena caval and uteroovarian concentrations. 

Uteroovarian and vena caval hormone concentrations differed, but profiles did not, 

indicating that vena caval blood is a reliable indicator of some aspects of uterine activity. 

This information is helpful because placement of uteroovarian catheters are time 

consuming and catheter patency is a problem. Furthermore, this study indicates that 

PGFM is not a useful indicator of the moment to moment changes in uterine release of 

PGF a. 

Because MPA reduced uteroovarian PGF a in Exp. 1 and luteolysis occurred on 

time, we asked the followimg question in Exp. 2: Does PGF 7a increase in vena caval 

plasma from MPA-treated ewes before d 14? The vena cava was catheterized, because 

Exp. 1 indicated that vena caval blood is a reliable indicator of uterine activity. The 

release of PGF7a did not seem to occur earlier in the MPA-treated than in the control 

ewes. However, MPA reduced jugular and vena caval PGF7a and PGFM. Again, jugular 

hormone (progesterone, PGF>a, PGFM, and estrogens) concentrations differed from vena 

caval concentrations. In Exp. 1 and 2, PROC STEPWISE procedures indicated that MPA 

disrupts the link between progesterone and PGF7a. Thus, measures of the circulating 

concentrations of MPA would be useful for determining how uterine PGF « secretion is 

regulated. Because MPA may reduce uterine PGF 7a by mhibiting endometrial oxytocin 
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receptors, it would also be useful to determine the endometrial oxytocin receptor status in 

MPA-treated ewes. 

Even though, MPA reduced uteroovarian concentrations of PGF7a and there was 

no early release of PGF a, luteolysis occurred on time. Thus, the question was asked: 

Does MPA enhance luteal sensitivity to PGF7a? Ewes treated with MPA and a minimal 

lutelytic dose of PGF 7a on d 8 had smaller CL and progesterone concentrations than ewes 

that were not treated with MPA. It seems that the MPA "primed" corpus luteum is more 

sensitive to PGF7a. The MPA may affect PGF2a receptors on the small and large luteal 

cells, therefore, it would be beneficial to determine the number and binding affinity of 

luteal PGFya receptors. Furthermore, sampling frequency could be increased and vena 

caval PGF>a measured to form a complete picture of the effect of MPA. 

In conclusion, MPA reduces uterine secretion of PGF7a and seems to increase 

luteal sensitivity to PGFya, which allows the CL to regress without delay. Additionally, 

although uteroovarian hormone concentrations often were greater, the profiles did not 

differ from those for vena caval blood. Therefore, vena caval blood seems to be adequate 

for evaluating uterine activity. 
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IMPLICATIONS 

Out-of-season estrous synchronization and breeding, which usually increase lamb 

production and "control" breeding and lambing times, is of mterest to producers. To 

improve the control of the reproductive cycle, an in-depth understanding of the 

reproductive physiology of sheep is essential. The precise mechanism(s) controlling 

steroid production and luteal function remain unclear. What controls cycle regularity, 

what hormonal environment is required for functional and structural luteolysis, and how 

does PGFya exert its luteolytic effect(s)? These questions are still unanswered and 

continue to be investigated. Thus, by further clarifying the mechanisms of Iuteolysis, 

improved methods for regulating the estrous cycle may be developed, which may lead to 

increased lambing rates and reduction in the time involved in breeding and lambing. 
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APPENDIX 

Abbriviations used throughout the thesis: 

AA 
cAMP 

CL 
CV 
d 
DAG 
df 
E>-178 
EIA 

Exp 
FSH 
GLM 
GnRH 
h 

IP3 
LH 
Loc 

J 
min 

MPA 
MSE 
P4 
PG 
PGF 0 

PGF 
PKC 

SAS 

SE 

SSE 

VC 

Arachidonoc acid 

Cyclic adenosine 3', 5'-monophosphate 

Corpus luteum or corpora lutea 

Coefficient of variation 

Day 

1, 2 diacylglycerol 

Degrees of freedom 

Estradiol-817 

Enzymeimmunoassay 

Experiment 

Follicle stimulating hormone 

General Linear Models 

Gonadotropin releasing hormone 

Hour 

Inositol-1, 4, 5-triphosphate 

Luteinizing hormone 

Location 
Jugular 

Minute 

6a-Methyl- 17a hydroxyprogesterone 

Mean Square Error 

Progesterone 

Prostaglandin 

Prostaglandin F 9a 

13, 14-dihydro-15-keto-prostaglandin Fya 

Protein kinase C 

Radioimmunoassay 

Statistical Analysis System 
Standard Error 

Sum Square Error 

Uteroovarian 

Vena caval 
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