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Some effects of 1713-estradiol on ovine luteal function were

studied in five experiments.

Estradiol injected into ewes on days 11 and 12 of the estrous

cycle caused luteal regression in both intact and unilaterally hyster-

ectomized ewes indicating that the presence of one uterine horn per-

mits estradiol to cause luteolysis comparable to the effect of this

hormone in intact ewes. On the other hand, corpora lutea on the

ovary adjacent to the intact uterine horn in unilaterally-hysterecto-

mized estradiol-treated ewes were smaller in size than the glands

on the opposite ovary suggesting that at least part of the luteolytic

effect of estradiol may be mediated via the adjacent utero-ovarian

channels.

Luteinizing hormone (LH) injected into intact ewes on days 9

through 13 of the estrous cycle prevented complete luteal regression,

induced by estradiol injected on days 10 and 11. Treatment of ewes



with LH, however, was unable to entirely overcome the detrimental

effect of injected estradiol on luteal progesterone content and concen-

tration.

Luteal weights of ewes either at laparotomy or autopsy were

heavier at day 13 than at day 6 of the estrous cycle. Estradiol injected

into ewes on day 4 or day 11 of the estrous cycle failed to affect the

luteal weight as determined at autopsy of ewes on day 6 or 13 of the

same cycle, respectively. Serum of blood samples drawn from the

jugular vein of each ewe over a two day period beginning at the time es-

tradiol was injected, was analyzed for LH by radioimmunoassay. For

comparison purposes, serum of blood samples from ewes at estrus

drawn over a two day period beginning at the time estrus was initially

detected, was also analyzed for LH. Serum LH peaked between 4 to 20

hours after the onset of estrus ranging from 62-103 ng/ml. A peak in

serum LH was observed ranging from 7.2-21.0 ng/ml, 16 to 20 hours

after the injection of estradiol into ewes on day 4. The short duration

of the LH peak was similar to that observed in ewes at estrus. Estra-

diol treatment of ewes on day 11 caused no significant changes in serum

LH levels. Although LH levels fluctuated beginning about 16 hours

after estradiol treatment, the highest values observed were only

about twice the baseline levels. The luteotropic effect of LH released

by estradiol administration at day 4 appears to protect the corpus

luteum from the luteolytic effect of estradiol whereas the relatively



small amount of LH release induced by estradiol on day 11 of the

cycle does not seem to establish a luteotropic LH to Luteolytic estra-

diol ratio compatible with maintenance of the corpus luteum.

Effect of estradiol on the in vitro conversion of pregnenolone-4-

14C to progesterone by luteal slices of ewes on day 6 and day 13 of the

estrous cycle was studied. Luteal slices of ewes on day 6 converted

more labeled pregnenolone to progesterone than luteal slices of ewes

on day 13 of the cycle. Addition of estradiol to the incubation medium

inhibited the conversion of labeled pregnenolone to progesterone by

luteal slices at both stages of the cycle studied, particularly at the

highest concentration of estradiol. It is suggested that estradiol may

have acted directly or indirectly on A5 - 313-hydroxysteroid dehydro-

genase to inhibit the incorporation of labeled pregnenolone into pro-

gesterone. Increased inhibitory action of estradiol on luteal progester-

one synthesis by day 13 luteal slices may be the result of a lower

content of A5 -313-hydroxysteroid dehydrogenase in day 13 luteal tissue.
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SOME EFFECTS OF ESTRADIOL
ON OVINE LUTEAL FUNCTION

INTRODUCTION

Effective synchronization of estrus is of great potential value to

commercial producers of cattle, sheep and swine. During the past

ten years, progress in developing reliable methods of estrous cycle

synchronization has been slow. Current methods do not appear readily

adaptable to widespread use under field conditions because of the low

conception rates of animals bred at the synchronized estrus. The

corpus luteum controls the length of the estrous cycle. A more com-

plete understanding of the factors affecting maintenance and regression

of the corpus luteum would be very useful in developing a more effec-

tive method of controlling the estrous cycle in farm animals. Inducing

premature regression of the corpus luteum is a promising area of

investigation that might also benefit society by leading to the immedi-

ate development of a safe and reliable contraceptive.

During the luteal phase of the estrous cycle, the length of which

varies with species, hormones influence the formation, growth, secre-

tory activity and degeneration of the corpus luteum. Rlesearch involv-

ing domestic animals has uncovered two hormonal systems that regu-

late the life span of the gland. One system (luteotropic) appears to

stimulate progesterone secretion and the other (luteolytic) brings
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about morphological regression of the corpus luteum. The nature of

the tropic stimulus has not been determined in the majority of domestic

animals. Likewise, the causes of regression of the corpus luteum at

the end of the estrous cycle are also inadequately understood. There

is indirect evidence, however, that the uterus may produce a sub-

stance which controls the functional life span of the corpus luteum.

Attempts to isolate a uterine Hluteolysin" have not, however, been

successful. Regression of the corpus luteum may be due to the with-

drawal of a luteotropic influence, initiation of an active luteolytic

process or a combination of both.

Accumulating evidence suggests that endogenous estrogen may

play a role in causing luteal regression at the end of the estrous cycle

in a number of species. Exogenous estrogen, therefore, could be

used to elucidate the physiological mechanisms involved in causing

regression of the corpus luteum. The subsequent report is a compi-

lation of research conducted to study estradiol induced luteal regres-

sion in ewes during the estrous cycle.
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REVIEW OF LITERATURE

Factors Affecting the Life Span of the Corpus Luteum

Effect of the Uterus on Corpus Luteum Function

In recent years, attempts have been made to increase our

knowledge of factors affecting corpus luteum function. Experimental

evidence suggests the existence of a functional interdependence be-

tween the ovary and the uterus in many mammalian species. Con-

tinued luteal maintenance and an absence of estrus occurs in the

guinea pig (Rowlands, 1961; Butcher, Chu and Melampy, 1962), pig

(Spies et al., 1960; Anderson, Butcher and Melampy, 1961, 1963),

ewe and cow (Wiltbank and Casida, 1956) upon removal of the uterus

during the estrous cycle. Hysterectomy of the pseudopregnant rat

(Perry and Rowlands, 1961; Melampy, Anderson and Kragt, 1964)

and hamster (Duby et al., 1969) causes prolonged maintenance of

corpora lutea. It was formerly believed that hysterectomy of the

pseudopregnant rabbit resulted in maintenance of luteal function (Chu,

Lee and You, 1946). Recent experimental evidence by Hunter and

Casida (1967) suggests, however, that hysterectomy may not cause

maintenance of the corpus luteum in this species. Corpora lutea in

hysterectomized pseudopregnant rabbits on day 20 did not differ in

weight from intact pseudopregnant rabbits, 20 days after mating.
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Pseudopregnancy in the rabbit lasts about 18 days. Luteal function

remains unaltered after hysterectomy during the estrous cycle of

the mouse, rat, hamster, ferret and opossum (Anderson, Bower-

man and Melampy, 1963). Similarly, hysterectomy during the

menstrual cycle of the monkey and woman fails to affect the life span

of the corpus luteum (Anderson et al., 1963).

Further investigation of luteal function in the pig, guinea pig

and ewe has revealed the existence of a functional relationship be-

tween the amount of uterine tissue and the life span of the corpus

luteum. Du Mesnil du Buisson (1961) partially hysterectomized pigs

by removing all of the uterus except a part of one non-gravid uterine

horn (26 cm in length). Corpora lutea on the ovary adjacent to the

retained portion of the uterine horn regressed whereas glands on the

opposite ovary were maintained. This was later confirmed by

Anderson, Rathmacher and Melampy (1966) in pigs that were made

unilaterally pregnant by surgical intervention. Corpora lutea re-

gressed on the ovary adjacent to the non-gravid side in 43% of the

pigs when the anterior and posterior one-fourth of the uterine horn

was removed and in 71-75% of pigs on removing the posterior half

or posterior one-eighth.of the uterine horn. A similar effect of the

non-gravid uterus on luteal function in the ewe was demonstrated by

Moor and Rowson (1964) and Rowson and Moor (1964). Half of the

cycles of ewes were extended beyond 20 days when one uterine horn
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was removed whereas removal of the distal half of one horn extended

only one-fourth of the cycles. Similarly, the duration of post opera-

tive diestrous interval in cattle (Anderson, Neal and Melampy, 1962)

and guinea pigs (Butcher, Chu. and Melampy, 1962) was found to be

proportional to the amount of uterus removed. Thus, transformation

of the active corpora lutea to corpora albicantia during each non-

fertile cycle in these species appears to be related to the presence

of a threshold portion of the functional uterus.

The experiments on subtotal hysterectomy of pigs by Du Mesnil

du Buisson (1961) and guinea pigs by Fischer (1965) led to an impor-

tant finding of uterine function-- an apparent local action of the

uterus on the corpus luteum. In subsequent experiments, a local

action of the uterus was found to exist in the cow (Ginther et al. ,

1967), ewe (Inskeep and Butcher, 1966), pig (Du Mesnil du Buisson,

1961), guinea pig (Bland and Donovan, 1966a) and hamster (Orsini,

1968). Upon unilateral hysterectomy, the corpora lutea regressed

normally on the ovary adjacent to the intact uterine horn but the

glands on the contralateral side remained functional in these species.

This suggests that in species with a bicornuate or a bipartite uterus,

each uterine horn acts to control the life span of the corpus luteum

on the adjacent ovary. The local effect of the uterus on the corpus

luteum has also been shown to exist by another experimental tech-

nique, in which foreign bodies were introduced into the uterine lumen.
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Insertion of glass or plastic beads, rubber tubing, plastic cylinders

or plastic spirals into the uterus of the ewe (Ginther, Pope and

Casida, 1965, 1966), cow (Hansel and Wagner, 1960) and guinea pig

(Ginther, Mahajan and Casida, 1966) during the first few days post

ovulation causes precocious regression or poor formation of the cor-

pus luteum, presumably by a local luteolytic influence from the stim-

ulated uterine horn. Such a foreign body introduced into the uterus

of a rat (Marston and Chang, 1964), rabbit (Brown and Foote, 1966),

hamster (Orsini, 1965), pig (Gerrits, Hawk and Stormshak, 1968),

monkey (Kar et al., 1965) or woman (Oppenheimer, 1959), however,

does not appear to have any effect on the cycle length.

The mechanism by which hysterectomy prolongs the functional

life span of the corpus luteum or a foreign body placed into uterus

acts to bring about luteal regression is not known. It may act directly

on the corpus luteum or indirectly by way of the hypothalamo-

hypophyseal axis. Nevertheless, the local effect of the uterus on

the ipsilateral corpus luteum suggests the production of a substance

by the uterus which may be carried via the blood vessels or lymph

to the ovary or diffuse through the tissues to the site of action. No

anatomical pathway has been found that might function as a transport

system between the uterus and the ovaries (Lisowski, 1953; Oxenreid-

er, McClure and Day, 1965). Recent observation by Dobrowlski and

Hafez (1970), however, tend to indicate that the vascular connections
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between the ovary and the adjacent uterine horn may act as a pathway

for the luteolytic substance. In bilaterally ovulating ewes, corpora

lutea on the ovaries that were completely separated from the uterus

and oviduct by severing the branches of the uterine artery and vein

remained functional whereas glands on the other side with vascular

connections to the uterine horn, completely involuted.

Results of experiments in which the uterus and ovaries have

been autotransplanted to other sites in the body lend further support

for the existence of a uterine luteolytic factor. Guinea pigs bearing

autotransplanted ovaries in the kidneys fail to exhibit estrus for at

least 35 days after the initial formation of luteal tissue in the grafts

(Bland and Donovan, 1968a ). Similarly, rats with ovaries autotrans-

planted to the kidneys exhibited pseudopregnancies °three to four days

longer than those of intact sham operated controls (Anderson, Melampy

and Chen, 1966). In both the guinea pig and the pseudopregnant rat,

ovarian autotransplantation to the uterus was followed by a reduction

in luteal life span as determined by the occurrence of estrus (Bland

and Donovan, 1969; Anderson, Melampy and Chen, 1967). The uterus

autotransplanted between the abdominal skin and musculature in hys-

terectomized rats reduced the length of pseudopregnancy as compared

to controls. Transplantation of one or both uterine horns had similar

effects but in no case was pseudopregnancy reduced to the length of

that of intact animals (Melampy et al-. , 1964). In hysterectomized
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pigs, estrous cycles were re-established which were 21-23 days in

duration when the uterus was autotransplanted between the rectus

abdominus and oblique abdominal muscles (Du Mesnil du Buisson and

Rombauts, 1963). Similarly, the mean estrous cycle length of ewes

with the entire uterus or one uterine horn autotransplanted to the

omentum was not different from that of the ewes of the control group

(Niswender, 1968).

The evidence for a uterine luteolytic factor is indirect and is

based upon the prolongation of the life span and secretory activity of

the corpus luteum after hysterectomy. Direct evidence for the pres-

ence of such a factor in any species except the hamster has not been

presented (Mazer and Wright, 1968). Injection of extracts of the six

or seven day pseudopregnant hamster uterine horn are effective in

shortening the duration of pseudopregnancy in hysterectomized ham-

sters. Attempts to characterize the luteolytic factor from uterine

homogenates, extracts or flushings have not been successful. Prs-

liminary observations indicate that this factor is nondialyzable, is

heat labile, has a high molecular weight and is possibly a protein

(Mazer and Wright, 1968; Caldwell et al., 1969; Lukaszewaska and

Hansel, 1970). The local action of the uterus on the corpus luteum

also suggests that it may have a short half life. A major problem in

the isolation of a uterine luteolytic agent has been the lack of a suit-

able in vivo system with sufficient accuracy and specificity for
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identification of the active principle. On the other hand, the identifi-

cation of the substance may not be possible due to the following rea-

sons: either endometrial glands or epithelium produce and store the

substance in an inactive form and it is brought into play for a very

short time after it is activated or this substance is totally different

from what has been looked for in previous studies. The luteolytic

property of prostaglandin F2 when injected into the rat (Pharris and
,a

Wyngarden, 1969), guinea pig (Blatchley and Donovan, 1969) or pri-

mates (Kirton, Pharris and Forbes, 1970) and the presence of prosta-

glandins in the uterine tissue suggest that these substances might be

responsible for luteal demise at the end of the normal cycle.

The effect of removal of the uterus at different stages during the

luteal phase or pseudopregnancy gives some indication of the time

when the uterine luteolytic effect occurs. It is rapid in a few species

and is gradual in others. In pigs, removal of the uterus before day

16 is followed by maintenance of the corpus luteum (Anderson et al.,

1963). Hysterectomy of the ewe as late as day 15 arrests the regres-

sive changes in luteal cells if the gland is functional at the time of

the operation (Moor et al., 1970). Removal of the uterus on the after-

noon of day seven in the pseudopregnant hamster causes luteal main-

tenance whereas removal on the morning of day eight does not pre-

vent regression of this gland at the normal time (Duby et al., 1969).

Luteal function in the pseudopregnant rat is prolonged to the length of
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normal gestation if the rats are hysterectomized before day 11 whereas

luteal regression is initiated earlier on removing the uterus on day

13 (Melampy et al., 1964).

Effect of the Embryo on Corpus Luteum Function

In many mammalian species, the functional life span of the

corpus luteum is significantly prolonged in pregnancy. Since the

corpus luteum of the pregnant animal is present beyond the luteal

phase of the estrous cycle, a signal for its maintenance must originate

from the embryo. There is an impressive body of evidence about the

embryo - luteal relationship in domestic and laboratory animals; the

precise stage at which the embryo assumes its function of extending

the life span of the corpus luteum and the role of placental luteotropin

in ensuring continued luteal function.

Transfer of embryos into non-pregnant ewes up to day 12 after

estrus consistently results in normal pregnancy. Embryos trans-

ferred to recipient ewes after day 12 have little or no effect on the

life span of the corpora lutea. On the contrary, removal of the em-

bryos from pregnant ewes by day 12 is followed by normal regression

of the glands. Luteal functional life is significantly prolonged if the

embryos are not removed until day 13 (Moor and Rowson, 1964, 1966a,

1966b). These experiments demonstrate that the presence of the

embryo in the ewe can prevent luteal regression by reversing the
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luteolytic action of the uterus. This effect on the corpora lutea is

shown to be exerted in a local manner (Moor and Rowson, 1966c).

Corpora lutea on the ovary adjacent to the isolated pregnant horn in

ewes were maintained while those on the ovary adjacent to the sterile

horn regressed. In this study, embryos were confined to one uterine

horn by ligating and transecting the uterine horn at the junction of the

horn and body of the uterus. The uterine horn was not separated from

the broad ligament or from the oviduct. In a further series of experi-

ments (Moor and Rowson, 1966c), it was found that the removal of

both the fetus and placenta at any time during the first 50 days of

gestation results in rapid regression of the corpus luteum of pregnancy

in ewes. By contrast, luteal function is maintained for an extended

period of time if the fetuses alone are removed or destroyed by cautery

suggesting that the placenta in the ewe is an active element in the

maintenance of the corpus luteum.

In pigs, in order for pregnancy to continue, embryos must be

present in both uterine horns between days 10 to 12 (Dhindsa and

Dziuk 1968 ), Recent observations by Niswender et al., (1970)

further suggest that the signal from the embryo to the corpus luteum

is mediated locally before day 12 of pregnancy. Gilts made unilaten.

ally pregnant after day 12 carried functional corpora lutea on both

ovaries. Unilateral pregnancy of gilts beginning on day two after

mating resulted in unilateral maintenance of corpora lutea on the
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side adjacent to the embryos. Additional information on the embryo-

ovarian relationship in pigs was presented by Du Mesnil du Buisson

(1966). In his experiment, one uterine horn was surgically isolated

and the adjacent ovary was removed before mating. Number of em-

bryos in the other horn increased due to an increase in the ovulation

rate of the remaining ovary. The increased number of embryos in

the non-isolated horn were able to maintain pregnancy in spite of the

presence of a non-gravid horn. The embryos may have served to

increase the amount of placental luteotropin, thus exerting a greater

antiluteolytic action to maintain the corpora lutea. Attempts to pre-

vent luteal regression by infusing embryonic or placental extracts

into the uteri of non-pregnant pigs, however, have not been success-

ful (Anderson, 1966). It is known that pregnancy in the pig does not

continue without functional corpora lutea. Removal of the ovary at

any stage during gestation causes termination of pregnancy unless

progesterone is administered (Du Mesnil du Buisson and Dauzier,

1957). This suggests that the placenta in the pig does not secrete

sufficient progesterone for maintenance of pregnancy. In addition,

hypophysectomy of pregnant pigs terminates pregnancy unless estro-

gen and progesterone are administered (Du Mesnil du Buisson et al.,

1964). This would further suggest either absence of a placental

luteotropin or its inadequate secretion in this species.

Luteal function in the guinea pig is prolonged during pregnancy.
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Corpus luteum size and the progesterone content is increased. Pres-

ence of embryos in the uterus prevents luteal regression on the 14th

day post coitum (Heap, Perry and Rowlands, 1967). Therefore, the

embryos in the guinea pig must affect the corpus luteum before day

14. Surgical removal of the conceptuses (fetus and placenta) at any

time during gestation results in rapid regression of the corpus luteum

in the guinea pig (Bland and Donovan, 1966b). The conceptus -corpus

luteum relationship in the guinea pig is independent of hypophyseal

influence as indicated by the fact that hypophysectomy on the second

or third day after mating does not affect the survival of the fetuses

(Heap et al., 1967). On the other hand, hypophysectomy of the preg-

nant rabbit results in regression of the corpora lutea (Robson, 1937a).

Luteal regression occurs also if the conceptuses are removed com-

pletely. It does not occur, however, if the placentae are left in situ

(Klein, 1933; Chu et al., 1946). These results suggest that the pla-

centa in the rabbit produces a luteotropic substance. Estrous cycles

in normal rats are inhibited by injecting placental extracts (Astwood

and Greep, 1938). Pregnancy in hypophysectomized rats can be main-

tained by the daily injection of extracts from mid-term placentae

(Averill, Ray and Lyons, 1950). Evidence is also available that

placental luteotropins appear after day seven in pregnant rats and

can maintain luteal function from day 12 in the absence of the pituitary

gland (Deanesly, 1966). The life span of corpora lutea in
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pseudopregnant rats can also be prolonged by inducing deciduomata.

The extent to which luteal function is prolonged depends upon the

amount of decidual tissue in the uterus. Unilateral traumatization

maintains the corpora lutea to day 18 while traumatization of both

uterine horns prolongs luteal function for a period equivalent to that

of pregnancy (Melampy et al., 1964). Therefore, it is possible that

an interaction between the embryo and the uterine stroma is necessary

for the secretion of a luteotropic substance in early pregnancy in rats.

The placenta affects the corpus luteum either by secreting a luteo-

tropic substance or by eliminating or reducing the lytic effect of the

uterus. In the mouse, the luteotropic effect of conceptuses is evident

by day eight of gestation and can replace the hypophyseal luteotropin

by day 12 (Deanesly, 1930; Deanesly and Newton, 1941). The mouse

differs from the rat in that luteal function is not prolonged by the

presence of traumatic deciduomata (Kamen and Atkinson, 1948).

In a few species, the presence of the embryo in the uterus does

not have any influence on the corpus luteum. The ferret and opossum

fall into this group of animals in which there is no difference in the

life span of the corpus luteum or its function between the pregnant and

pseudopregnant female ( Deanesly:, 1967; Hartman, 1923).

Pituitary-Ovarian Interrelationships

Reproductive physiologists are still faced with the problem of
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an incomplete understanding of pituitary-ovarian interrelationships

in many mammalian species. Techniques perfected in hypophysec-

tomy of some domestic animals and advances made in the accurate

determination of steroids and gonodotropins should enable physiolo-

gists to gain a better understanding of these interrelationships.

An impressive body of evidence has been presented about the

involvement of the pituitary in the development of the corpus luteum

and regulation of its secretion. In the pig, formation of the corpus

luteum during the estrous cycle is independent of hypophyseal support

(Du Mesnil du Buisson and Leg lise, 1963). The idea that the corpus

luteum could be formed and yet function in the absence of hormonal

support from the pituitary, was extended by Denamur and Mauleon

(1963a) to include the sheep. Hypophysectomy of prepubertal ewes

in which ovulation was induced by exogenous gonadotropins did not

influence the formation and maintenance of corpora lutea. In a similar

study in which adult ewes were used, histologically active luteal

structures were present 10-12 days after hypophysectomy per-

formed between days three and five of the estrous cycle. Progester-

one concentration, however, was normal for only five days following

surgery. If hypophysectomy was performed at day ten, structural

regression and reduction in progesterone concentration was more

rapid (Denamur, Martinet and Short, 1966). On the basis of these

findings these investigators concluded that in the ewe, the corpus
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luteum of the cycle is formed in the absence of the pituitary but the

support of this gland is necessary for the normal luteal function be-

ginning on day five of the estrous cycle. Subsequent work by Kalten-

bach et al., (1968a), however, supports a different view of the neces-

sity of the pituitary gland for luteal maintenance and function. Hypo-

physectomy of ewes immediately after ovulation prevented corpus

luteum formation and in ewes hypophysectomized on day five of the

estrous cycle, the corpus luteum regressed completely by day 12.

Anestrous ewes in which ovulations were induced responded to hypo-

physectomy in a similar manner. Effect of hypophysectomy on corpus

luteum function has also been studied in the hamster, guinea pig,

rabbit and rat. Corpora lutea of the hamster involute rapidly follow-

ing hypophysectomy during the estrous cycle (Greenwald, 1967).

Corpus luteum formation in the guinea pig requires hypophyseal sup-

port for the first three or four days following ovulation, after which

time the pituitary gland can be removed without impairing subserluent

luteal development and function (Heap et al., 1967). Hypophysectomy

of the pseudopregnant rabbit is followed by rapid degeneration of

corpora lutea and cessation of their secretory function (Kilpatrick,

Armstrong and Greep, 1964). Corpora lutea of the cyclic rat lose

their progesterone secreting ability within 24 hours after hypophy-

sectomy (Evans et al., 1941; Astwood, 1941).

Hypophyseal stalk transection in the rat results in cessation of
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secretion of follicle-stimulating hormone (FSH) and luteinizing hor-

mone (LH) as indicated by the regression of ovarian follicles and

interstitial tissue .. Presence of corpora lutea after stalk transection,

however, indicates continued secretion of luteotropin in the absence

of hypothalamic inhibiting influence on the pituitary (Nikitovitch-

Winer, 1965). The corpus luteum develops normally and remains

functional in stalk transected heifers. The luteal progesterone con-

tent in these heifers, however, was less at each day following stalk

transection than in the control animals (Henricks, Oxenreider and

Anderson, 1969). This lowered functional activity of the corpus luteum

suggests a decrease in luteotropic activity of the pituitary after stalk

transection. In sheep, regardless of the time of stalk section, the

corpus luteum functions as it would during the normal cycle (Denamur

et al., 1966). On the other hand, interruption of the hypothalamo-

hypophyseal connection in the pig does not allow normal corpus luteum

function (Anderson et al., 1967).

The nature of the pituitary hormone or hormones which main-

tain the growth and the secretory activity of the corpus luteum is not

clearly understood in all species. The term "luteotropic" was origi-

nally used by Astwood (1941) for the hypophyseal hormone prolactin

which maintains the corpus luteum in rats and mice. Since then,

this hormone has been tested in a variety of species to determine its

luteotropic potential. Injection of prolactin failed to prolong the life
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span of the corpus luteum in the guinea pig (Aldred, Sammelwitz and

Nalbandov, 1961), rabbit (Kilpatrick et al 1964), pig (Duncan et al.,

1961), cow (Smith, McShan and Casida, 1957), ewe (Denamur and

Mauleon, 1963a) and monkey (Hisaw, 1944). A combination of pro-

lactin and FSH, however, appears to constitute a luteotropic complex

in the hamster (Greenwald, 1967).

Failure to find prolactin a universal luteotropin ha.s led to

an intensive search for other luteotropic substances of pituitary ori-

gin in mammals other than rats and mice. Kaltenbach et al., (1968b)

were able to demonstrate the luteotropic effect of LH in hypophy-

sectomized ewes. Continuous infusion of pituitary extracts containing

both FSH and LH as well as crude LH were luteotropic in the ewe.

Follicle-stimulating hormone, prolactin or estrogen alone failed to

maintain corpora lutea in hypophysectomized ewes. Karsch et al.,

(1970) reported success in maintaining the corpus luteum in anatomi-

cally intact ewes by continuous infusion of purified LH. Less LH

was required to maintain the corpus luteum when follicles were des-

troyed by X-rays. They suggested that preovulatory maturing fol-

lices compete with the corpus luteum for the available LH and deprive

the gland of the luteotropic support of this gonadotropin. This results

in abrupt luteal involution at the end of the estrous cycle. The role of

LH as a luteotropin is supported further by the ability of this hormone

to stimulate in vitro progesterone synthesis by luteal slices of the
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ewe (Kaltenbach et al., 1966), cow (Mason and Savard, 1964; Savard

Marsh and Rice, 1965; Armstrong and Black, 1966; Hansel, 1 966)

and pig (Cook et al., 1967). Addition of LH to incubation medium

containing slices of rabbit corpora lutea, however, does not stimulate

progesterone synthesis (Dorrinton and Kilpatrick, 1966).

Mason, Marsh and Savard (1962) were of the opinion that in

addition to LH, FSH preparations can effectively stimulate proges-

terone synthesis. In their later reports, they suggested that a trace

of contaminating LH might have been responsible for the ability of

FSH to stimulate progesterone synthesis in their previous experiments

(Mason and Savard, 1964; Savard et al., 1965).

Attempts have been made to pinpoint the site of luteotropic ac-

tion of this gonodotropin in in vitro studies. Luteinizing hormone

greatly increases the accumulation of the nucleotide 3'-5' cyclic

adenosine monophosphate (AMP) when incubated with corpus luteum

slices in vitro. Increased levels of this nucleotide were obserrz...d

earlier in the course of incubation prior to increases in progesterone

synthesis (Marsh et al., 1966). The enzymes involved in the synthe-

sis of 3'-5' AMP are believed to be located in the cell membranes

(Sutherland, Oye and Butcher, 1965) whereas cholesterol desmolases,

the rate limiting enzymes in progesterone synthesis, are in mito-

chondria. It is proposed, therefore, that 31-5' AMP might serve as

the messenger between the LH receptor, located in the cell membrane
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and the mitochondria, where the final effect of LH on steroidogenesis

is expressed.

In hypophysectomized pseudopregnant rabbits, there is a dichoto-

my of LH action. Injection of LH 12 hours after hypophysectomy can

maintain corpora lutea. On the other hand, LH injected immediately

after hypophysectomy is luteolytic, possibly working in concert with

some other pituitary factor in the blood stream which eventually dis-

appears after hypophysectomy (Kilpatrick et al., 1964). Intravenous

injection of LH is luteolytic in the intact rabbit after the fifth day of

pseudopregnancy (Stormshak and Casida, 1965; Spies, Coon and Gier,

1966). This LH induced luteal regression can be prevented by the

administration of estrogen (Stormshak and Casida, 1965; Spies et al.,

1966). It is proposed by Keyes and Nalbandov (1968) that the luteo-

lytic action of exogenous LH in pseudopregnant rabbits is due to the

absence of estrogen as a result of the induced ovulation of the follicles

and not due to the direct luteolytic action of LH. Complete involution

of the persisting corpora lutea in hypophysectomized adult rats can

also be brought about by the injection of LH over a period of ten days

(Bunde and Greep, 1936; Greep, 1938).

Exogenous administration of another hypophyseal hormone has

been found to interfere with luteal development in the cow but not in

other species. Oxytocin injected during the first seven days of the

cycle can bring about premature luteal regression in the cow
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(Armstrong and Hansel, 1959; Labhsetwar et al., 1964). It is not

luteolytic when injected between days 12-14 of the cycle or when

added to a medium containing luteal slices (Mares and Casida, 1963).

Bovine LH or human chorionic gonadotropin (HCG) injected intra-

muscularly concurrently with oxytocin restored corpus luteum weight

to normal and ensured a normal progesterone concentration in luteal

cells. Equine LH, prolactin or growth hormone were ineffective in

counteracting the detrimental effect of oxytocin on the corpus luteum

(Simmons and Hansel, 1964; Donaldson, Hansel and Van Vleck, 1965).

These data led Hansel and coworkers to suggest that oxytocin brings

about luteal regression by causing a deficiency in circulating LH.

This was confirmed by their analyses of pituitary gonadotropic hor-

mone concentration of oxytocin injected heifers. Oxytocin may also

interfere with luteal development at least in part by acting indirectly

via the uterus. Oxytocin is without effect on luteal function in hyster-

ectomized heifers (Armstrong and Han6e1, 1959). In unilaterally

hysterectomized heifers, oxytocin acts to inhibit the development of

the corpus luteum on the ovary adjacent to the intact horn but not on

the contralateral ovary (Ginther et al., 1967). These results indicate

that oxytocin may act by stimulating the production or release of a

luteolytic substance from the uterus. Exogenous oxytocin does not

alter luteal function in the pig (Duncan et al., 1961), guinea pig

(Donovan, 1961), rabbit or rat (Brinkley and Nalbandov, 1963).
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In some species the life of the corpus luteum can be markedly

altered by exogenous estrogen. Exogenous estrogen has been demon-

strated to be luteotropic in the rabbit (Robson, 1937b; Greep, 1941;

Stormshak and Casida, 1965), pig and ewe. Daily injection of estro-

gen into pigs beginning on day 11 of the estrous cycle can prolong the

functional life span of corpora lutea as indicated by an increase in the

luteal progesterone concentration (Gardner, First and Casida, 1963).

On the contrary, follicular estrogen does not seem to be necessary for

progesterone synthesis by pig corpora lutea. Destruction of follicles

in pigs shortly after ovulation does not impair the life span of the

corpora lutea nor their ability to produce enough progesterone to

maintain pregnancy (Noveroske, 1969). Since ovaries are essential

throughout gestation in the pig (Du Mesnil du Buisson and Dauzier,

1957), the required progesterone in pigs with irradiated follicles must

come from the corpora lutea which can synthesize progesterone

without estrogen support. High doses of estrogen begun in the early

part of the cycle and continued beyond mid-cycle can extend the life

span of the corpus luteum in intact ewes (Denamur and Mauleon,

1963b; Piper and Foote, 1968). Nevertheless, this steroid is not

luteotropic in hypophysectomized ewes (Kaltenbach et al., 1968b) and

therefore, must be causing release of hormones from the pituitary

gland to maintain the corpus luteum. Experimental results of Foote

(1964), Piper and Foote (1968) and Howland et al., (1968) support this
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possibility in that the injection of 2 mg of estrogen into ewes on day

four or five of the cycle induces new ovulations. The LH content of the

pituitary on day seven is reduced in ewes treated with estrogen on day

five, indicating that the ovulations were a result of LH released from

the pituitary (Howland, et al., 1968). On the other hand, estrogen is

luteolytic when administered after mid-cycle in the ewe (Stormshak,

Kelley and Hawk, 1969; Hawk and Bolt, 1970). It is also luteolytic

in nonpregnant, pregnant and hysterectomized cattle (Kaltenbach

et al., 1964) and nonpregnant guinea pigs (Choudary and Greenwald,

1968). The mode of action of estrogen in causing luteal regression

is not understood. Total hysterectomy of the ewe (Stormshak et al.,

1969) and guinea pig (Bland and Donovan, 1968b), however, prevents

the luteolytic effect of estrogen suggesting at least some involvement

of the uterus in these species. In cattle, FSH administration in large

quantities does not effectively antagonize the luteolytic effect of estro-

gen but the addition of FSH and LH limits luteal regression conler-

ably. Human chorionic gonadotropin can reverse the effect of estro-

gen and even increase the luteal weight in spite of the presence of

estrogen (Wiltbank, 1966). Similarly, the luteolytic effect of estro-

gen after mid-cycle can be prevented by the administration of HCG

in ewes (Bolt and Hawk, 1970). Luteinizing hormone is not luteo-

tropic and does not reverse the effect of estrogen in the guinea pig.

Estrogen appears to induce luteal regression in the nonpregnant guinea
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pig by inhibiting the pituitary secretion of FSH which is at least in

part responsible for normal maintenance of the corpus luteum in this

species (Choudary and Greenwald, 1969). A possible site of action

of estrogen in interfering with progesterone synthesis is the enzyme

A5-3P-hydroxysteroid dehydrogenase (313-HSD) that converts preg-

nenolone to progesterone. 17P-estradiol is known to behave as a

potent inhibitor of this enzyme prepared from the extracts of Pseudo-

monas testosteroni (Talalay and Marcus, 1956; Talalay, 1963; Gold-

man, 1967).

Exogenous progesterone is luteolytic in some species and is

without effect in others. Progesterone injected within the first three

to four days of the cycle interferes with luteal development in ewes

and cows (Woody, First and Pope, 1967). The ability of exogenous

progesterone to interfere with the development of induced corpora

lutea does not appear to differ from that of natural glands. Using the

return to estrus as an indication of luteal life span, Inskeep et al.,

(1964) found that in the ewe, corpora lutea induced in the presence of

natural corpora lutea did not function as long as those induced in the

absence of natural glands. Corpora lutea induced in the ewes that

were receiving exogenous progesterone also regressed in the same

manner. Progesterone treatment during the estrous cycle does not

modify the luteal weight and number of corpora lutea in pigs

(Sammelwitz and Nalbandov, 1958). Brinkley, Norton and Nalbandov
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(1964), however, noticed a significant decrease in luteal progesterone

concentration following progesterone injection. Progesterone admin-

istered to pregnant gilts from the day of mating to slaughter on day

18 or 25 reduced the luteal weight as compared to controls (Spies

et 21., 1959). Aldred et al., (1961) reported partial regression of the

corpora lutea in pregnant and nonpregnant guinea pigs treated with

exogenous progesterone. These results are not in agreement with

Choudary and Greenwald (1969) who failed to demonstrate a luteolytic

effect of exogenous progesterone on the corpus luteum of nonpregnant

guinea pig.
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MATERIALS AND METHODS

Animals

Mature crossbred or purebred ewes were used in five experi-

ments. Ewes were checked for estrus twice daily using vasectomized

rams. A ewe was considered to be in estrus when she stood for

mounting by rams. Ewes were allowed to complete at least one es-

trous cycle of normal duration before being assigned to an experi-

mental group. The first day of estrus was designated day zero of

the cycle in these studies. Data were collected during the period

September through December in the years 1968 and 1969.

Luteal Re

Experiment I

Experiment I and II
ression b Estradiol in Unilaterall
Hysterectomized Ewes

Twenty-seven ewes were assigned to four treatment groups in

a 2x2 factorial design. The groups and the treatments the ewes

received were as follows: group 1, none; group 2, 17p-estradiol;

group 3, unilateral hysterectomy; and group 4, unilateral hysterec-

tomy and 1713-estradiol. Only ewes with unilateral ovulations were

used in group 4. Ewes in group 3 and 4 were laparotomized on day

five of the estrous cycle and one uterine horn was removed from the
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utero-tubal junction to the anterior portion of the cervix. The uterine

horn to be removed from ewes in group 3 was chosen at random.

Corpora lutea were marked with India ink at the time of laparotomy

to allow positive identication of glands at autopsy. Ewes in group 1

and 2 were sham operated. Ewes in group 2 and 4 were injected intra-

muscularly with 1 mg of 1713-estradiol dissolved in corn oil on each

of days 11 and 12 of the cycle. Ewes in the control groups were

injected with corn oil only. All ewes were autopsied on day 14 of the

cycle at which time the corpora lutea were dissected from the ovarian

stroma and weighed. Linear regression was used to adjust luteal

weight for number of corpora lutea and the data were analyzed statis-

tically be use of least squares analysis of variance.

Experiment II

Ten bilaterally ovulating ewes were used in this experiment.

On day five of the estrous cycle, all ewes were unilaterally hyster-

ectomized as described in the first experiment and the corpora lutea

were marked with India ink. All ewes were injected intramuscularly

with 1 mg of 17P-estradiol dissolved in corn oil on each of days 11

and 12 of the cycle. All ewes were autopsied on day 14 of the cycle

at which time the corpora lutea were weighed. Differences in luteal

weights were tested for significance using the paired "t" test.
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Experiment III
Luteotro ic Effect of LH in Estradiol Treated Ewes

Fifteen ewes were assigned randomly to three treatment groups.

Ewes were treated as follows: group 1, none; group 2, 1713-estradiol;

and group 3, 1713-estradiol and LH. Five ewes were used in each

group. Treatment consisted of a single intramuscular injection of

500 p.g of 1713-estradiol dissolved in corn oil on each of days 10 and

11 in the morning. Ewes in group 3 were injected intramuscularly

with 1 mg of ovine LH (NIH-LH-S-14) dissolved in saline, in the

morning and evening on days 9 through 13. Each ewe received a

total of 10 mg of LH in five days. Ewes in groups not receiving

estradiol or LH were injected with an equivalent amount of corn oil,

saline or both. All animals were killed on day 14 at which time cor-

pora lutea were removed, weighed and stored in 95% ethanol until

analyzed for progesterone.

Progesterone -4-14C was added to each sample to correct for

losses incurred during extraction and purification. Luteal tissue was

homogenized in 95% ethanol and filtered. The filtrate was dried

under vacuum and further purified by column chromatography as

described by Stormshak et al., (1963). Final purification of samples

was made by use of thin layer chromatography (E. Merck, Silica Gel

F-254, preparative, with inorganic fluorescent indicator). The
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chromatogram was washed in a chromatography tank containing

chloroform: methanol (50:60 V/V) for one hour and then dried for 30

minutes at 80-90°C, before spotting the sample on the plate. Chro-

matograms were allowed to develop in one dimension for two hours

in a solvent system of chloroform:methanol (99:1 V/V) (Randerath,

1966). The chromatography tank was lined with filter paper and the

solvents added on the same day the chromatograms were to be devel-

oped. Authentic progesterone was chromatographed to aid in the

visual detection of the sample steroids under ultraviolet light. The

Rp values (distance of steroid from the origin relative to the position

of progesterone) for several authentic steroids using this system are

presented in Table 1. The sample steroid and appropriate blank areas

were removed from the plates by vacuum and eluted with 10 ml of

absolute methanol. Progesterone was quantified by measuring sample

absorption at 230 and 240 mp. in a DU spectrophotometer as described

by Reinke (1956).

Luteal weights and progesterone content and concentration were

adjusted for number of corpora lutea by use of covariance. Duncan's

multiple range test or Kramer's (1956) modification of this statistical

procedure were used to test differences between mean luteal charac-

teristics of the three groups.
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Table 1. Thin Layer Chromatography of Steroids Using Chloroform:
Methanol 99: 1

Rp Value*

Progesterone 1.00

Androst-4-ene-3,17 -dione .88

3 P-hydroxypregn-5-en- 20-one (Pregnenolone)):t* .68

20 a- hydroxypregn- 4- en- 3-one .55

20 13-hydroxypregn-4-en-3-one .51

17 a-hydroxyprogesterone .49

Testosterone .45

Rp Value = distance of progesterone from origin (cm)
distance of steroid from origin (cm)

):":' Detected by placing developed chromatogram in an atmosphere of
12 vapor.

Experiment IV
Serum LH Levels and Luteal Weight in Ewes Following

a Single Injection of 17P-estradiol

The animals used for this study were Hampshire ewes. They

were checked for estrus twice daily at 12 hour intervals.

Corpora lutea were removed at laparotomy from groups of four

ewes on day 6 or 13 of the estrous cycle (control cycle). The animals

returned to estrus and were then allowed a single recovery cycle.
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Following the recovery cycle the ewes in the day 6 group were treated

with 17P-estradiol on day 4 and autopsied on day 6 (treatment cycle).

Likewise, ewes in the day 13 group received 17P-estradiol on day 11

and were autopsied on day 13. Treatment consisted of a single intra-

muscular injection of 750 µg of 17P-estradiol in corn oil. The weights

of corpora lutea removed at laparotomy and at autopsy were recorded.

In cases where two corpora lutea were found the average weight ws

calculated and used in the analysis of variance for luteal weights.

Blood samples were drawn from the jugular vein of each ewe

over a two day period beginning at the time estradiol was injected.

In addition, blood samples were drawn from a single ewe following

an injection of 2 mg of 1713-estradiol on day 11 of the cycle. To obtain

data on LH levels at estrus for comparison purposes, blood samples

were drawn over a two day period from five ewes at estrus beginning

at the time estrus was initially detected. Two ewes in each treatment

group were used for this purpose at the_estrus preceding treatment

as well as one additional untreated ewe. All blood samples were ob-

tained at four hour intervals. The blood was allowed to clot and the

serum was removed and frozen until assayed. Serum LH was deter-

mined by radioimmunoassay by Dr. B. E. Howland, Department of

Oral Biology, The University of Manitoba, Canada, using the method

of Geschwind and Dewey (1968).
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Experiment V
Estradiol Inhibition of in vitro Conversion of Pregnenolone-

4,,,14C to Progesterone by Ovine Luteal Slices

Eight mature Hampshire ewes were assigned randomly to one

of two groups in equal numbers. Ewes were laparotomized on day

6 or 13 of the estrous cycle. Corpora lutea were enucleated from the

ovarian stroma and transported to the laboratory on crushed ice.

After weighing, each gland was sliced using a hand slicer (Harvard

Tissue Slicer #140). Aliquots of luteal slices (100 mg) were added to

each of five flasks containing 2.9 ml of Krebs- Ringer bicarbonate

(KRB) with 50 mg percent glucose. The KRB was gassed for 10

minutes with 95% 0 - 5 °70 CO
2

before adding it to each flask. The

flasks containing the luteal tissue were treated as follows: flask 1,

unincubated control; flask 2, incubated control; flask 3, incubated

with 0.3µg 1713-estradiol per ml; flask 4, incubated with 1.0 p.g

17 pe,strad1o1 per ml and flask 5, incubated with 10.0 p.g 17 13-etra-

diol per ml. 1713-estradiol was added to appropriate flasks dissolved

in 0.05 ml of ethanol. Control flasks received 0.05 ml ethanol only.

Pregnenolone-4- 14C (502 x 103 dpm) dissolved in 0.05 ml ethanol

was added to each of the five flasks. Incubation flasks were trans-

ferred to a Dubnoff shaker incubator maintained at 37oC, at which

time 10 ml of ice cold 95% ethanol was added to the unincubated con-

trol flask to stop synthesis, if any. Flasks were incubated for 1.5
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hours under 95% 02-5% CO2. Synthesis was stopped by adding 10 ml

of ice cold 95% ethanol to each flask at the end of incubation. The

contents of each flask were transferred to 20 ml vials and stored in

the freezer until analyzed for progesterone.

Luteal tissue and media were analyzed for progesterone using

the procedure described in the third experiment. Progesterone-1,

2-3H was added to each sample to correct for procedural losses.

Luteal progesterone concentration (p.g/gm) and specific activity (dpm/

p.g) were used as a measure of in vitro synthesis. Net luteal pro-

gesterone concentration (p.g/gm) and net luteal progesterone specific

activity (dpm /µg) in vitro were determined by subtracting the proges-

terone concentration and specific activity of progesterone found in the

tissue and medium of the unincubated control flask, from the proges-

terone concentration and specific activity found in the tissue and medi-

um of each flask at the end of incubation. Data on net luteal proges-

terone concentration and specific activity were analyzed statistically

by use of analysis of variance.

14 3Constancy of the isotope ratio ( C/ H) after purification by

recrystallization was used as a criterion of the radiochemical purity

of the synthesized progesterone. After quantitative measurement,

corresponding samples of each stage of the cycle studied were pooled

and 15 mg of recrystallized carrier progesterone was added to each

pool. Progesterone-1,2-3H (455 x 103 dpm) purified by thin layer
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chromatography was added to each of the pooled samples to establish
14 3a ratio of C/ H progesterone of approximately 1.00. Progesterone

was recrystallized from. acetone and pentane according to the method

of Axelrod et al., (1965). The ratio of 14C/3H progesterone was

calculated for each crystallization. As shown in Table 5, the ratio

of
14C/3H progesterone remained constant for each pooled sample

over all three crystallizations, indicating the presence of labeled

steroid free of radiochemical contamination.
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RESULTS AND DISCUSSION

Experiment I and II
Luteal Regression by Estradiol. in Unilaterally

Hysterectomized Ewes

The effect of estradiol on luteal weights of unilaterally hyster-

ectomized ewes of Experiment I is presented in Table 2. Corpora

lutea of intact and unilaterally hysterectomized ewes treated with

estradiol weighed less than the glands of control animals (P< .01).

In unilaterally hysterectomized ewes injected with estradiol (group 4)

corpora lutea on the ovary adjacent to the operated side tended to be

heavier than corpora lutea on the opposite ovary, however, the dif-

ferences were not significant. statistically. Unilateral hysterectomy

alone was without effect on luteal wight. In the second experiment

conducted to study further the effect of estradiol on luteal regression

in bilaterally-ovulating unilaterally-hysterectomized ewes, estradiol

treatment significantly reduced the weight of corpora lutea on the

ovary adjacent to the intact uterine horn as compared to corpora lutea

on the opposite side (mean luteal weights 405 and 490 mg., respec-

tively, P< .01).

Exogenous estrogen is luteolytic in nonpregnant ewes (Stormshak

et al. , 1969; Hawk and Bolt, 1970), cattle (Greenstein, Murray and

Foley, 1958; Loy, Zimbelman and Casida, 1960; Wiltbank, 1966)
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Table 2. Effect of Exogenous Estradiol on Mean Weights of Corpora
Lutea in Unilaterally Hysterectomized Ewes

Group
No. of

Ewes Treatment
Mean Luteal
Weight, mg

1 4 None 688±61

2 6 1 7p- estradiol 446±50*

3 7 Unilateral hysterectomy 571+46

4 10 Unilateral hysterectomy +
1 713- estradiol

5 CL adjacent to operated side 477±50*

5 CL opposite to operated side 378±50*

*1 713-estradiol, P< .01, compared to groups 1 and 3.

and guinea pigs (Choudary and Greenwald, 1968). Injections of estra-

diol cause luteal regression in hysterectomized heifers (Kaltenbach

et al., 1 964; Hansel and Seifart, 1967) but not in hysterectomized

ewes (Stormshak et al. , 1969) or guinea pigs (Bland and Donovan,

1968b). In the first experiment, estradiol injected on day 11 and 1 2

of the estrous cycle caused luteal regression in both intact and uni-

laterally hysterectomized ewes. Exogenous estradiol caused regres-

sion of corpora lutea on the ovary adjacent as well as the ovary oppo-

site to the intact uterine horn. It appears that the presence of one uterine

horn permits estradiol to cause luteolysis comparable to the effect

of this hormone in intact ewes. On the other hand, since corpora

lutea on the ovary adjacent to the intact uterine horn of unilaterally-
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hysterectomized estradiol-treated ewes were smaller in size than

glands on the opposite ovary in the second experiment, at least part

of the luteolytic effect of estradiol may be mediated through the adja-

cent uterine horn.

Experiment III
Luteotropic Effect of LH in Estradiol Treated Ewes

Injection of LH into ewes altered estradiol induced luteal regres-

sion (Table 31. Corpora lutea of ewes injected with estradiol and LH

were heavier than glands of ewes treated with estradiol only (P < . 05)

but weighed less than corpora lutea of control animals, though the

difference was not significant statistically. The mean luteal weight

of LH treated ewes is, however, based on only four observations.

Corpora lutea of one of the LH treated ewes in this group were unusu-

ally heavy (mean weight, 1097 mg) and their inclusion in the analysis

of luteal weights seemed undesirable. Luteal progesterone content

and concentration of LH treated ewes were greater than in the ewes

injected with estradiol only but the differences were not significant

statistically. The progesterone content of corpora lutea of LH injected

ewes, however, tended to be less and luteal progesterone concentra-

tion was significantly less than in the control animals.

Studies on the nature of pituitary hormones responsible for

maintenance of luteal function suggest that LH is luteotropic.
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Table 3. Luteal Characteristics of Estradiol Treated Ewes as
Modified by LH'

Means
Luteal Progesterone Progesterone

Weight Content Concentration
(mg) (lag) (p.gigm)

Control 583a583 1 2. 2a 21. 7a

1 7p- estradiol 233
b 0. 8

b
3. 6

b

1 7p- estradiol + LH 486a 7. 9
a , b 10. 4 b

Error mean square 5790 39 37

500 Fig estradiol on each of days 10 and 11, 2 mg LH on days 9
through 1 3 of the cycle.

Means of each luteal characteristic not having an identical super-
script are significantly different (P < .05).

Perfusion of the ovine ovary in situ with LH during mid-cycle causes

an increase in the amount of luteal progesterone released into the

ovarian veins (Domanski et al., 1967). Treatment of hypophysecto-

mized ewes with crude LH prevents luteal regression (Kaltenba,jn

et al., 1968b) whereas injection of ewes with antibovine LH during

the estrous cycle causes the corpus luteum to regress (Fuller and

Hansel, 1970). The data of this experiment indicate that LH injected

into ewes on day 9 through 1 3 of the cycle can prevent complete luteal

regression induced by estradiol injected on days 10 and 11. Treat-

ment of ewes with LH, however, appeared unable to entirely over-

come the detrimental effect of injected estradiol on luteal progesterone



39

content and concentration suggesting that the function of these corpora

lutea may have been subnormal. Failure of LH in this study to

counteract completely the effects of exogenous estradiol on luteal func-

tion may have been due in part to the route and frequency of adminis-

tration of the gonadotropin.

Experiment IV
Serum LH Levels and Luteal Weight in Ewes Following a

Single Injection of Estradiol

None of the animals exhibited behavioral estrus following estra-

diol treatment. One animal ovulated following treatment on day four

as indicated by the presence of a new corpus luteum at autopsy. Mean

luteal weights are shown in Table 4. As expected, the corpora lutea

were significantly heavier on day 13 than on day 6 of the cycle. Treat-

ment with estradiol failed to significantly affect corpus luteum weight.

Luteal weight for each ewe on day 6 of the treatment cycle, however,

exceeded that observed on day 6 of the control cycle, whereas injec-

tion of estradiol into ewes on day 11 of the cycle tended to reduce

luteal weight. Two of the four ewes on day 13 had regressing corpora

lutea.

The changes in serum LH concentration of ewes in estrus are

shown in Figure 1. In one animal the LH peak was not observed and

in a second animal, the initial sample was high in LH and presumably

near the peak. Since animals were checked for estrus at 12 hour
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Figure 1. Serum LH concentration of ewes in estrus. Peaks ranging
from 62-103 ng/m1 were noticed in 3 ewes. LH in the
initial sample was near the peak in one ewe and was not
detected in the serum from another ewe.



41

Table 4. Effect of Estradiol Treatment on Mean Corpus Luteum
Weight

Group

Day of Cyclea
6 13

Number of
Ewes

CL weight
(mg)

Number of
Ewes

CL weight
(mg)

Control

Treatmentb

4

4

315±22

393±41

4

4

520±52

464c±72

Day of cycle P< 0.05
b750p,g of 17p-estradiol injected 2 days prior to observing CLcRegressing CL averaging 343 mg in two ewes.

intervals the first sample could have been drawn close to 12 hours

after the onset of estrus. This may explain the failure to find rising

LH levels in the two ewes. In the other animals, a rise and fall in

LH concentration was observed with maximum levels ranging from

62-103 ng/ml. Following the LH peaks stable baseline values of

2-3 ng /ml were maintained.

The effect of estradiol treatment on day four on LH levels is

shown in Figure 2. A rise in serum LH concentration occurring 16-

20 hours after estradiol injection was observed in each of the ewes.

Peak levels varied from 7. 2- 21 . 0 ng/ml. The short duration of

elevated LH levels was similar to that observed in ewes at estrus.

The administration of 750 p.g of estradiol to ewes on day 11

produced no marked changes in LH levels (Figure 3). Although LH

levels fluctuated somewhat beginning at 16 hours after estradiol
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Hours after estradiol

Figure 2. Serum LH concentration in ewes following estradiol
injection on day 4. A rise in serum LH ranging from
7. 2-21.0 ng/ml was observed in each ewe 16-20 hours
after the administration of 750 1.1.g of estradiol.
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Figure 3. Serum LH concentration in ewes following estradiol
injection on day 11. No marked changes in serum LH
were observed in 4 ewes after the administration of
750 of estradiol. In a single ewe injected with 2 mg
of estradiol ( ) a rise in serum LH to 16.2 ng/ml
at 19 hours post-injection was noted.
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injection, the highest levels observed were only about twice the base-

line levels. In the single ewe treated with 2 mg of estradiol on day 11,

a rise in serum LH to 16.2 ng/ml at 19 hours post-injection was

noted. In the present experiment, changes in serum LH following

injection of ewes with estradiol on days 4 and 11 were similar to those

reported by Bolt et al. (1970). They found peak LH values averaging

26 ng/ml following administration of 1 mg of estradiol on day 3 of

the cycle but observed elevated LH levels in only one of six ewes

receiving the same dose of estradiol on day 10. The serum LH levels

following estradiol administration on day 3 in the previous study (Bolt

et al., 1970) and day 4 in the present study were far less than the

levels observed at estrus.

The difference in the dose of estradiol required to release LH

on day 3 or 4 of the cycle in ewes and the effect of the stage of the

cycle on the amount of LH released with a given dose level of estra-

diol suggest that progesterone levels may determine the effectiveness

of estradiol in bringing about a discharge of LH from the pituitary

gland. Pituitary LH concentration is several fold higher at day 11

than at day 3 of the cycle (Roche et al., 1970), yet at this time when

progesterone levels are high (Stabenfeldt, Holt and Ewing, 1969) the

elevated level of gonadotropin is more resistant to release by estro-

gen.

The effectiveness of estradiol in causing early luteal regression
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also varies with the stage of the cycle. One or two injections of

estradiol into ewes cause early luteal regression if injected after mid-

cycle but this treatment does not produce the same effect at earlier

stages of the cycle (Hawk and Bolt, 1970; Bolt and Hawk, 1970). In

the current study, 750 1.1.g of estradiol injected into ewes on day 4

tended to increase luteal weight whereas treatment of ewes with the

same dose on day 11 caused luteal regression in two of four ewes.

This paradoxical effect of injected estradiol on the corpus luteum

may be related to the different ratios of LH to estradiol produced at

each stage of the cycle. The delayed regression of the corpus luteum

following destruction of follicles by cautery (Ginther, 1970) and the

reduced amount of infused LH required to prolong maintenance of the

corpus luteum in the absence of follicles (Kars0h et al., 1970),

further suggests that the life span of the corpus luteum may be deter-

mined in part by the balance between the luteolytic levels of estrogen

and the luteotropic levels of LH. The luteotropic effect of the LH

released by estrogen treatment in the early stages of the cycle may

explain the inability of estrogen to exert its luteolytic effect at this

time of the cycle. Although it would appear that LH release could

be induced at later stages of the cycle, the increased amount of estro-

gen required and the relatively small release of LH obtained probably

could not be expected to produce a ratio of luteotropic LH to luteolytic

estrogen compatible with corpus luteum maintenance.
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Experiment V
Estradiol Inhibition of in vitro Conversion of Pregnenolone-

4-1 4C to Progesterone by Ovine Luteal Slices

The effect of estradiol in vitro on net incorporation of pregneno-

lone-4-1 4C into progesterone by ovine luteal slices is presented in

Table 6. Luteal slices of ewes on day 6 of the estrous cycle converted

more labeled pregnenolone to progesterone than luteal slices of ewes

on day 1 3 of the cycle (P < . 05). Addition of estradiol to the incuba-

tion medium inhibited the conversion of labeled pregnenolone to pro-

gesterone by luteal slices at both stages of the cycle studied (P <. 01),

particularly at the highest concentration of estradiol (10 µg /ml).

There was no statistically significant effect of the stage of the cycle

or estradiol on mass of luteal progesterone synthesized (µg /gm) al-

though there was a tendency for the mass of luteal progesterone syn-

thesized to be lower in the flasks containing the highest concentration

of estradiol.

Injection of 17(3 - estradiol into ewes on day 5 or each of days 11

and 1 2 of the estrous cycle reduces the luteal progesterone content

and concentration (Howland et al., 1968; Stormshak et al., 1969).

Addition of a synthetic estrogen, diethylstilbesterol, to incubation

medium containing bovine luteal slices interferes with in vitro pro-

gesterone synthesis (Masaracchia and Gawienowski, 1969). The

mechanism(s) by which 173- estradiol interferes with luteal



Table 5. Ratio of 14C/3H Progesterone After Recrystallizationa

Day of
Cycle Treatment

First
Crystallization

1 4C/3H

Second
Crystallization

1 4C/3H

Third
Crystallization

1 4C/3H

6

13

Unincubated

Incubated

Incubated + 0. 3 p.g estradiol/ml
Incubated + 1. 0 p.g estradiol/ml

Incubated + 10.0 p.g estradiol/ml

Unincubated

Incubated

Incubated + 0. 3 p.g estradiol/ml

Incubated + 1.0 p.g estradiol/ml
Incubated + 10.0 p.g estradiol/ml

0. 12

1.21

1.18

1, 20

0. 92

0. 19

1. 19

1.22

1.18

0.94

0.11

1.23

1.22

1, 19

0. 93

0. 19

1.31

1. 23

1.19

0.92

0.11

1.23
1.20

1, 23

0. 92

0.21

1. 32

1. 29

1.24
0.89

a Progesterone-1, 2-3H (455 x 103 dpm) was added to each pooled sample prior to first crystallization.



Table 6. Effect of Estradiol in vitro on Net Conversion of Pregnenolone-4- 14C to Progesterone by
Ovine Luteal Slices

Day of Cycle
6 13

Mean Progesterone Mean Prog.sterone
Treatment Progesterone Concentration Progesterone Concentration

Specific Specific
Activity Activity

dpm x 10.5 ip.g p, g / g m dpm x 1 0 -5 /11g µg /gm

Incubated 41.23 54 22.05 62

Incubated + 0.3 ii,g estradiol/ml 36.65 65 22.63 60

Incubated + 1.0 [ig estradiol/ml 38.15 55 21.38 57

Incubated + 10.0 p.g estradiol/ml 30.33 46 15.00 47

Day of cycle, dpm/p.g, P< .05

Estradiol, dpm/p.g, P < .01
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progesterone synthesis is unknown. 1 7p-estradiol has been demon-

strated to be a potent in vitro inhibitor of the enzyme A5- 313- hydroxy-

steroid dehydrogenase (Talalay and Marcus, 1956; Talalay, 1963;

Goldman, 1967). This enzyme is present in the lutein cells of the

ewe (Deane et al., 1966) and converts pregnenolone to progesterone.

The data of the present experiment suggest that 17p-estradiol may

reduce progesterone synthesis by luteal slices of the ewe through

direct inhibition of the enzyme A5- 313-hydroxysteroid dehydrogenase

(3p-HSD). On the other hand, 17 p-estradiol may act to limit the

levels of some cofactor essential for enzyme activity or perhaps even

interfere with the synthesis of 3p-HSD in the luteal cell.

Data of this study also suggest that more enzyme, cofactor or

both were present in luteal cells of ewes on day 6 as compared to luteal

cells of ewes on day 1 3 of the cycle. The first sign of luteal regres-

sion in the ewe, alterations in the size and density of mitochondria,

appear on day 1 2 of the estrous cycle (Deane et al., 1966). Deane

et al., (1966) also noticed an association of 3p-HSD activity with the

decline in secretory activity of the corpus luteum and a decline in

progesterone synthesis concomitant with changes in luteal mitochon-

dria. Since mitochondria are thought to provide required energy for

several of the steps in steroid biosynthesis (Arvy and Mauleon, 1964),

and are even capable of converting exogenous labeled cholesterol into

progesterone (Jackanicz and Armstrong, 1967), the detected
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mitochondrial changes in lutein cells may at least in part reflect a

change in the level of luteal 3p-HSD.
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