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Introduction 

A complex series of events occur in the female 

reproductive tract which are ·regulated by estrogen •nd 

progesterone. Estrogen, from the developing .follicle, is 

known to cause cellular proliferation in the vagina ~nd· 

endometrium and tri·gger the gonadotropin surge. Progesterone 

is best known for its promotion of the secretory changes in 

the endometrium to enable implantation of the fertilized egg 

·and inhibition of uterine contractility. Recent evidence, 

however, has shown that progesterone has other roles in the 

reproductive functioning of the rat: a). the release of 

luteinizing hormone (LH) and follicle-stimulating hormone 

(FSH) and b) regulation of prolactin secretion which in turn 

regulates corpus luteum function during early pregnancy. 

It is well established that estrogen is the primary 

trigger in the gonadotropin surge, however the importance of 

progesterone has only recently been established.· The role 

of the ovary in progesterone production has been extensively 

demonstr•ted, yet the involvement of the adrenal is less 

understood. The source of progesterone and its importance 

just before ~he preovulatory increase in LH on proestrus is 

not clearly understood. Furthermore, progesterone_ is 

metabolized extensively in the body and substantial 

1 
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quantities of progesterone metabolites are present in 

ovarian vein blood on proestrus (Ichikawa. et al., 1971, 

1974; Holzhauer, 1975). Progesterone metabolism also takes 

place in the pituitary as well as the hypothalamus (Cheng 

and Karavolas, 1973; Robinson and Karavolas, 1973; Tabei et 

al., 1974; Nowak, et al., 1976,; Krause et al., 1981). A 

few of the progesterone metabolites have been· tested for 

follicle-stimulating hormone (FSH}, luteinizing hormone (LH) 

and prolactin (PRL) modulating activity while the activity 

of other metabolites is not known (Murphy and Mahesh, 

1984a,b). Progesterone and its metabolites have been shown 

to bind to a variety of receptors, most notably the 

progesterone and GABAA receptor (Kato et al., 1978; Strott, 

1974; Kato and Onouchi, 1977; Iswari et al., 1986; Saffran 

et al., 1978; Majewska et al, 1986; Callahan et al., 1987), 

htiwever the question of whether the metabolism of 

progesterone is necessary for its biological action remains 

unsettled. 

The aims of this research are as follows! 

Specific Aim #1 

To determine if the adrenal could be a source of 

steroids that regulate the gonadotropin surge. 

Classically, the steroids involved in regulating 

ovarian function are considered to be only.of ovarian origin 

and are therefore branded "sex steroids." Several reports 
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in the literature have already demonstrated an involvement 

of the adrenal gland in the repro9uctive system. 

Corticotropin releasing hormone (CRH), ACTH and 

corticosterone have been found to be elevated on proestrus 

(Raps et al., 1970; Buckingham et al., 1978; Bohler et al., 

1990). Kalra and Kalra (1974, 1977) have shown that in the 

cycling rat, a rise in progesterone occurs at 1400h on 

proestrus while serum LH levels are still basal . 

. Adrenalectomy before day 25 delays the induction of puberty 

in the rat and is restored with the administration of 

corticosterone (Gelato et al., 1978)._ The critical period 

of the LH release is prolonged in cycling, adrenalectomized 

rats maintained on physiological saline for 12-15 days and 

their cycle length becomes less predictable. It was 

suggested from their study that the adrenal gland is 

involved in synchronizing the preovulatory release of 

gonadotropins {Mann et al. 1975). The present study was 

carried out by acute administration of ACTHl-39 to an 

estrogen-primed animal model previously proven to release LH 

and FSH in response to acute injections of progesterone and 

certain corticosteroids. Additionally, the specificity of 

ACTH was tested by examining.the effect of the peptides, a

rnelanocyte stimulating hormone and ACTH 4-10 upon _the 

release of LH, FSH and the adrenal steroids, progesterone 

and corticosterone. 
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Specific Aim #2 

To determine if progesterone metabolites are able to 

antagonize.estrogen-induced prolactin release. 

Prolactin is well documented to regulate ovarian 

steroidogenic enzymes, increase LH receptors in the 

follicle, enhatice the ovarian pr6duction of piogesterone and 

regulate corpus luteum function during early pregnancy 

(Richards and Williams, 1976; ·aibori et· al., 1979; 

~orrington and Gore-Langton 1981,1982). 

Several progesterone metabolites were chosen for these 

studies based upon the structural alterations s~en during 

the metabolism of progesterone. As shown in Fig. 1, 

progesterone can be metabolized by-either 20a-reductase or 

20B-reductase to yield 20a-hydroxy-4-~regnen-3-one and 20B

hydroxy-4-pregnen-3-one. Progesterone also has a Sa-reduced 

form, 5a-pregnan~3,20-dione, which can be reduced further by 

3a-hydroxysteroid dehydrogenase and 3B-hydroxy steroid 

dehjdrogenase to yield 3a-hydroxy-Sa-pregnan-20-one and 3B

hydroxy-Sa-pregnan-20-one. These steroids can be further 

acted upon by 20a-reductase and 20B-reductase. These· 

pathways of metabolism collectively yield 12 metabolites. 

Of these 12 metabolites, .8 were av~ilable for study and 

their structures are presented in Figure 1. In addition to 

the above mentioned 7 metabolites of progeste~one wi~h Sa

and/or 20-reduction, three metabolites arisirig from the SB-
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reduction of progesterone shown in Figure 2 were also 

.available for study. Thus, the following metabolites were 

tested in an ovariectomized, estrogen-primed animal model in 

whi~h progesterone has been shown to 

estrogen-induced prolactin release. 

20a-hydroxy-4-pregnen-3-one 
20B-hydroxy-4-pregnen-3-one 
Sa-pregnane-3,20-dione 
3a-hydroxy-5a-pregnan-20-one 
2Oa-hydroxy-5a-pregnan-3-one 
5a-pregnan-3a,20a-diol 
3B-hydroxy-5a-pregnan-20-one 
5B-pregnane-3,20-dione 
3a-hydroxy-5B-pregnan-20-one 
3B-hydroxy-5B-pregnan-20-one 

Specific Aim #3 

antagonize the 

To determine if progesterone metabolites, other than 

Sa-dihydroprogesterone and 3a-hydroxy-Sa-pregnan-20-one are 

active in the release of LH and FSH. 

The experiments in this section examined if the 

progesterone metabolites were able to alter the release of 

gonadotropins. in addition to their ability to influence 

estrogen-stimulated prolactin release. Based upon the cost 

of the metabolites as well as the cost of the animals, these 

four progesterone metabolites were chosen to be tested in an 

animal model previously shown to release gonadotropins in 

response to progesterone: 



F..LgLVL(?; 2 • Ma. j o.1t. 5 B-.1t.(?;du..c..e,d p.1t.o du..~ o-' _p.1t.o g e..-6.t.fL1t.o n.e, 
me.-t.a..bo~m. 

A - 5 B -.1t.fLdu..c..ttu· e, 

B - 3a.-hyd.1t.o~y ~.t.fL1t.o~d dfLhyd.1t.og~e, 
C - 3B-hyd.1Lo~y ~.t.fL1t.o..Ld dfLhyd.1t.og~e, 



CH3 
I 
C=O 

4-pregnene-3,20-dione 

SB-pregnane-3,20-dlone 

CH3 
I 
C=O 

.. 
HO 

H 

3a-hydroxy-5B-pregnan-20-one 3B-hydroxy-SB-pregnan-20-one 



3B-hydroxy-Sa-~regnan-20-one 
5B-pregnane-3,20-dione 
3B-hydroxy-5B-pregnan-20-one 
20a-hydroxy-4-pregnen-3-one 
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Since a new animal model was used, the effect of Sa-

pregnane-3,20-dione and 3a-hydroxy-5a-pregnan-20-one was 

restudied for comparison in this animal model. This aim 

compared the effect obtained by these two metabolites to a 

metabolite that combines a Sa-reduced progestin ·with a 3B

hydroxyl group as well as two. progesterone metabolites that 

were SB-reduced. Also, since 20a-hydroxy-4-pregnen-3-one 

has more affinity for Sa-reductase than progesterone, the 

effect of 20a-hydroxy-4-pregnen-3-one upon gonadotropin 

secretion was also explored. 

Specific Aim #4 

To determine if the Sa-reduction of progesterone is a 

prerequisite for progesterone-induced gonadotropin ielease. 

The Sa-reduction of progesterone is an irreversible 

reaction and has been found to be under ovarian steroid 

control (Cheng and Karavolas, 1975; Krause and ·Karavolas, 

1981; Krause et al., 1981). Two Sa-reduced progesterone 

metabolites, Sa-p~egnan-3,20-dione and 3a~hydroxy-Sa-

pregnan-20-one~ have been shown to be powerful modulators of 

FSH and LH release, respectively (Nuti and Karavolas, 1977; 

Zanisi and Martini, 1979; Murphy and Mahesh, 1984a,b). The 

levels of Sa-reductase are significantly elevated after 
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ovariectomy and are found to be highest on proestrus and 

early morning estrus in a cycling rat (Krause et al., 1981). 

To study the effect of Sa-reduction of progesterone, a 

potent progesterone Sa-reductase inhibitor, N,N-diethyl-4-

methyl-3-oxo-4-aza-5-androstane-17B-carboxamide was injecled 
' ' 

prior to progesterone in an ovariectomized, estrogen primed 

model and its effect on FSH arid LH release was determined. 

A Sa-reductase enzyme assay was performed in vitro on both 

pituitary and hypothalamic tissues to validate the 

effectiveness of the inhibitor in vivo. 

Specific Aim #5 

To determine which receptor system is mediating the 

effect of uterine contractility inhibition by progesterone 

and its metabolites. 

Recently, multiple receptor systems .such as 

progesterone and GABAA have ·been found to be active in the 

hypothalamic-pituitary control of gonadotropin release (Kato 

et al., 1978; Morrow et al., 1987; Callahan et al~, 1987; 

Gee et al., 1988). Also, certain progesterone metabolites 

have been reported to be even more potent than progesterone 

in inhibiting uterine contractility (Kubli-Garfias et al.,· 

1979: Kubli-Garfias, 1987). The following progestins were 

used 'in vitro with 

antagonist, RU486, 

either the ·progesterone receptor 

or the GABA& receptor antagonist, 
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picrotoxin, in order to determine which receptor system was 

mediating the effect of uterine contractility inhibition: 

4-pregnene-3,20-dione 
3a-hydroxy-5a-pregnan-20-one 
SB-pregnane-3,20-dione 
3a-hydroxy-5B-pregnan-20-one 
3B-hydroxy-5B-pregnan-20-one 



REVIEW OF RELATED LITERATURE · 

I. AN OVERVIEW - ACTIONS OF PROGESTERONE IN THE 

REPRODUCTIVE SYSTEM 

-The ability of preovulatory progesterone to modulate 

gonadotropin secretion and thus lead to ovulation is the 

premier event which must occur before any other 

reproductive action of progesterone is necessary. 

Reproductive endocrinologists face two major issues today, 

population control and infertility. A complete 

understanding of the mechanisms which regulate the release 

of preovulatory LH and FSH is thus of critical importance 

to attack these problems. In brief, LHRH is released from 

the hypothalamus into the hypothalamic-hypophyseal portal 

system and stimulates the anterior pituitary to release the 

gonadotropins, luteinizing hormone (LH) and follicle

stimulating hormone (FSH). These two hormones ultimately 

act upon the ovary to develop an immature follicle into the 

dominant follicle that will undergo ovulation. 

Intriguingly, the secretion of estradiol from the maturing 

follicle is the signal by which the ovary itself can 

control the release of both LH and FSH from the anterior 

pituitary, thus regulating the maturation of the maturing 

dominant follicle. While progesterone is not necessary for 

11 
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the preovulatory release of gonadptropins, the presence of 

preovulatory progesterone and, possibl_y, progesterone 

metabolites has been shown to be necessary for the full 

manifestation of the release of both LH and FSH. 

The corpus luteum secretes large amounts of 

progesterone after ovulation under the control of the 

anterior pituitary hormone, prolactin (PRL). 

Interestingly, estrogen-stimulated PRL release has been 

shown to be antagonized by progesterone. This may prove to 

be an engaging feedback mechanism by which prog~sterone 

and, possibly, progesterone metabolites are able to 

regulate their own production through the corpus luteum. 

The most widely observed role for progesterone has 

been the promotion of secretory changes of the endometrium 

and the preparation of the uterus for implantation of the 

fertilized egg. Progesterone and its metabolites have also 

been shown to inhibit the contractility of the estrogen

primed uterus to guard against expulsion of the developing 

fetus. 

II. THE ROLE ·oF ESTROGENS IN THE OVULATORY SURGE OF 

GONADOTROPINS 

Estrogen, from the developing follicle is known to be 

the primary trigger for the preovulatory release of LH and 

_FSH. Estrogen induces progesterone receptors, increases 

the release of LHRH and enhances the pituitary's 
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LHRH (O'Malley et al., 1971; Yen et al., 1972; Jaffe and 

Keye, 1974; Greeley et al. 1975a; McPherson et al, 1975; 

Turgeon and Barraclough, 1977; McPherson and Mahesh 1979; 

Clayton et al., 1980). In classical steroid hormone. 

theory, the steroid diffuses from the circulation into ·the 

dell whereupon it binds to a receptor. This hormone

receptor coupling results in an activated complex which has 

high affinity for chromatin acceptor sites of the DNA 

(Jensen and DeSombre,1972). Steroid mediation of specific 

cellular events is the result of the interaction of the 

activated co~plex with DNA. The increase in pituitary 

sensitivity to LHRH on proestrus corresponds to a nuclear 

accumulation of estrogen receptor-hormone complex in both 

the pituitary and the hypothalamus (Greeley et al., 1975b); 

this accumulation also occurs during and after the onset of 

puberty and in immature, PMSG-primed rats (Parker et al., 

1976; Parker and Mahesh, 1976). 

The positive 

release of LH and 

feedback 

FSH has 

effect 

been 

of estrogen upon the 

convincingly shown by 

several investigators and appears_ to be mediated through an 

increase in the synthesis of LHRH as well as an increase in 

the sensitivity of the pituitary responsiveness to LHRH 

(Jaffe and Key, 1974; Greeley et al., 1975a; Clayton et 

al., 1980).. Administration of estrogen antibodies and 

estiogen antagonists abolished the r~l~ase of gonadotropins 
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(Feri_n et al., 19~9; Labhs~twar~ 1970; Yamaji et al., 

1971). Also, ovariectomy before proestrus in rats, 

hamsters and sheep resulted in a loss of gonadotropin 

secretion that was partially restored with estrogen 

administration (Brom and Schwartz, 1968; Goding, et al., 

1969; Golden et al., 1971; Legan et al., 1975). The su~ge 

induced in ovariectomized rats by estrogen replacement was 

not of the same magnitude or as finely tuned as that for 

the intact, cycling rat. Interestingly, when adrenalectomy 

and ovariectomy were performed on. cycling rats, estrogen 

replacement was not able to reinstate a release of 

gonadotropins (Mann et al~, 1975). 

The negative f$edback mechanism of estrogen was 

unquestionably demonstrated -by experiments in which 

elevated levels of 'LH and FSH, brought about by 

ovariectomy, were significantly suppressed by the 

administration of estrogens (Mahesh et al., 1972; Eldridge 

et al., 1974). An interesti~g finding was that FSH rose 

much more rapidly after ovariectomy than did LH (Zanisi and 

Martini,- 1975;1979). The administration- of estrogens 

brought about .a decrease of both LH and FSH., however, the 

suppression of LH was much more rapid. Interesting studies 

on the post-castrational rise of gonadotropins showed a 

divergence in the suppression of LH and FSH when various 

synthetic estrogens were used (McPherson et al., 1974; 
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Uberoi et al., 1985). These results indicate a 

differential control in the regulation of LH and FSH in the 

absence of gonadal peptides. Several studies further 

implicate the negative feedback effect of estrogen in the 

release of LH and FSH. When estradiol implants were 

inserted in the hypothalamus, there was a decrease in the 

post-castrational rise of LH and FSH (Kalra and Kalra, 

1980). Estradiol also decreased the expression of pro-GnRH 

rnRNA that was induced by ovariectomy (Toranzo et al., 

1989). The effect of estradiol upon the pituitary 

sensitivity to LHRH has been shown by several investigators 

in pituitary cell cultures (Frawley and Neill, 1984; Moll 

and Rosenfield, 1984; Emons et al., 1987). 

Estrogen is known to be the primary trigger _for the 

preovulatory surge of gonadotropins and yet, removal of the 

ovaries on proestrus does not block the gonadotropin surge 

(Ashiru and Blake, 1980). In fact, a decrease in serum 

estradiol levels is necessary for full manifestation of the 

preovulatory surge (Turgeon and Barraclough, 1977; Turgeon, 

1979). Proestrous estrogen levels fall dramatically in the 

afternoon just prior to the preovulatory gonadotropin 

surge. Turgeon (1979) has shown that elevated levels of 

estradiol maintained throughout ~he afternoon of proestrus 

by silastic implants prevent the full release of both LH 

and FSH. 
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III. THE ROLE OF PROGESTERONE IN THE OVULATORY SURGE OF 

GONADOTROPINS 

·The effects 

secretion depend 

of progesterone upon gonadotropin 

upon both the time of administration ·and 

the dose administered. When progesterone was·administered 

early on proestrus, prior to the preovulatory surge, it 

stimulated LH and FSH release; progesterone at times 

earlier than· this inhibited gonadotropin release and 

ovulation (Everett, 1948}. McPherson and Mahesh (1975; 

1979) have shown that progesterone has a biphasic effect on 

gonadotropin:release depending upon the dose. DePaulo and 

Barraclough (1979) confirmed these findings in a similar 

animal model of estrog~n~primed, ovariectomized adult rats. 

This effect of progesterone also bccurred in cultured 

pituitary cells whereby acute exposure to progesterone (<6 

hours) was stimulatory and chronic exposure (>12 hours) was 

inhibitory to the release of gonadotropins (Krey and Kamel, 

1990) . 

Elevated levels -of progesterone are present in the 

serum at least 2 hours prior to the preovulatory LH rise in 

both rats and humans (Shaikh and Shaikh, 1974; Kalra and 

Kalra, 1979). The importance of preovulatory progesterone 

was strengthened by .the demonstration that RU486, the 

potent progesterone antagonist, could attenuate the release 

of LH and FSH and decrease the number of ova per ovulating 
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rat when administered prior to the preovulatory surge in a 

·cycling and PMSG-primed rat (Rao and Mahesh, 1986). 

The source of the preovulatory progesterone has been 

under considerable scrutiny. It is well known that the 

ovary is a major source of progesterone. However, several 

reports suggest that adrenal gland progesterone may play an 

important role in the preovulatory release· of 

gonadotropins. Corticotropic releasing factor (CRF) as 

well as adrenocorticotropic hormone (ACTH) are elevated on 

proestrus and the adrenal gland, under the control of ACTH, 

releases considerable ievels of both progesterone and 

corticosterone at this time in the cycle (Feder and Ruf, 

1969; Resko, 1969; Ogle and Kitay, 1976; Bohler et al., 

1990). This implies an important physiological role for 

the adrenal gland as a source of preovulatory progesterone. 

Shaikh and· Shaikh (1974) demonstrated that ovarian vein 

progesterone levels were elevated only after the 

preovulatory gonadotropins surge. The levels of adrenal 

vein progesterone, however, were elevated throughout the 

aftern6on of proestrus before the preovulatory release of 

LH and. FSH. Adrenalectomy before day 25 delays the 

induction of puberty in the rat and is restored with the 

ad~inistration of corticosterone (Gelato et al., 1978). 

When a cycling rat is adrenalectomized, it will continue to 

cycle, however the cycles are irregular; progesterone 
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replacement will restore the synchronicity of the cycle 

(Mann et al., 1975). Long term stress has been shown to be 

inhibitory upon the reproductive cycle of the · rat 

(Christian et al., 1965; Christian, 19j1 ). A regimen of 

chronic ACTH administration is also inhibitory upon the 

release of gonadotropins (MacFarland and _Mann, 1977; Cohen 

and Manri, 1979; Mann et al., .1982) in both intact and 

ovariectomized non-estrogen primed rats. In contrast, 

.Brann et al., (1990} demonstrated that acute injections of 

progesterone, as well as corticoids, are able to stimulate 

the release· of LH and FSH in immature, ovariectomized, 

estrogen-primed rats; this effect is not observed in non

estrogen primed tats thereby indicating an action mediated 

through the progesterone receptor. This is in agreement 

with in vivo studies in which acute stress, such as sham 

ovariectomy on early proestrus enhances the release of LH 

and FSH (Lawton, 1972) and in vitro studies where 

corticosteroids have a ·direct stimulatory effect on the 

release of LH and FSH in pituitary cell cultures (Suter and 

Schwartz, 1985; Kamel and Kubajak, 19~7).· 

IV. POSSIBLE MECHANISMS OF PROGESTERONE .ACTION ON

GONADOTROPIN RELEASE 

Recently, the ability of progesterone to deplete 

occupied, nuclear estrogen receptors in the pituitary has 

been demonstrated both in vivo and in vitro (Smanik et al., 
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1983; Calderon et al., 1986). Calderon et al. (1987) and 

Brann et al. (1989) demonstrated the biological relevance 

of this depletion by ~bowing a corresponding loss of 

estrogen-induced progesterone r~ceptors as well as estrogen 

stimulated prolactin release when progesterone was 

administered. These effects of progesterone were 

ineffective without appropriate estrogen p~iming suggesting 

proge~terone receptor mediation. One possible explanation 

for the antagonistic effect of p~ogesterone on estrogen 

action is through regulation of 17B-hydroxysteroid 

dehydrogenase (17B-HSD). 17B-HSD converts 17B-estradiol, 

which has high affinity for the estrogen receptor, to 

estrone, which has a mu~h lower affinity for the estrogen -

receptor .. The nuclear._ retention time for the estrone

receptor complex is greatly decreased, .resulting in an 

diminished expression of estrogenic action (Gurpide, 1983}. 

Progesterone has been shown to rapidly increase 17B-HSD. 

activity in the anterior pituitary in the rat (El Ayat and 

Mahesh, 1984). Interestingly, in studies wh~re 

ethinylestradiol (which cannot .be oxidized -to estrone by 

17B-HSD) was administered as the priming estrogeri to 

ovariectomized rats, no decrease in pituitary nuclear 

occupied _estrogen receptors after progesterone 

administration was observed (Fuentes, 1990). 
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Another mechanism by which progesterone may act upon 

gonadotropin release is by altering the release of LHRH. 

In ovariectomized, estrogen-primed rats, a stimulatory dose 

of progesterone, elevates both plasma and· medial basal 

hypothalamic LHRH concentrations; this increase directly 

preceded the release of LH (Peduto and Mahesh,1985). A 

dose of progesterone which had no effect upon the release 

of LH, also elicited no change in either serum or medial 

basal hypothalamic LHRH. Progesterone administration has 

also been shown to significantly elevate LHRH mRNA levels 

in the MBH-POA (Kim et al.,1989). Curiously, no receptors 

for progesterone have been found on LHRH secreting neurons 

(Fox et al., 1990), therefore other mechanisms, such as the 

involvement of neurotransmitters must be considered for the 

stimulatory action of progesterone upon the release of 

LHRH. 

A third way by which progesterone may affect the 

availability of LHRH to the pituitary is by altering the 

degradation of LHRH. A fluctuation of LHRH degradating 

activity has been observed in the esttous cycle with a 

decrease in activity at the time of the LH surge (Advis et 

al., 1982; O'Conner et al., 1985; Lapp and O'Conner, 1986} 

as well as in progesterone-induced LH release (Advis et 

al., 1983). It has also been conclusively.demonstrated in 

ovariectomized, estrogen-primed rats that progesterone 



21 

suppresses both serum and hypothalamic LHRH degrading 

activity at the time of the preovulatory surge of 

gonadotropins (O'Conner and Mahesh, 1988). 

V. PROGESTERONE METABOLITES AND GONADOTROPIN SECRETION 

Several progesterone metabolites have been isolated in 

ovarian vein, adrenal vein and peripheral blood and 

elevated levels of these progesterone metabolites are seen 

on proestrus and estrus (Ichikawa, 1971; 1974; Holzhauer, 

1975). Additionally, progesterone is found to be 

metabolized in 

20B-reductase, 

hydroxysteroid 

dehydrogenase 

neuroendocrine tissues by 20a-reductase, 

Sa-reductase, SB-reductase, 3a-

dehydrogenase and 

(Cheng and Karavolas, 

3B-hydroxy steroid 

1973; Tabei et al., 

1974; Nowak and Karavolas, 1974a; 1974b; Stupnicka et al., 

1977; Krause et al., 1981; Hutchinson and Steimer, 1984). 

The regulation of Sa-reductase has been the most 

extensibly studied of all the enzymes which metabolize 

progesterone. This enzyme has been observed in 

hypothalamic, pituitary, ·cortex and uterine tissues ( Tabei 

et al., 1974; Cheng et al., 1975a; Cheng et al., 1975b). 

5a-reductase is an NADPH-linked enzyme which catalyzes an 

irreversible reduction of progesterone (Cheng et al., 1975; 

cheng and Karavolas, 1975; Krause and Karavolas, 1980; 

Krause and Karavolas, 1981). The affinity of the pituitary 

and hypothalamic Sa-reductase, is highest for 20a-hydroxy-
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4-pregnen-3-one when compared to progesterone as determined 

by in vitro studies; testosterone is metabolized in vitro 

by female reproductive tissues however the metabolism is 

negligible when compared to progestins (Cheng and 

Karavolas, 1975a; Cheng and Karavolas, 1975b). Pituitary 

Sa-reductase is significantly elevated on ·proestrus and 

estrus and median eminence Sa-reductase is significantly 

elevated when compared to other hypothalamic regions on all 

days of the cycle except on estrus. The imp~rtance of the 

ovary is further strengthened by significantly elevated 

levels of Sa-reductase in the pituitary after ovariectomy. 

These levels of Sa-reductase were significantly decreased 

although not to intact levels .after estrogen replacement 

(Krause, et al., 1981). The observation that progesterone 

metabolizing enzymes were regulated by ovarian steroids led 

to the work by Murphy and Mahesh and others which examined 

the ability of progesterone metabolites to modulate 

gonadotropin secretion. The progesterone metabolite, Sa

pregnane-3,20-dione, was shown to selectively release FSH 

(Murphy and Mahesh, 1984a) and 3a-hydroxy-Sa-pregnan-20-one 

was shown to selectively release· LH from the anterior 

pituitary (Murphy and Mahesh, 1984b; Brann et al., 1990). 

Also, both Sa-pregnane-3,20-dione and 5B-pregnane-3,20-

dione facilitate ovulation in PMSG treated rats (Sanyal and 

Todd, 1972). In rats that received ethinylestradiol 
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the median eminence, both 3a-hydroxy-5a-

pregnan-20-one and 3B-hydroxy-5a-pregnan-20-one increased 

LH and FSH release (Zanisi and Martini, 1979). 3B-hydroxy-

5B-pregnan-20-one has been shown to stimulate LHRH in vitro 

in superfused hypothalamic fragments. This effect required 

both estrogen priming and a pulsatile mode of 

admfnistration. 3a-hydroxy-5B-pregnan-20-one and Sa

pregnane-3,20-dione were ineffective in releasing LHRH from 

hypothalamic fragments and fn vivo experiments utilizing 

the push-pull cannula confirmed these LHRH releasing 

effects (Park and Ramirez, 1987). Several other in vitro 

studies have shown that Sa-reduced metabolites are able to 

elevate basal gonadotropin levels as well as LHRH

stimulated gonadotropin release comparable to results seen 

with progesterone (Schally et al., 1973; Battmann et al., 

1989; Wood and Wiebe, 1989). 

Another series of progesterone metabolites which act 

on gonadotropin secretion that have received considerable 

attention are the 20a-reduced progestins. Both 

progesterone and 20a-hydroxy-4-pregnan-3-one levels rise on 

proestrus and levels of 20a-hydroxy-4-pregnen-3-one 

actually peak 3-5 times higher than progesterone (Nequin et 

al., 1979). While 20a-hydroxy-4-pregnan-3-one is less 

effective than 

gonadotropins, 

progesterone- in 

these compounds 

inducing 

together 

a release of 

may have a 
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synergistic effect upon the release of LH and FSH. The Sa

reduced metabolites of 20a-hydroxy-4-pregnen-3-one, 20a

hydroxy-Sa-pregnan-3-one and Sa-pregnan-3a,20a-diol had 

little·or no effect upon the release of gonadotropins 

suggesting that metabolism of this progestiri may serve as a 

biological regulator of serum 20a-hydroxy-4-pregnen-3-one 

concentrations (Gilles and Karavolas, 1981a). Further 

emphasis for this point is the demonstration that while 20-

hydroxy-4-pregnen-3-one can induce ovulation in PMSG-primed 

rats, neither Sa-reduced metabolite of 20a-hydroxy-4-

pregnen~3-one was effective in inducing ovulation (Gilles 

and Karavolas, 1981b). Tang and Spies (1975) have shown 

that 20a-hydroxy~4-pregnen-3-one inhibited basal FSH 

release and augmented LHRH-induced LH secretion in 

pituitary monolayer cultures in rat pituitary. 

Recent work by Majewska et al., (1985) revealed that 

one Sa-reduced progestin, 3a-hydroxy-Sa-pregnan-20-one is a 

potent agonist of GABA, the major inhibitory 

neurotransmitter in neuroendocrine tissues and binds to the 

GABAA receptor to induce a chloride ion influx. 

Interestingly, the ability of 3a-hydroxy-Sa-pregnan-20-one 

to selectively release LH is mediated.through the GABAA 

receptor and not the progesterone receptor system (Biann et 

al., 1990). Other studies have shown that other 

progesteron~ metabolites may bind to the GABAA receptor 
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(Harrisori et al., 1987; Gee et al., 1988). The 

reproductive importance of this r~lationship between 

progesterone metabolites and· the GABAa receptor has not 

been fully examined and warrants further study. 

VI. ROLE OF PROLACTIN IN CORPUS LUTEUM FUNCTION - EFFECTS 

OF PROGESTERONE 

Prolactin is well documented to regulate ovarian 

steroidogenic enzymes and increase the LH receptors in the 

follicle (Macdonald and Greep, 1968; Smith et al., 1975; 

Richards and Williams, 1976). Also, prolactin recept6rs 

are at the highest level in medium sized follicles and thus 

may facilitate the passage of medium sized follicles to 

more advanced stages of· follicular development (Richards, 

197 9) . 

The most intriguing role for prolactin, however, is 

its ability to regulate .the production of progesterone by 

the corpus luteum (Smith et al., 1975; Gibori et al., 

1979). The evidence that this estrogen stimulated 

prolactin reiease is so clearly antagonized-by progesterone 

(Brann et ·al., 1989) and possibly progesterone metabolites, 

sets the stage for a concise feedback mechanism whereby 

progesterone and its metabolites can control their own 

production by.the corpus luteurn. 
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VII. ROLE OF PROGESTERONE AND PROGESTERONE METABOLITES IN 

INHIBITING UTERINE CONTRACTILITY 

There is a wel 1 established role for progesterone ,in 

the facilitation of implantation of the fertilized ovum 

· through secretory.changes in the endometrium (Sanyal and 

Villee, 1973) and in the maintenance of pregnancy by both 

its immunosuppressive action (Clemens et al., 1979; Sitteri 

and Stites, 1982) as well as suppression of uterine 

contractility (Csapo and Pulkkinen, 1978; Csapo and Resch, 

197 9). 

After the· preovulatory ~elease of gonadotropins and 

subsequent ovulation, progesterone is necessary to provide 

a quiescent environment in the uterus for implantation of 

the fertilized ovum. The uterus possesses progesterone 

metabolizing enzymes (Tabei et al, 1974; Marrone and 

Karavolas, 1981; Marrone and Karavolas, 1982) and these 

metabolites. fluctuate significantly throughout the 

gestation period of the rat (Marrone and Karavolas, 1981). 

The blastocyst has also been shown to metabolize 

progesterone; this may play a role in the facilitation of 

implantation (Sanyal and Villee, 1973; ). Interestingly, 

THP has been found to accumulate in higher levels than any 

other progestin in_ the estrogen primed uterus (Karavolas et 

al., 1976; Karavolas et al., 1977). These observations 

correspond well with the recent report that many 
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progesterone metabolites· are more potent than progesterone 

in quieting uterine contractility_ in an even more potent 

manner than that. of progesterone (Csapo and Pulkkinen, 

1978; Csapo and Resch, 1979; Kubli-Garfias et al., 1979). 

In fact, SB-reduced metabolites are more potent than either 

progesterone· or Sa.;..reduced metabolites (Kub_l is-Garfias et 

al., 1979; Kubli-Garfias., 1987). 

The involvement of the GABAA receptor system in the 

control of uterine contractility- is yet to be fully 

defined. The presence of GABA, GABA-related enzymes and 

GABA binding sites, however, have been found in the uterus, 

oviduct, ovary and vagina in the rat as well as in the 

rabbit and the human (M~.rtin del Rio, 1981; Erdo., 1984; 

Louzan et al., 1986; Laszlo et al., 1989). The GABA system 

is also under ovarian control with the highe~t levels of 

GABA in the oviducts found during late diestrus and early 

morning proestrus (Martin del Rio, 1981; Louzan et al, 

1986) and the highest levels.of ovarian content found on 

estrus (Louzan et al., 1986). 



MATERIALS AND METHODS 

I. GENERAL METHODS 

A. Animals 

All experiments used female, Holtzman Virus-free rats 

(Harlan, Madison, WI). The rats were obtained at 24 days of 

age and were allowed to acclimate in temperature controlled 

rooms (22C), three rats per cage, with a light .schedule of 

14h light: 10h dark (lights on 0S00h); water and rat chow ad 

libitum. Ovariectomies or adrenalectomies were performed at 

26 days of age under ether anesthesia. 

B. Hormones and Chemicals 

Estradiol-17B,, progesterone, Sa-pregnane-3,20-dione, 

3a-hydroxy-Sa-pregnan-20-one, S-pregnene-3B,20a-diol, 3B

hydroxy-Sa-pregnan-20-one, 20a-hydroxy-Sa-pregnan-3-one, 5a

pregnan-3a,20a-diol, 3a-hydroxy-SB-pregnan-20-one, 3B

hydroxy-SB-pregnan-20-one, and 20B-hydroxy-4-pregnen-3-one 

were obtained from Steraloids Inc. (Wilton, NH). The 

compounds, 20a-hydroxy-4-pregnen-3-one, SB-pregnane-3,20-

dione and adrenocorticotropic hormone (ACTH) were obtained 

from Sigma (St. Louis, MO). 

All of the steroids were dissolved in 20% 

ethanol:saline vehicle for both subcutaneous {sc) as well 

as intraperitoneal (ip) injections. ACTH was diluted in a 

28 
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0.9% NaCl vehicle. The Sa-reductase inhibitor, N,N-diethyl-

4-rnethyl-3-oxo-4-aza-5-androstane-17B-carboxarnide, and the 

anti-progesterone and anti-glucocorticoid receptor 

antagonist, RU486, was generously provided by Merck, Sharpe 

and Dohme Laboratories (Rahway, NJ) and Roussel, UCLAF 

(Paris, France), respectively. The Sa-reductase inhibitor 

was dissolved in a 10% ethanol:corn oil vehicle. For in 

vivo studies, the RU486 was dissolved in ethylene glycol 

vehicle. 

Acetonitrile (HPLC-grade) was obtained from J.T.Baker 

for use in the HPLC separation of progesterone and its 

metabolite, Sa-dihydroprogesterone (DHP). The Coomassie 

Blue G-250 used in microvolume protein• estimations was from 

Fisher (Pittsburgh, PA). 

The GABA& receptor antagonist, picrotoxin, was obtained 

from Sigma (St. Louis, MO) and dissolved in the modified 

Kreb's Ringer solution + 2% dimethyl sulfoxide (DMSO) as 

were the steroids, progesterone, 3a-hydroxy-5a-pregnan-20-

one, 3B-hydroxy-SB-pregnan-20-one, and SB-pregnane-3,20-

dione and the progesterone receptor antagonist, RU486. 

C. Radioimmunoassay (RIA) for LH, FSH and PRL 

The levels of LH, FSH and PRL were determined by the 

method previously described by Rao and Mahesh (1986). The 

hormones for iodination, standards and first antibody for LH 

(NIAMDD-rLH-S.~( [rabbit]), FSH (NIAMDD-r-FSH-S11 [rabbit]) 
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and PRL (NIAMDD-r-PRL-S-9 [rabbit])were obtained from NIDDK. 

The hormones were iodinated by the chloramirte-T method using 

12s I (Amersham, Arlington Heigh-ts, IL) (Bolton, AE, 1977). 

The second antibody was purchased from Arnell Inc., 

Brooklyn, NY. A binding of 25% was obtained with a working 

di 1 utiOn of 1 :· 46,825 for the LH antisera, 1: 25,000 for the 

FSH antisera and 1:2,500 for the PRL antisera. The assay 

wa·s linear at· 4-128 ng/tu_be for LH, 16-512 ng/tube· for FSH. 

and 0.05-12.8 ng/tube for PRL. Intra- and interassay 

variabilities were determined from replicate serum pools and 

found to be 9.4% and 11.7% for LH, 5.1% and 10\ for FSH and 

7% and 9% for PRL. The hormone levels are expressed in 

t_erms of NIAMDD-RP-1 standard for LH and FSH and NIAMDD-RP-3 

standard for PRL. 

D. Radioimmunoassay for Androstenedione 

Serum androstenedione was assayed utilizing the J3 

antibody as described by Parker et. al. {1975). The samples 

were extracted as described in the above protocols for 

progesterone and corticosterone. Th~ standard curve ranged 

from 5-1000 pg per tube with 40-50% binding. All samples 

were stored at -20C and assayed together to avoid inter

assay variation. The bound and unbound steroid was 

separated by dextran-coated charcoal absorption and the 

bound hormone was determined in a Beckman LS5801• 

scintillation spectrometer. The intra-assay variation was 



8% and the linear portion of the curve was from 

pg/tube. 

E. Radioirnmunoassay for Corticosterone 
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to 10-500 

The levels of corticosterone were determined ·by 

radioirnmunoassay. All of the samples were saved for one 

assay and were extracted from serum, dried under a stream of 

nitrogen and brought up to .volume with O.OlM phosphate 

buffer (pH 7.4) plus gelatin at 4C until assay. The 

standards (Sigma, St. Louis, MO) and samples were added in a 

0.1ml volume to polystyrene tubes, followed by 0.5ml of 

antisera (lot # 107F4823) (Sigma, St. Louis, MO) diluted in 

BSA buffer: 0.05M Tris~HCL (pH 8.0} containing O.lM NaCl, 

0.1% sodium and 0.1% BSA at a dilution that brought about 

50% binding. The contents were mixed and allow~d to 

incubate at room temperature for 30 minutes .. Next, 

approximately 15 pg of 3H-corticosterone (Batch # 58) 

(Amersham, Arlington Heights, IL) in 0.1ml buffer was added 

to the assay tubes followed by a further incubation period 

of 60 minutes at 37C. After cooling at 4C for 15 minutes, 

0.2ml of dextran coated charcoal was added, quickly mixed, 

incubated in ice cold water at OC for 10 minutes a~d 

centrifuged at 3000 rpm. The supernatant was decant•d, 

mixed with scintillation cocktail and counted in a Beck~an 

LS5801 scintillation spectrometer (Beckman Instruments, Palo 

Alto, CA) to determine the radioactivity present. The assay 
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was linear from 62-2000 pg/tube with ·an intra-assay 

variation of 9%. There was a cross reactivity of 17% with 

progesterone and 27% with 11-deoxycorticosterone. 

F. Radioimmunoassav for Progesterone 

Progesterone levels were measured by specific 

radioimmunoassay using D3 antibody that gave 50% binding at 

a working dilution of 1:25,000 ( Rao and Mahesh, 1986). The 

samples were extracted with ether and 

The samples were stored in O.OlM 

dried under nitrogen. 

phosphate buffer with 

gelatin at 4C until assayed for progesterone. The bound and 

unbound hormones were separated with dextran-coated charcoal 

absorption and the bound steroid was counted in a Beckman 

Scintillation spectrometer. The assay was linear between 

10-200 pg/tube. The intra- and interassay variation were 

7.5% and 13%. Hormone levels are expressed as ng/ml serum. 

G. HPLC of Progesterone and DHP 

The separation of 3H-P4 substrate from the 

enzymatically produced 3H-DHP was accomplished by reverse 

phase high pressure liquid chromatography (HPLC} on an Altex 

Ultrasphere ODS column (5 microns). A 250 ul sample was 

loaded onto a Beckman Instruments system and run at 70% 

acetonitrile: 30% glass distilled water at a flow rate of 2 

ml per minute with a system pressure of 2,500 psi. A 214 

nanometer wavelength was selected after a full wavelength 

scan was performed on a Beckman DU-88 spectrophotometer to 
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determine the optimum· wavelength for. simultaneously 

detecting both P4 and DHP at a sensitivity of 0.1 absorbance 

units full scale (AUFS) on a Hitachi spectrophotometer. The 

eluate of each sample run was collected at 30 second 

intervals (1ml volume} for 12.5 minutes (Fig. 3} with an 

Isco Retriever II (Isco, Lincoln, NE} fraction collector and 

was then mixed with scintillation cocktail and counted in a 

Beckman LS5801 scintillation spectrophotometer. 

H. Protein Estimation 

Protein values 

Bradford (1976). All 

were estimated by the method of 

the protein reference solutions for 

the standard curve were prepared in 0.15M NaCl. The protein 

reagent was prepared using 100mg of Coomassie Brilliant Blue 

G-250 dissolved in 50 ml of 95% ethanol. To this solution, 

100ml of 85% (w/v} phosphoric acid was added and the total 

solution was diluted to a final volume of one liter. 

Reference standard or unknown sample were added in 

lOOul amounts to 1ml 

thoroughly by mixing. 

of the protein reagent and mixed 

Absorbency at 595 nanometers was 

measured using glass cuvettes 

0.1ml of appropriate buffer and 

against a reagent blank of 

1 ml of protein reagent. 

The protein-dye complex has been shown to be complete within 

2 minutes and stable for up to one hour. The standard curve 

was linear from 6-66 ug/tube. 
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II. SPECIFIC METHODS 

A. Specific Aim #1 

In the initial studies involving the acute 

administration of ACTH, the animal model used was an intact 

estrogen-primed rat; this model has been extensively used to 

demonstrate the ability of progesterone to release 

gonadotropins and to induce ovulation. To determine the 

role of the adrenal gland and the ovary, rats were 

adrenalectomized, estrogen-primed, ovariectomized and 

estrogen-primed and ovariectomized and adrenalectomized and 

estrogen-primed. The rats in these experiments were 

ovariectomized and/or adrenalectomized, on day 26 of age 

under ether anesthesia. Estrogen priming was initiated in 

all rats on day 27 of age at 1700h with a 2ug/rat injection 

of 17B-estradiol, sc, at a 0.2 ml volume of 20\ 

ethanol:saline. A second injection of 17B-estradiol was 

administered after a 24h period, or 1700h on day 28. The 

estradiol injections on day 27 and 28 were omitted in those 

animals that did not receive estrogen priming. On day 29, 

the animals received a sc injection of either 100 ug/rat of 

ACTHl-39 or a-MSH (30 ug/rat) or the peptide fragment ACTH•-

10 (100 ug/rat) at 0900h. The animals were killed at 1500h 

and trunk blood was collected in glass tubes and allowed to 

clot overnight at 4C (Fig. 4). The blood was then 

centrifuged at 2500 rpm for 30 minutes and serum was 
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decanted and stored at -20C until assayed· for LH, FSH and 

PRL. In some experiments, the serum was collected 15 and 30 

minutes after the acute injection of ACTH rather than 6 

hours later. In the experiments using RU486, the antagonist 

was administered 1 hour prior to ACTH. The mode of 

estradiol administration, in these studies, has been shown 

to induce progesterone receptors yet does not induce a 

gonadotropin release. This model has been shown to have no 

estrogen-induced gonadotropin surge (Brann, Putnam and 

Mahesh, 1990) although an afternoon gonadotropin surge after 

an acute progesterone injection at 0900h. 

B. Specific Aim #2 

Our laboratory has previously shown that progesterone 

and the progesterone metabolite, Sa-hydroxy-pregnane-3,20-

dione, were able to deplete the occupied, nuclear estrogen 

receptor (Calderon, 1987; Fuentes, 1989). The depletion of 

estrogen receptors was shown to be biologically significant 

by the antagonism of estrogen stimulated prolactin release 

(Brann, 1989). The labor intensive, and thus expensive, 

nature of receptor studies determined the most appropriate 

manner in which the progesterone metabolites were screened 

for their ability to antagonize estrogen action. The model 

chosen to _determine the effect of progesterone metabolites 

upon estrogen-induced prolactin release was developed to 

provide adequate progesterone receptors to study the 
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antagonism of progesterone upon estrogen action (Brann, et 

al., 1988). To this end, animals were ovariectomized at .26 

days of age and were allowed to recuperate for 48 hours. On 

day 28, the rats received an ip injection of 2 ug of 

estradiol in 0.2 ml of 20 % ethanol: saline at 0900h. A 

second estradiol injection was administered 13 hours (2200h) 

after the first estradiol injection. The progesterone 

metabolite was administered, ip, one hour (2100h) prior to 

the second estrogen injection in ·a O. 2 ml volume of 50% 

ethanol: saline. Twelve hours after the second estrogen 

injection, or 1000h on day 29, the animals were killed and 

trunk blood was collected in glass tubes and allowed to clot 

overnight at 4C (Fig. 5). The blood was then centrifuged at 

2500 rpm for 30 minutes and the serum was decanted and 

stored at -20C until measured for PRL ~oncentration. 

C. Specific Aim #3 

The rats in these experiments were bilaterally 

ovariectomized on day 26 of age under ether anesthesia. 

Estrogen priming was initiated in all rats on day 27 of age 

at 1700h with a 2ug/rat injection of 17B-estradiol, sc, at a 

0.2 ml volume of 20% ethanol:saline. A second injection of 

17B-estradiol was administered after a 24h period, or 1700h 

on day 28. On day 29, the animals received a sc injection 

of the progesterone metabolite to be tested. The animals 

were killed at 1500h and trunk blood was collected in glass 
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tubes and allowed to clot overnight at 4C~ The blood was 

then centrifuged at 2500 rpm for 30 minutes and serum was 

decanted and stored at -20C until assayed for LH and FSH 

content (Fig. 4). 

D. Specific Aim #4 

In the experiments examining the effect of 5a

reductase inhibition upon progesterone's ability to release 

LH and FSH, progesterone was administered at 0900h on day 29 

(Fig. 4), and the inhibitor was administeied at 0715h of the 

same day. 

at both 

In other studies, the inhibitor was administered 

0715h and 1100h for sustained inhibition. The 

animals were killed at 1500h, unless otherwise specified, 

and trunk blood and pituitary and hypothalamic tissues were 

collected. The serum was collected in glass tubes and 

allowed to clot overnight at 4C. The blood was then 

centrifuged at 2500 rpm for 30 minutes and serum was 

decanted and stored at -20C until assayed for LH, FSH,and 

PRL content. 

1. Sa-Reductase Assay: To demonstrate both the site 

and degree of Sa-reductase inhibition by the 5a-reductase 

inhibitor, N,N-diethyl-4-methyl-3-oxo-4-aza-5-androstane-

17B-carboxamide, the gonadotropin model described previously 

was utilized (Fi~. 4). On day 29, after the appropriate 

estrogen priming, the animals were sacrificed at either 

0915h or 1500h without receiving progesterone. The anterior 
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pituitary or· the medial basal hypothalamus were collected 

and placed in Thomas Homogenizers containing ice cold 

homogenization buffer consisting of 0.32 M sucrose, 1 mM 

DTT, 1 mM EDTA and 100 mM potassium phosphate, .pH 7.2. 

Crude tissue homogenates were either used immediately for 

Sa-reductase activity estimation or were subjected to 

subcellular fractionization and the resulting microsomal 

fraction was used. 

When crude homogenized tissue preparations were used as 

the enzyme source, the tissue was immediately aliquoted into 

reaction tubes, on ice, containing 1 ml of lmM DTT, lmM 

EDTA, NADPH generating system: 2.5 uM NADP+~ 125 umole 

glucose-6-phosphate and 1 unit glucose-6-phosphate 

dehydrogenase, and l00mM potassium phosphate, pH 7.2. A 

preincubation period of 10 minutes was allowed at 37C -prior 

to the addition of 200nM 3H-P4 substrate. The purity of the 

3H-P4 was 

dione by 

checked for contamination ·of 5a-pregnane-3,20-

HPLC (Figs. 6 and 7). · Initial studies stopped the 

enzymatic reaction with 5ml ~f diethyl ether and freezing in 

a dry ice/methanol bath at 15, 30 60-and 120 minutes, while 

all later studies done used the optimal duration of one 

hour. All en~ymatic studies were done using a time zero as 

well as a no substrate control. The steroid contents were 

extr~cted twice using 5ml distilled diethyl ether and a dry 

ice/methanol bath. The extracts were then dried under a 
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nitrogen stream and brought up to a one ml volume with 

distilled methanol for HPLC determination. 

When the microsomal fraction was used as th~ enzymatic 

tissue source, tissue preparations were homogeniz~d and the 

centrifuged at 1,000g for 20 minutes; the supernatant was 

removed for further centrifugation at 15,000g for 60 

minutes. The resulting 15,000g pellet was discarded and the 

remaining supernatant was centrifuged at 100,000g for 60 

minutes. This pellet was thoroughly mixed with 0.1 M sodium 

phosphate buffer, pH 7.2, and aliquoted into reaction tubes 

for assay. 

E. Specific Aim #5 

Uterine tissue for these experiments was obtained in 

the late afternoon from diestrous-II rats . The animals 

were sacrificed by decapitation and the entire uncleaned· 

uterus was removed and placed in modified Kreb's Ringer 

solution consisting of 115.5 mM NaCl, 4.6 mM KCl, 2.5 mM 

CaCl2-H20, 1.16 mM MgS04, 11.1 mM Glucose and 21.9 mM NaHC03 

at 37C. This buffer has been previously used for in vitro 

uterine contractility studies and has been shown to be 

optimal for the development of uterine contractions (Wainman 

et al., 1988). The tissue was cleaned of the enveloping fat 

and fascia without stretqhing it, cut 

annular pieces and attached to a 

into S millimeter, 

Statham UC-3 force 
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displacement transducer under a resting tension of 1 gram 

(Fig. 8). 

The tissue was allowed a thirty minute equilibration 

period to allow for tissue stabilization and the development 

of characteristic spontaneous uterine contractions upon 

which the steroid modulation could be determined. The 

control period lasted for 10 minutes after which the control 

buffer of 2% dimethyl sulfoxide (DMSO) in modified Kreb's 

Ringer solution was replaced with buffer containing the 

steroid to be tested with or without the· progesterone 

receptor antagonist, RU486 (16 ug/ml), or the GABAA receptor 

antagonist, picrotoxin (32 ug/ml). The steroids and the 

dose tested in this study were: 6 ug/ml 3B-hydroxy-5B

pregnan-20-one, 10 ug/ml SB-pregnane-3,20-dione, 27.5 ug/ml 

3a-hydroxy-Sa-pregnan-20-one and 40 ug/ml progesterone. All 

of the steroids were dissolved in 2\ DMSO/ modified Kreb's 

Ringer Buffer solution (w/w). 

The tension data for each run of experiments was 

simultaneously recorded by a Beckman Dynograph recorder as 

well as on computer. The acquisition rate for data 

collection was 1 hertz. The data was subsequently analyzed 

by means of an A/D (analog to digital) conversion utilizing 

the Asvst + software program (Asyst Technologies, Inc.). By 

scrolling the data, an appropriate portion of both control 

and treatment period recordings were selected. The uterine 
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contractions were analyzed for rise time (grams/sec), fall 

time (grams/sec) and the ·total tension generated (grams 

tension/grams tissue). A schematic representation of 

spontaneously generated uterine contractions is shown.in 

Figure 9. The rise time was determined as the time needed 

to rise from 10\ to 90\ of the total tension generated (Fig. 

9A). The reverse was used for the determination of fall 

time, or the time necessary to fall from 90\ to 10\ of 

maximally generated tension (Fig. 9B). The third parameter 

analyzed was the total tension generated per gram of tissue 

(Fig. 9C). 

F. Statistical Analysis 

The results for Specific Aims 1-4 were expressed in 

terms of mean+ SEM. The experimental groups were analyzed 

by one-way analysis of variance and Newman-Keuls Multirange 

(when several results were compared amongst themselves), 

Dunnett's Multirange (when several treatment grou~s were 

compared to one specific control group) or Student's t-test 

(when only one treatment group was compared to its control), 

and p < 0.05 was considered significant. 

All statistical comparisons for the uterine 

contractility studies in Specific Aim #5 were performed 

using Student's t-test comparing each test period to its own 

control. Each rat used in these studies was considered an n 

of 1 and no tissue ring was used for more than on• control 



s che.ma..t.-Lc.. JLe.pJLu e.n.:t.a..Uo n., o, t.h.e. a.n.a..ty .t.l.c.a..t. 

pQ...lt.aJTI e..te..JL-6 u..-6 e.d :to . a....6-6 u-6 -6 p o n.t.a.n.e.o u..-6 u.:t~e. 

c..on.:ut.a.c..tLoM: 

A ) P o-'L.t-i...o n., o, 9 eAVLa..t,e..d .t.e.M..i...o n., a.n.a..ty z e..d -' oJt. 

~ e. .t.lm e. ( g,uun-6 / -6 e.c. ) 

B ) P oJLt..,Lo n. o, · 9 eAVLa..t,e..d .t.e.M..Lo n., a.n.a..ty z e..d , oJt. 

,a..t..t .t.lme. (g,uun-6/-6e.c.) 

C ) P o-'L.t-i...o n., o, g e.n.,Vta..t,e..d .t.e.M..i...o n., a.n.a..ty z e..d , oJt. 

.t.o.ta..e. .t.e.M..Lon., (g,uun-6/g,uun-6 .t.U-6~e.) 



A 

Selected Tension Recordings 

B 

10% 

Selected Tension Recordings 

C 

. ' . ,· 

Selected Tension Recordings 



49 

and test steroid period. At least three rats, or an n of 3, 

were used for each statistical analysis. Uterine wet weight 

was determined a the end of each run. Values are expressed 

as tension per grams.of tissue. 



RESULTS 

I. EFFECT OF ACTH ON LH AND FSH RELEASE 

A. The Role of Estrogen-Priming and the Adrenal 

The animal model used in these experiments has been 

used extensively in demonstrating that an acute injection of 

progesterone can cause a surge of LH and FSH and can induce 

ovulation. The estradiol administration causes induction of 

progesterone receptors but does not induce a gonadotropin 

surge. The acute administration of l00ug ACTHl-39 to 

immature, intact female rats primed with 2 days of 2ug of 

17B-estradiol resulted in a significant release ·of both LH 

and FSH (p < 0.01) (Fig. !OB).· This stimulatory effect of 

ACTHl-39 is mediated through the adrenal because it was not 

present if adrenalectomy was carried out (Fig. l0C). 

Furthermore, it also occurs in animals that are primed with 

estradiol as it was not present when estrogen priming was 

omitted (Fig. lOA). 

The stimulatory effect of estrogen upon prolactin is 

evident by .the low levels of prolactin seen in the intact, 

non-estrogen primed rat when compared to the intact, 

estrogen primed rat (Fig. l0A vs. Fig. 10B). In both of 

these groups, the acute· i'njection of ACTH failed to elicit 

the release of prolactin when comparedto controls. While· 

so 
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the removal of the adrenal in an immature,·estrogen primed 

rat resulted irt a significantly elevated release of 

prolactin when compar~d to intact levels (p < 0.05_) (FiU. 

l0A vs. Fig. l0C), ·the administration of ACTH was 

ineffective in altering the release of prolactin when 

c6mpared to control l~vels (Fig. l0C) .. 

B. Role of the Ovary in ACTH Stimulation 

Since the acute administration of ACTHl-39 in the 

intact rat induced a significant release of LH and FSH and 

since there was~ requirement for estrogen priming, it was 

of interest to determine if the ovaries mediated the effect 

of ACTHl-39 through the release of ovarian steroids. When 

immature, estrogen primed, ovariectomized rats were given an 

acute injection of ACTHl-39, the levels of LH and FSH were 

still significantly elevated abov~ the .vehicle controls (p < 

0.05 and p < 0.01, respectively) (Fig. llA). However, after 

the removal of the adrenals, the stimulatory effect of 

ACTHl- 39 upon the gonadotropins was abolished (Fig. llB). 

The removal of the ovary as well as the removal of both 

the ovaries and the adrerial glands resulted in a significant 

increase of prolactin in the vehicle group when compared to 

the intact, estrogen-primed group (p < 0.05) (Fig. l0B vs. 

Figs. llA and llB). The administration of ACTH resulted in 

a significant decrease of 

estrogen primed rat (p < 

prolactin in the ovariectomized, 

0.05) (Fig. llA) 
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administration of ACTH led to a significant elevation of PRL 

( p < .0. 05) in the ovariectomized, adrenalectomized 

estrogen-primed rat ( Fig. llB). 

When both the ovaries and the adrenal glands were removed 

from an immature, estrogen primed rat, the control levels of 

LH were signific~ntly elevated above those rats iti which 

only the ovaries were removed (p < 0.01) (Fig. llA vs. llB). 

There was no change in the control .levels of FSH·between 

either the ovariectomized 

adrenalectomized rats. 

or the ovariectomized and 

C. Speci fi city of -Gonadotropin Rel ease by ACTHl - 3 9 

ACTH is composed of 39 amino acids of which 1-13 is a

MSH (amino acid #1 is acetylated in a-MSH). Therefore, it 

was of interest to determine if this fragment and an 

additional fragment, ACTH4-10, possessed gonadotropin 

stimulating activity. To this end, -estrogen-primed, 

ovariectomized rats were injected with either vehicle, a-MSH 

(30 ug) or the peptide fragment ACTH4-lo (200 ug). As shown 

in Figure 12, both a-MSH and ~CTH4-lO were· found to be 

ineffective in stimulating the release of LH and FSH. 

However, under these conditions, a-MSH inhibited the release 

of PRL (p < 0.05) ( Fig. 12). 

D. Effect of ACTH Upon the Release of Adrenal Steroids 

The requirement for estrogen priming and the loss of 

effectivenes~ of ACTHl- 39 in adrenalectomized rats suggests 
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had no effect upon the release of LH and FSH 30 minutes 

after its administration (Fig. 13). 

E. Effect of the Antiglucocorticoid and Antiprogestin, 

RU486, Upon Acute ACTH Stimulation of LH and FSH 

In addition to its ability to release adrenal 

steroids, ACTH stimulated the release of adrenal 

catecholamines. To determine whether the stimulatory action 

of ACTH l-39 upon gonadotropin secretion was mediated 

through the secretion of progesterone and corticoster6ne, 

the potent antiglucocorticoid and antiprogestin, RU486, was 

employed. Two dosages of RU486 were used (0.2mg and 0.75mg 

RU486/rat) in conjunction with the acute administration of 

ACTHl-39. As shown in Figure 15, no effect was seen by 

either dose of RU486 alone on either LH or FSH, yet when 

used with the ACTHL-39 both dosages blocked the ACTH-induced 

release of LH and FSH (p < 0.05). 

F. The Comparison of Progesterone and Corticosterone 

Upon the Release of LH and FSH 

The two ._pred6minant steroids released from the adrenal 

gland after stimulation by ACTH are progesterone and 

corticosterone. When ovariectomized, estrogen-primed 

animals received 0.8 mg/kg BW progesterone there· was 

asignificant release of both LH and FSH (p < 0.01) (Fig. 

16). Interestingly, when ovariectomized, estrogen-primed 

rats received 0.8 mg/kg BW of corticosterone, there was no 
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significant effect on either LH or FSH levels (Fig. 16). 

II. ANTAGONISM OF ESTROGEN-INDUCED PROLACTIN RELEASE BY 

PROGESTERONE METABOLITES 

Recently, our laboratory demonstrated a dramatic role 

for progesterone thiough its antagonism of estrogen action. 

This was shown by the depletion of occupied, nuclear 

estradiol receptors in the anterior pituitary (Calderon et 

al., 1987; Fuentes et al., 1988; Smanik et al., 1983) ·as 

well as the antagonism of estrogen-induced progesterone 

receptor synthesis and estrogen-stimulated prolactin release 

(Calderon et al., 1987; Brann et al~, 1989). It is well 

known that prolactin is necessary for the production of 

progesterone by the corpus luteum in the rat. Thus, the 

antagonism of PRL release by progesterone metabolites was 

examined to establish the existence of a feedback mechanism 

by which corpus luteum function as well as prqgesterone 

production could. be regulated. The data presented in these 

studies examined the ability of ·selected progesterone 

metabolites to antagonize estrogen stimulated prolactin 

release in an ovariectomized, estrogen primed rat (Fig. S). 

A. Effect of 20a- and 20B-Reduced Progesterone 

Metabolites Upon Estrogen Stimulated Prolactin 

Release 

Progesterone has been shown to be metabolized by brain 

and peripheral tissues by both 20a- and 20B-reductase ( ). 
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As is shown in Fig. 17, 20a-hydroxy-4-pregnen-3-one was able 

to significantly decrease estrogen stimulated prolactin 

release (p < 0.05). However, 20B-hydroxy-4-pregnen-3-one, 

had no effect on estrogen-stimulated prolactin release (Fig. 

18). 

B. Effect of Sa-Reduced Progesterone Metabolites Upon 

Estrogen Stimulated Prolactin Release 

Both the pituitary and the hypothalamus contain 

significant levels of Sa-reductase activity. Interestingly, 

the concentration of Sa-reductase in the pituiatary appears 

to be under ovarian control. Additionally, Sa-reduced 

metabolites have been isolated in the ovarian vein on 

proestrus. Thus, the next series of progestins examined 

were Sa-reduced progesterone metabolites. Estrogen induced 

prolactin release was dramatically inhibited when Sa-reduced 

progesterone (Sa-pregnane-3,20-dione;Sa-DHP) was used 

(Brann, Putnam, and Mahesh, 1990) with both low (0.4 mg/kg) 

and high (2 mg/kg) doses of Sa-DHP being effective (p < 

0.01); an intermediate dose (0.8 mg/kg) of progesterone was 

ineffective (Fig. 19). The antagonism of estrogen induced 

prolactin release was no longer present if the 3-ketone of 

Sa-DHP was reduced to yield 3a~hydroxy-Sa-pregnan-20-one 

(Fig. 20). A complete loss of antagonistic activity occured 

with the 20a-reduction of Sa-pregnane-3,20-dione {20a

hydroxy-5a-pregnan-3-one) (Fig. 21). Interestingly, a 
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powerful restotation of antagonistic activity upon estrogen-

induced prolactin release was 

diol which was a combination 

changes (Fig. 22). 

seen with Sa-pregnane-3a,20a

of all three conformational 

Three reduction of Sa-reduced progestins (3B-hydroxy-

5a-pregnan-20-one) resulted in a weak antagonism of estrogen 

induced prolactin release when. compared to 3a-hydroxy-Sa

'pregnan-20-one (p < 0.05) (Fig. 23 vs. Fig. 20). The lowest 

effective dose of 3B-hydroxy-Sa-pregnan-20-one was 1.6 mg/kg 

BW which was 4-fold higher than that found for Sa-pregnane-

3,20-dione (Fig. 23 vs. Fig. 19). 

C. Effect of SB-Reduced Progesterori~Metabolites Upon 

Estrogen Stimulated Prolactin Release 

The prominence of 5B-hydroxy-3,20-dione as a major 

metabolite of progesterone led to the next series of 

progester·one metabolites screened for antagonism of 

estrogen-induced prolactin r~lease. The ability of 

progesterone to antagonize estrogen-induced prolactin 

release was completely lost following SB-reduction (Fig.24). 

However, when the 3-ketone group of 5B-pregnane-3,20-dione 

was reduced· to yield 3a-hydroxy-5B-pregnan-20-one, a 

profound inhibition of the estrogen action on prolactin 

release was restored (Fig. 25) (p < 0.05). -This strong 

inhibitory action was maintained even when the 3-ketone was 

reduced to a 3B-hydroxyl gr~up (3B-hydroxy-5B-pregnan-20-
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one) (p < 0.05) (Fig. 26). 

III. EFFECT OF PROGESTERONE METABOLITES UPON GONADOTROPIN 

RELEASE 

A. Effect of Sa-Reduced Progesterone Metabolites Upon 

the Release of LH and FSH 

The next series of experiments were designed to 

determine whether the progesterone metabolites that were 

biologically active in the PRL model were also active in the 

role of gonadotropin secretion. The effect of two Sa

reduced progesterone metabolites upon gonadotropin release 

has already been shown by Murphy and Mahesh (1984)· in an 

ovariectomized, estrogen primed rat. The estrogen dose was 

very low, capabl~ of inducing progesterone receptors yet not 

large enough to induce the release of gonadotropins 

(McPherson and Mahesh, 1979). Initial attempts to examine 

other progesterone metabolites, for this study, were made 

with the low dose estrogen model. In that model, the dose 

of estradiol was critical and considerable variability was 

observed. Therefore, a more recently developed 

ovariectomized animal model which received higher estrogen 

doses (Fig. 4) (Brann et al., 1990). This model allowed 

for the induction of progesterone receptors and caused no 

release of gonadotropins alone, as in the low dose model, 

yet yielded much more reliable results. This model is also 

more physiologically relevant since the mode of estradiol 
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administration is in two waves, similar to the estradiol 

exposure founq in cycling rats from diestrus-II to proestrus 

(Kalra and K•lra, 1975}. 

The previously reported ability of Sa-pregnane-3,20-

dione to selectively release FSH in a low dose estrogen

primed model was also observed in this animal model (p < 

0.05} (Fig. 27}. The effect of 3a-hydroxy-5-pregnan-20-one 

upon the selective release of LH was repeated in this model 

using a 1.6 mg/kg dose (p < 0.01), however when a 0.8 mg/kg 

dose was used, both LH and FSH wei• released (p < 0.05} 

(Fig. 28}. The replacement of the 3a-hydroxyl group on the 

A-ring with a 3B-hidroxyl group (3B-hydroxy-Sa-pregnan-20-

one) caused an inhibition of both LH and FSH with a 0.1 and 

0.4 mg/kg dose level {p <. 0.01; p < 0.05}. A selective 

inhibition upon LH was seen with 0.8 and 3.2 mg/kg doses (p 

< 0.05}, and FSH was selectively inhibited by 1.6 mg/kg (p < 

0.05} {Fig. 29}. 

B. Effect of SB-Reduced Progesterone Metabolites Upon 

the Release of LH and FSH 

The next series of experiments examined the SB-reduced 

progestins. LH was selectively released by 0.4 and 0.8 

mg/kg of SB-pregnane-3,20-dione {p < 0.05} and FSH was not 
I 

effected by either dose of this progestin {Fig. 30}. This 

selective release upon LH was maintaine~ with the further 

3B-reduction of the 3-ketone. LH was significantly elevated 



FLgLVLe.. 27. E,,e..c..t. o, s~-p.1t.e..9na.n.e..-3,20-dLo~e.. ~po~ ~e.. 

.1t.e..l.~e.. o, LH cuid FSH. Ra..u _We.Jt.e.. ova.-'t.Le..c..t.omLze.d 

a.t. 26 d~y..6 o, ~ge.. cuid .1t.e..c..uve.d .t.wo Ln.je..c..t.l.oM o, 

2 ~g o, CU>.t.lUl..dLo~ ~ 0.2 m~ o, 20% 

e..t.h.a..rLo~:..6a...lLn.e.. a.t. 1700h. o~ d~y..6 27 cuu:l 28 o, 

~g e.. • The.. p.1t.o g CU>-U.n.. WM ~dm~.t.e.Jt.e..d a..t. 

0900h. o~ d~y 29 a.t. 0.4 ~d 0.8 mg/kg BW. The.. 

~a..u We.Jt.e.. _ ..6~~ Lc..e..d a.t. . 1 6 0 0 h. o~ d~y 2 9 • 

E~c..h. 9-'LO~p C..OML..6.t.e.d o, a..t. ~~.t. 6 cuu.mcz..U. * 'P 

< 0 • 0 5 wh.~ c..ompa.-'t.e.d .t.o c..on.tJt..ou. 



-E 
= ... 
Q,I 
~ 

i -~ = -= ~ 

'--

600 

500 

100 

0 ..,__ ___ _ 

4000 

3000 

2000 

1000 

o_,__ ___ _ 

* 

■ E2 
rl 0.4 mg/kg steroid 
II 0.8 mg/kg steroid 

■ E2 

a 0.4 mg/kg steroid 

Ii 0.8 mg/kg steroid 



FLgt.VLe. 28. E,,e.c.t. o, 3~-h.ydJt.o~y-5~-p4e.gna,n.-20-on.e. ~pon. .t.h.e. 

4e.,.te.a.-l.)e. o, LH (U1..ci FSH. Ra..U WVLe. 

ovcvvi..e.c.t.omLze.d a..t. 26 d~y~ o, ~ge. CLn.d 

4e.ce.lve.d ~o Ln.Je.c..UoM o, 2 ~g o, ~.u.a..dLo.t. .ln. 

0.2 mt. o,· 20% e.:than.o.t.:~a.t..ln.~ a..t. 1700~ on. d~y~ 27 

a.n.d 2 8 o, ~g e.. Th.e. p40 g ~.t..Ln. WM ~dm~.t.Vt.e.d 

a..,t. 09.00h. on. d~y 29 a..t. 0.4, 0.8 ~n.d 1.6 mg/k,g 

BW • T h.e. ~ WVLe. ~~~ Lce.d a..t. 1 5 0 0 h. on. d~y 

2 9. E~c.h. 94O~p COMU.t.e.d o, a..t. l.e.a.-1.);t 6 a.n.,lm(LU. 

** p < 0.01 ~n.d * p < 0.05 wh.e..n. comp(Vt.e.d .t.o 

con.-t.'t.oU. 



L.H 
700 

• •• 
600 

= 500 
= .. 
Ill 

400 Ill 

] 
300 Cll 

C 

= 200 
~ 

100 

0 

ESll 
5000 

• 
4000 

= ii Vtb = .. 
Q,I 3000 □ 0.4mg/Kg 3a,S1oTIJP Ill 

] a O.Smg!Ka 3a,5 .. THP 
Cll 

2000 [:J J.6mg/K& 3a,Sa-THP C 

= en 
'- 1000 

0 



FLgtvt,e. 29. E,,e.c..t. o, 3B-hyMo~y-5~-p~e.gn.a..n-20-one. ~pon t.ke. 

~e..t.e..a..-6e. o, LH tu1,d FSH. Ra.t.-6 We.Jt.e. ov<VL-Le.c..t.om.lze,d 

a;t 2 6 d~y-6 o, ~ge. CU1,d ~e.c.e..-Lv e..d .two .lnj e,c..t..loM o,6 

2 ~g o, e..-6.vta.d.lo~ .ln. 0.2 m~ o,6 20% 

e.:tha.n.o~:-6~e.. a..t. 1700h on d~y-6 27 ~ 28 o, 

~g e. • The.. p~o g e..-6.t..ui Wa..-6 Mm.ln.-L-6.t.e.Jt..e..d a;t O 9 0 0 h on 

d~y 29 a;t 0.1, 0.2, 0.4, 0.8, 1.6 CU1,d 3.2 mg/kg 

BW • The. ~a..t..-6 We.Jt..e.. -6~~ -l.c.e..d a;t 1 5 0 0 h on d~y 

2 9 • E~c.h. g~o~p C.OM~.t.e,d o,6 a;t ~e..a..-6.t. 6 a..n.-Lm~. 

** p < 0.01 a.n.,d * p < 0.05 whe..n c.omp(Vt.e..d .t.o 

c.o n.:ut.OU • 



800 

600. - ■ E2 5 
II 0.1 mg/kg steroid = I,., 

. Q,' 

m 0.2 mg/kg steroid 
~ - 400 

~ 0.4 mg/kg steroid 5 -
□ 0.8 mg/kg steroid 

bl) 
s:: --
::c II 1.6 mg/kg steroid 
~ §I 3.2 mg/kg steroid 

200 

o-i------

4000 

3000 - ■ E2 E 
1B 0.1 mg/kg steroid = I,., 

~ 

m 0.2 mg/kg steroid 
~ 

i 2000 
fzl 0.4 mg/kg steroid -bl) 

□ 0.8 mg/kg steroid = -
11 1.6 mg/kg steroid :c 
~ 3.2 mg/kg steroid 

t:'-l 
~ 

1000 

0-'------



FLgU,lt,e,. 30. E,,e.c;t. o, 

.Jt.,~e.a.,.6 e. 0' 
SB-p.1t.e.gn.a.n.e.-3,20-dLo~e. ~po~ t.ke. 

LH a.n.d FSH. R~ We..lLe. 

ova..,u.,e.c..t.omLze.d a;t. 26 da.y~ o, a.ge. a.n.d 

.1t.e.c.uve.d .two L~j.e.c.t.,LoM o, 2 ~g o, ~.vt.a.dLot. ..Lri 

0.2 mt. o, 20% e.t.JuuLo~:~a..Un.e. a;t. 1700h o~ da.y~ 27 

a.n.d 2 8 o, a..ge.. Th.e. p.1t.oge..-b.t..Ln. WM a.dm~.t.e..lLe.d 

a..t. 0900h o~ da.y 29 a;t. 0.4 a.n.d 0.8 mg/kg BW. The. 

~~ We..lLe. ~a.~Lc.e.d a..t. 1 SO Oh o~ da.y 2 9. 

Ea.ch g.11.,o~p c.oM~.t.e.d o, a;t. ~e.a..-6.t. 6 a.n.-im~ • * p 

< 0.05 whe.n.. c.ompQ..lt.e.d .t.o c.on;t.,z.ou. 



800 

600 

-E • 
= ... 

.E2 ■ 
~ 
Cl} 

- 400 Bl 0.4 mg/kg steroid E - El 0.8 mg/kg steroid 
~ = ._. 

:: 
.;i 

200 

o-+------

4000 

3000 -E 
= ... 
~ 
"-l 

■ E2 i 2000 
II 0.4 mg/kg steroid biJ 
m 0.8 mg/kg steroid = ._. 

:c 
C'-J 
r.. 

1000 

04----~-



79 

by both 0.1 and 0.2 mg/kg doses (p.< 0.05), while FSH was 
. ' 

unaffected by. the administration of 3B-hydioxy-5B-pregnan-

20-one (Fig. 31). 

C. Effe~t of 20a-Reduced Progesterone Upon the Release 

of LH and FSH 

The affinity of 20a-hydroxy-4-pregnen-3-one for Sa

reductase is much higher than that of progesterone in the 

anterior pituitary (Cheng and Karavolas,. 1975a; Cheng and 

Karavolas, 1975b), therefore it was of interest to examine 

of this proge•tin upon the release of the ability 

gonadotropins. Several doses of 20a-hydroxy-4-pregnen-3-

one failed to alter LH or FSH levels (Fig. 32), therefore no 

fu~ther experimentation was performed with 20a-hydroxy-4-

pregnen-3-one or its Sa-reduced metabolites. 

IV. THE IMPORTANCE OF 5A-REDUCTI6N IN PROGESTERONE-INDUCED 

GONADOTROPIN RELEASE 

A. The Establishment of an In Vitro Sa-Reductase Assay 

The necessity of Sa-reduction in. the progesterone 

induc~d gonadotropin release was examined in ovariectomized, 

estrogen primed rats. To this end, an inhibitor of 

pituitary Sa-reductase activity was administered to rats 

prior to the administration of progesterone. Since the 

endpoint of these studies. was the. release of gonadotropins· 

from the anterior pituitary, an effective measure of the 

induced inhibition had to be accomplished to more clearly 
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interpret the results. Therefore, an in vitro 5a-reductase 

assay was established_tc indicate the degree of 5a-reductase 

inhibition induced by the administered inhibitor. The in 

vitro assay wa~ carried out ·for 15,30,60 and 120 minutes 

duration and the production of 5a-DHP was measured (Fig .. 

33). 5a-DHP appeared in fractions 19-23 when using a flow 

rate of 1 ml/minute during the HPLC separation; when using a 

flow rate of 2 ml/minute, 5a-DHP appeared in fractions 7-9. 

The 5a-DHP production as a function of time i~ plotted in 

Figure 34. An incubation time of 60 minutes was chosen for 

subsequent experiments. 

B. The Effect. of 1mg 5a-Reductase Inhibitor-Upon 

Progesterone-Induced Gonadotropin Release 

In the first study, the 5a-reductase inhibitor was 

administered at 0715h to estrogen primed, ovariectomized 

rats. Progesterone {0.8 mg/kg) or vehicle were administered 

at 0900h and the animals were sacrificed at 1500h to measure 

pituitary 5a-reductase activity and serum LH and FSH levels. 

Administration of the inhibitor to control rats did not 

alter basal gonadotro~in release. The administration of 0.8 

mg/kg progesterone, alone, was able to significantly release 

both LH and FSH at 1500h {p < 0.05). The administration of 

5a-reductase inhibitor did not alter the progesterone

induced release of either LH or FSH (Fig. 35). The- level of 

pituitary 5a-reductase activity was also assessed at 1500h 
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and as shown in Fig. 36, there was no difference in the 

amount of Sa-reduritase activity -between the control rats and 

those that received the inhibitor. 

C. The Effect of 2 mg Sa-Reductase Inhibitor Upon 

Progest,rone-Induced Gonad6tropin Release 

The observation that 1 mg inhibitor/rat was 

ineffective upon progesterone-induced release of LH and FSH 

raised two questions. 

cause a 

First, was the amount of inhibitor 

block of Sa-reductase activity? adequale to 

Secondly, was the activity of pituitary Sa-reducfase 

inhibited at the time of progesterone administration? To 

answer these questions, 2 mg of Sa-reductase inhibitor/ra~ 

was administered at 0715h and progesterone or vehicle was 

injected at 0900h. ~he Sa-reductase inhibitor had no effect 

upon basal release of LH and FSH even at this higher dose. 

The administration of 0.8 mg/kg progesterone was able fo 

release both LH and FSH ( p < 0.05), yet the inhibitor was 

still unable to alter progesterone-induced release of LH and 

FSH (Fig. 37}. To answer the second que~tion, th~ level of 

Sa-·reductase . activity was measured immediately foll owing 

progesterone administration, or 0915h. The level of Sa

reductase activity was dramatically reduced in both the 

pituitary and the m~dial ~asal hypothalamus (Fig. 38). 

Since the Sa-reductase inhibitor was reversible and 0.8 

mg/kg was a relatively large dose of progesterone, it was 
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necessary to consider using a lower dose of.progesterone to 

examine the effect of Sa-reducta~e inhibition upon 

progesterone-induced gonadotropin release. The lowest 

effective dose of progesterone which consistently rel.eased 

both LH and FSH was 0.4 mg/kg (p < 0.0S)(Fig. 39).· When 2. 

mg of- Sa-reductase inhibitor was admihistered prior to an: 

injection of 0.4 mg/kg progesterone, there was, once again, 

no effect upon- the estrogen induced gonadotropin release 

(Fig. 40). Consistent with the previous findings, there was 

no eff~ct upon basal LH and FSH by the inhibitor alone and_ 

progesterone was able to significantly e~evate both LH and 

FSH (p < 0.05). 

D. The Importance 

Inhibition Upon 

Release 

of the Duration of Sa-Reductase 

Progesterone-Induced Gonadotropin 

The acute administration of Sa-reductase inhibitor had 

no effect upon progesterone-induced gonadotropin release. 

In addition, the inhibition of Sa-reductase administered at 

0715h was lost by 1500h of the same day.· Since th~ adrenal 

gland has been shown to secrete significant quantities of 

progesterone throughout the afternoon of proestrous· prior to 

the gonadotropin surge (Kalra and Kalra, 1974;1977}, the 

next study examined the ability of progesterone to release 

LH and FSH when administered at a time in between the 

pr~vious progesterone administr~tion and the measure~ent of 
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gonadotropin release. As. demonstrated in Fig. 41, both LH 

and FSH were signifi~antly elevated after the administration 

of 0.8 mg/kg' of progesterone at 1200h (p < 0.05)~ Since 

progesterone at this 

inducing the release 

later time did appear capable of 

of LH and FSH, the effect of a 

sustained level of 

The administration 

5a-reductase 

of two 

inhibition 

injection of 

was explored. 

5a-reductase 

inhibitor, one at the regular time 

at 1100h was done to ensure a 

inhibition. This time, although 

of 0715h · and the second 

sustained 5a-reguctase 

the expected release of 

both LH and FSH was observed after the administration of 0~8 

mg/kg progesterone, an unexpected inhibition of 

progesterone-induced FSH release was shown (p <·0.05); no 

effect was seen upon progesterone-induced LH release (Fig. 

42). In previous experiments this Sa-reductase inhibitor 

had no effect upon basal LH and FSH release and this 

compound was· valuable and available in limited·quantities. 

Therefore a control group of animals with two 

the inhibitor was not included in the study. 

whether the inhibitor may influence the 

injections of 

To determine 

release of 

gonadotropins independent of an effect by progesterone, rats 

were injected with the inhibitor at 0715 and 1100h. Once 

again, the selective inhibition of progesterone induced FSH 

release by the administration of the two injections of Sa-

reducta-e · inhibitor was confirmed (p < 0;05). No 
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significant effect upon ·LH release was found. There was no 

effect upon basal gonadotropin release by the Sa-reductase 

inhibitor alone (Fig. 43). 

E. Effect of Sa-Reductase Inhibition Upon· PRL Release 

While no· consistent .effect was seen by pro~esterone 

upon the release of PRL in this particular model, the trend 

for decreased PRL levels in those animals treated with 2 mg 

of Sa-reductase inhibitor and progesterone ·when compared to 

progesterone treat~d animals was apparent (Figs. 37, 40 and 

42). These differences were not consistently significant, 

however, thus they were not actively pursued. 

V. MEDIATION OF THE EFFECT ·oF PROGESTERONE ME1ABOLITES 

UPON UTERINE CONTRACTILITY 

Many investigators· have suggested that progesterone is 

important in the events that occur aft~r fertilization, such 

as implantation and uterine qujescence. It. has recently 

been shown, that in addition to progesterone, the 

progesterone metabolites are also capable of inhibiting 

uterine contractility (K~bli-Garfias · et al., 1979~ Kubli

Garfias, 1987). This would create a quiescent environment 

for implantation of the embryo and enhance the survival of 

the fetus. This study exami~ed the mechanism by which these 

metabolites manifested their effect. The steroids were 

selected for this study based upon previous reports of their 

ability to inhibit uterine contractions as well as their 
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solubility in the aqueous buffer used as the bathing 

solution. The data for all studies in this section are 

presented both as actual te~sion recorded as well as the 

numerica1 data of total tension generated that was obtained 

using the Asyst + software described in Materials and 

Methods (Section II E; Fig. 9). 

A. Viability of Uterine Tissue 

The first question in this study was the vi~bility ~f 

uterine tissue rings under these in vitro conditions. 

Following the ten minute ·control and test periods, the 

tissue·was, once again, bathed in buffer alone. The tissue 

would recover and begin to spontaneously contract after a 

period of no .less than 10 minutes if it was still viable 

(Fig. 44A). Another verification of viability of previously 

inhibited uterine tissue was its contractiity response after 

ex~osure to 0.9 M KCl (Fig. 44B). 

B. Effect of RU486 and Picrotoxin Upon Uterine 

Contractility 

An in vitro system was established to confirm the 

previously reported effects of progesterone metabolites upon 

uterine contractility. Other investigators have used 

animals in both diestrus-I and diestrus-II to demonstrate 

these effects, however in 

results were obtained using 

this study the most consistent 

rats that were sacrificed late 

on the afternoon of diestrus-II. The uterus of each rat was 
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modified Kreb's Ringer buffer at 37C 

of fat and fascia to avoid any 

of the uterine tissue which could 

stress the tissue and alter the contractile response. 

The receptor system which mediated the inhibitory effect of 

progesterone and its metabolites upon uterine contractility 

was determined using both the GABAA receptor antagonist, 

picrotoxin, and the progesterone receptor antagonist, RU486. 

These antagonists were added to the test buffer preparation 

with the steroid under investigation and thus the ability of 

the antagonist to inhibit the inhibitory action of the 

steroid was assessed. The doses of the antagonists were 

selected based upon the highest dose able to remain 

completely in solution when added to the modified Kreb's 

Ringer solution at 37C. There was no effect of either 16 

ug/ml progesterone receptor antagonist, RU486 (Fig. 45A), or 

32 ug/ml GABAA receptor antagonist,· picrotoxin (Fig. 45B), 

upon uterine contractility when the uterine tissue-was 

bathed in test solution containing the ·antagonist alone. 

There was also no effect of the either picrotoxin or RU486 

when administered alone on the total tension generated (Fig. 

46). 

C. Mediation of Uterine Contractility Through the 

Progesterone Receptor 

Progesterone at a concentration of 40 ug/ml was able 
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to dramatically inhibit the contractions of diestrous-II rat 

uteri that were under a resting tension.of 1 gram (Fig. 47 

A). The ability of progesterone to inhibit these 

spontaneous uterine contractions was blocked by RU486 (Fig. 

47B), but not picrotoxin (Fig. 47C). The development of 

the inhibitory effect of progesterone was observed within 2 

minutes after the uterine tissue was exposed to the steroid. 

The total tension was significantly inhibited by 

progesterone (p < 0.05) (Fig. 48) and its effect was blocked 

by RU486 and not picrotoxin (p < 0.05). 

The effect of the SB-reduced progesterone metabolite, 

SB-pregnane-3,20-dione, was also able to markedly inhibit 

the spontaneously generated uterine contractions of 

diestrous-II rats. Interestingly, the dose necessary for 

consistently inhibiting these uterine contractions was 1/4 · 

the dose necessary for a similar action by of progesterone 

(Fig. 47A vs. 49A). The inhibition of uterine contractility 

caused by ~B-pregnane-3,20-diorie was blocked by the 

progesterone receptor antagonist, RU486 (Fig. 49B) and not 

the GABAA receptor antagonist, picrotoxin (Fig. 49C).- As 

with progesterone, the uterine contractions were inhibited 

within 2 minutes after the tissue w~s exposure to SB

pregnane-3,20-dione. The total tension generated by the 

uterine tissue was significantly inhibited by SB-pregnane~ 

3,20-dione when compared to control levels (p < 0.05) and 
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this inhibition was blocked by RU486 and not-picrotoxin (p < 

C>.05) (Fig. 50). 

D. Mediation of Uterine Contractility Through- the 

GABAA Receptor 

After exposure to progesterone, the uterus accumulates 

high levels of 3a-hydroxy-Sa-pregnan-20-one (Karavolas et 

al., 1976) ... Interestingly, in these studies 3a-hydroxy-Sa

pregnan-20-one caused the most dramatic inhibition of 

uterine contractility (Fig. 51A}. The inhibition of 

spontaneously developed uterine contractions by this steroid 

metabolite was not affected by RU486 (Fig. 51B); the 

inhibitory effects were blocked, however, with concuirent 

administration of the GABAA receptor antagonist, picrotoxin 

(Fig. SlC). The dose of 3a-hydroxy-Sa-pregnan-20-6ne that 

yielded the most effective and consistent results was 27.5 

ug/ml, 6r approximately 1/2 of the dose required for the 

inhibitory action of progesterone (Fig. 47A vs. Fig. 51A). 

The total tension generated was significantly inhibited by 

3a-hydroxy~5a-pregnan-20-on~ as shown in Figure 52 (p < 

0.05), and this effect was blocked by picrotoxin and not 

RU486 (p < 0.05} when compared to the appropriate controls. 

The ability of 3B-hydroxy-SB-pregnan-20-one to inhibit 

the uterine contractions of a diestrous-II rat is shown in 

Figure 53A. The ability of this steroid to inhibit uterine 

contractility was blocked.by picrotoxin (Fig. 53C). Th~ 
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progesterone receptor antagonist, RU486 was-unable to alter 

the inhibitory effect of 3B-hydroxy-5B-pregnan-20-one upon 

uterine contractility (Fig. 53B). The dose used in these 

studies to inhibit contractions was 6 ug/ml, or 

approximately 1/~ of the dose required for consistent 

inhibitory effects by progesterone (Fig. 47A vs. Fig 53A}. 

The total tension generated by these tissue preparations 

under 1 gram of resting tension was reduced by 3B-hydroxy-

5B-pregnan-20-one when compared to control levels (p < 0.05) 

(Fig. 54). This inhibition was blocked by the GABAA 

receptor antagonist, picrotoxin and not by RU486 (p < 0.05)~ 
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DISCUSSION 

I. ACTH REGULATION OF GONADOTROPIN SECRETION 

While estrogen has long been known to be the 

primary trigger for gonadotropin secretion, preovulatory 

progesterone has been shown to be necessary'· for the ful 1 

manifestation of the release of LH and FSH (Rao and 

Mahesh, 1986). Antibodies to estrogen as well as 

estrogen antagonists administered on diestrus II will 

inhibit the release of preovulatory gonadotropins ( 

Shirley et al., 1968; Ferin et al., 1969; Labhsetwar, 

1970). Additionally, the removal of the ovary prior to 

ptoestrus will inhibit the preovulatory .gonadotropin 

surge. If, howev_er, the removal of the ovary is carried 

out on proestrus, the full gonadotropin surge will still 

be observed (Mann et al., _1975). The blockade of the 

release of gonadotropins incurred by ovariectomy on 

diestrus II can be overcome by the administration of 

estrogens. Interestingly, if the adrenal is also 

removed, the ability of estrogen alone to reinstate the 

gon~dotropins surge is lost. Thu~ the adrenal may play 

an important role in the regulation of gonadotrop{ns. In 

support of this, estrogen replacement must .be accompanied 
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by progesterone before the release of gonadotropins was 

observed in rats that were adrenalectomized and 

ovariectomized (Mann and Barraclough, 1973). 
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The corpus luteum releases large quantities of 

progesterone after the preovulatory release of 

gonadotropins. The levels of progesterone on proestrus 

are elevated 2 hours prior to the increase in LH (Kalra 

and Kalra, 1974;1977), and thus cannot be of corpus 

luteum origin. Therefore, it is important to determine 

this source of preovulatory progesterone as well as its 

role in synchronizing the gonadotropin surge. Shaikh and 

Shaikh (1975) have shown that prior to the release of LH 

and FSH, ovarian vein blood levels of progesterone do not 

increase, while elevated progesterone levels are found in 

the adrenal vein blood. Although these prior studies 

suggested that the elevation of preovulatory progesterone 

prior to the gonadotropin surge was of adrenal gland 

origin, they did not examine the physiological 

significance of the adrenal gland with ·respect to the 

release of gonadotropins. Therefore, we addressed this 

question by determining if the elevation of adrenal 

steroids following acute exogenous stimulation by ACTH 

would effect gonadotropin release. 
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In the preliminary studies, we ex~mined the effect 

of an acute dose of ACTH on the release of LH and FSH in 

intact, immature rats primed with estradiol.· ACTH 

administered acutely at 0900h caused a significant 

rel ease of ·both LH and FSH 6 hours after its 

administration. This raised the question as to what 

level of the reproductive axis was ACTH acting: ovary, 

adrenal, hypothalamus, pituitary or higher brain centers. 

Therefore, to determine this, specific organs were 

removed and the effect of ACTH administration was 

examined. The ability of ACTH to stimulate the release 

of LH and FSH was unaffected in estrogen primed animals 

that had been ovariectomized. This suggests that the 

ovary is not involved in the mediation of the sti~ulatory 

effect of ACTH. This is in agreement with numerous 

studies whereby ACTH had no effect upon ovarian 

steroidogenesis. The ability of ACTH _to stimulate the 

release of LH and FSH was lost, however, in estrogen 

primed ariimals that had been adrenalectomi~~d. At this 
. ' 

time, a direct effect of acute ACTH administration at the 

level of the hypothalamus or the pituitary could not be 

ruled out. To address this possibility, both the adrenal 

glands and the ovaries were removed and the effect of 

ACTH was examined. The administration ACTH to these 

animals showed no effect upo~ the release of either LH or 



FSH, demonstrating that 

directly at the pituitary 

the effect was ·not mediated 

or the hypothalamus. These 

studies clearly demonstrated that the stimulatory action 

of ACTH was mediated through the adrenal gland. 

Furthermore, the effect of ACTH was specif-ic as evidenced 

by the lack of effect upon gonadotropin secretion of a

MSH and ACTH~-10 to ovariectomized, estrogen-primed rats. 

In. agreement with the failure of a-MSH to affect 

gonadotropin release, we found that a-MSH failed to 

stimulate the release of either progesterone or 

corticosterone from the adrenal. The selection of these 

peptides was based upon previous studies whfch indicated 

that a-MSH enhanced LHRH-stimulated release of LH as well 

as to performs synergistically with progesterone upon the 

release of LH in immature rats (Aide and Celis, 1980). 

On the other hand, the peptide fragment ACTH4 -lO had no 

effect on adrenal steroidogenesis or gonadotropins 

secretion (Baldwin et al., 1974). These studies further 

demonstrated that exogenous stimulation of the adrenal 

gland by ACTH, in an appropriately estrogen primed rat 

could effect gonadotropin release. 

Since the adrenal secretes both steroid and 

catecholamines, it was nepessary to determine the exact 

adrenal mediator of the stimulation of gonadotropins. To 

determine if the mediator was steroidal, the 
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antiprogestin and antigluco6orticoid compound, RU486 was 

utilized. RU486 was administered 1 hour prior_ to·th~ 

acute injection of ACTH in ovariectomized, estroge~ 

primed rats. The ~timulatory effect of ACTH was blocked 

by this administration of RU486,· indicating that the 

adren~l mediator· was indeed steroidal. The adrenal 

secretes corticosterone and 

stimulation by ACTH. I~ these 

steroids were elevated_ 15 ·and 

progesterone after 

studies, levels of both 

30 minutes after ACTH 

administration in estrogen primed, ovariecto~ized rats. 

The animals in this study received purified porcin~ -

ACTHl-39. The in~bility of this ·preparation to affect 

serum progesterone 1 evel s .6 hours after its 

administration to -adrenalectomized, estrogen primed rats 

indicated the absence of pituitary LH or FSH 

contamination. 

The above· studies indicated that the adrenal 

mediator could be either progesterone or cortico~terone. 

To determine which adrenal steroid wa~ the active. 

mediator, two approaches were taken. 

of progesterone require estrogen 

induction of progesterone 

First, the actions 

priming ·for the 

receptors, while 

glucocorticoids do not re~uire · estrogen priming. Wh~n 

ACTH was administered to intact animals that did not 

receive estr6gen priming no· effect was seen upon the 



release of LH and FSH. This suggests that the adrenal 

mediator was progesterone and not corticosterone. 

Secondly, when either progesterone or corticosterone was 

administered to ovariectomized, estrogen primed rats and 

serum LH· and FSH levels were measured 6 hours later, only 

progesterone was able induce a release of gonadotropins. 

ACTH and PRL are elevated on proestrus in the rat 

prior to the gonadotropin surge (Smith et al., 1975; 

Buckingham, 1978). Additionally, a mid-cycle elevation 

of ACTH has been reported in the human (Genazzani, 1979). 

Also, mRNA for CRF has been shown to be increased on 

proestrus (Bohler et al;, 1990). Thus, from our above 

results, it can be suggested that an acute, mid-cycle 

release of ACTH in the rat and the human may participate 

in the preovulatory gonadotropin surge through mediation 

by adrenal progesterone. 

Recent work in our laboratory suggested a role of 

the adrenal in the facilitation of the release of LH and 

FSH in PMSG-primed rats. Rats that are ovariectomized on 

the day of the expected gonadotropin surge will still 

have significant levels of LH and FSH when compared to 

control rats. The administration of RU486 to these PMSG

primed, ovariectomized rats, however, resulted in a 

significant decrease in both LH and FSH indicating an 

important role for the preovulatory adrenal production of 
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steroids, most likely progesterone, in the release of 

gon•dotropins (Brann, Putnam and Mahesh, unpublished). 

This is in agreement with the results of Rao and Mahesh 

(1986) in which both intact cycling and intact PMSG

treated rats had attenuated levels of both LH and FSH 

release when RU486 was administered prior to the 

preovulatory surge. 
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A role for the adrenal gland in reproduction has 

been suggested by other investigators. Gelato and 

coworkers (1978) have shown that adrenalectomy before day 

25 will delay puberty and corticosterone must be-

admini~tered 

puberty. 

to adrenalectomized 

Adult cycling rats 

rats 

that 

to reinstate 

have been 

adrenalectomized and maintained on saline will continue 

to cycle although, their cycles will become increasingly 

irregular. Animals that are adrenalectomized on 

proestrus exhibit an attenuated release of both LH and 

FSH (Lawton, 1972). Additionally, a week of acute, 

intermittent stress to aged, non-cycling mice will 

increase fertility (Paris et al., 1973). These studies 

indicate that acute_ stress or acute ACTH treatment is 

stimulatory upon the reproductive system. 

The stimulatory effect ·of ACTH upon gonadotropins 

secretion observed in our studies was in direct conflict 

with previous studies demonstrating that ACTH .was 



inhibitory upon the releas• of LH and FSH. These studies 

predominantly used male rats or long term ovariectomized 

rats that were non-estrogen primed and received chronic 

ACTH administration (Ogle, 1977; Mann et al., 1982; Mann 

et al., 1985) The inhibitory effects of chronic stress 

or chronic ACTH on the release of gonadotropins has also 

been shown to be mediated through the adrenal (Mann et 

al., 1985). 

Therefore, the acute and chronic effect of stress or 

ACTH upon the release of gonadotropins are different. 

Acute stress or ACTH is facilitory whereas chronic stress 

or ACTH is inhibitory to gonadotropin release. This is 

strikingly similar to the observed effect of acute and 

chronic progesterone treatment upon LH and FSH release 

both in vivo and in vitro (Ortmann et al., 1989; Krey et 

al., 1990). 

II. THE IMPORTANCE OF PROGESTERONE METABOLITES IN THE 

RELEASE OF LH AND FSH 

A. Sa-Reduced Progesterone Metabolites 

The ability of certain progesterone metabolites to 

facilitate the secretion of LH and FSH has been shown by 

several investigators. A physiological role for the 

progesterone metabolite, Sa-pregnane-3,20-dione, was 

shown by its selective release of FSH in immature, 

ovariectomized, estrogen primed rats (Murphy- and Mahesh, 
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1984a). The selective release of LH by 3~-hydroxy-Sa-

pregnan-20-one was also demonstrated in this animal model 

in which estrogen priming was administered in corn oil 

injection for a period of 4 day or 5 days following 

ovariectomy (Murphy and Mahesh, 1984b). The ability of 

Sa-pregnane-3,20-dione to selectively release FSH was 

confirmed in a newly developed model which· used 

ovariectomized rats that r~ceived a two wave mode of. 

estradiol priming that is more in concert with the actual 

appearance of estrogen in the ~ycling rat. The ability 

of 3a-hydroxy-Sa-pregnan-20-one to selectively release LH 

was also confirmed in this model (Brann~ et al., 1990). 

Other investigators have demonstrated an effect of these 

two metabolites upon the release of LH and FSH using long 

term ovariectomized, estrogen-primed rats and 

pharmacological levels of progesterone metabolites (Fink 

and Henderson, 1977; Nuti and Karavolas, 1977; Zanisi and 

Martini, 1975, 1979). Long-term ovariectomized rats when 

given appiopriate estrogen priming, will exhibit daily 

afternoon LH surges (Caligaris et al., 1971; Legan et 

al., 1975). Thus, the interpretation of the sole effect 

of the progesterone metabolite upon the release of LH or 

FSH would be difficult to separate from the eftect 

induced by estrogen. The data in this study demonstrated 

the effect of· progesterone metabolites in a new model 



that allowed for estrogen induced de~elopment of 

progesterone receptors without daily estrogen induced LH 

surges. The levels of progesterone metabolites were also 

much lower·and therefore more ph~siological. 

In these studies, 3a-hydroxy-Sa-pregnan-20-one was 

not only able to selectively release LH at a dose of 1.6 

mg/kg BW, but at a lower dose of 0.8 mg/kg BW it caused 

release of both LH and FSH. Also, Sa-pregnane-3,20-dione 

was inhibitory upon the release of LH at 0.4 mg/kg BW~ 

yet stimulatory upon FSH at 0.8 mg/kg BW indicating a 

dose related effect upon the selective release of 

gonadotropins caused by progesterone metabolites. Other 

investigators have shown that an inhibition or 

stimulation of LH and FSH secretion by progesterone was 

dose dependent in the rat.and the human (Caligaris, 1968; 

McPherson and. Mahesh, 1975; 1979; Chang and Jaffe, 1978; 

~DePaolo and Barraclough, 1979; Ratka and Simpk~ns, 1990). 

3a-hydroxy-Sa-pregnan-20-one lowered LHRH content in 

the hypothalamus while increasing serum LHRH levels in 

ovariectomized rats with pituitary implants of ethinyl 

estradiol (Zanisi and Mart~ni, 1979). Levels of LHRH 

were unaffected by Sa-pregnane-3,20-dione treatment. 

Gilles and Karavolas (1981) did not observe any change in 

hypothalamic LHRH content in ovariectomized, estrogen 
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primed rats with either 3a-hydroxy-5a-pregnan-20-one or 

Sa-pregnane-3,20-dione. 

3B-hydroxy-Sa-pregnan-20-one is not a progesterone 

metabolite formed in neuroendocrine tissue, however, it 

is secreted by the rat ovary with peak concentration on 

proestrus (Holzhauer, 1971). In this study, the 

administration of 3B-hydroxy-Sa-pregnan-20-one 

significantly inhibited the release of both LH and FSH. 

Martini and Zanisi (1979) demonstrated that FSH levels 

were elevated by 3B-hydroxy-5a-pregnan-20-one with no 

effect upon LH in animals that had median eminence 

implants of ethinyl estradiol. Interestingly, however, 

progesterone metabolite the administration of this 

greatly enhanced the response to LHRH when compared to 

estrogen treated controls. The results in our studies 

contrast to these selective and stimulatory effects 

reported by Martini and Zanisi, however, the animals 

models used must be considered. In our studies, 

immature, ovariectomized rats were administered two 

subcutaneous injections of 17B-estradiol in a two wave 

manner which closely mimics the pattern of estrogen in 

the cycling rat. Also, the dosages used in this study 

were in a range from 0.1-3.2 mg/kg BW for all test 

steroids. Contrastingly, the experimental model used by 

Martini and Zanisi was a long term ovariectomized rat 
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that was implanted with ethinyl estradiol 5 days prior to 

the administration of 100 ug progest~rone metabolite/ 

rat. This background difference of both type of estrogen 

as well as mode and dosage of estrogen priming might well 

provide the reason for the difference in effect. ~een by 

this progesterone metabolite. 

B. SB-Reduced Progesterone Metabolites 

The SB-reduced metabolites of progesterone are 

potent anesthetic agents in the CNS (Selye, 1941; Gyermek 

et al, 1967; Gyermek et al., 1968) as well as modifiers 

of sexual behavior in the rat (Rodriguez-Manzo et al., 

1986.; Dhar et al., 1987). It has been reported· that 3B

hydroxy-5B-pregnan-20-one is 1000-fold more potent than 

progesterone in stimulating the release of LHRH both in 

vivo and in vitro (Park and Ramirez, 1987). The data 

from our study show a selective release of LH with 

relatively low doses of 3B-hydroxy-5B-pregnan-20-one (O.l 

and 0.2 mg/kg BW). The lack of effect by higher doses of 

this steroid might be the result of an anesthetic effect 

on the CNS that might be masking the stimulatory effect 

of this progestin. The stimulatory and selective release 

of LH by SB-pregnane-3,20-dione w~s demonstrated in this 

animal with higher dosages being effective when compared 

to the dose used for 3B-hydroxy-SB-pregnan-20-one. This 

might be explained by a decreased anesthetic potency of 
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SB-pregnane-3,20-dione when compared to 3B-hydroxy-SB

pregnan-20-one. 

A change in the amplitude and frequency of LHRH 

secretion selectively releases LH or FSH (Wildt, 1981). 

Thus, as with the mechanism of action of progesterone, 

both the Sa- and SB-reduced metabolites of progesterone 

might be acting directly at the level of the hypothalamus 

to alter the release and/or synthesis of LHRH. In 

addition, these metabolites might act to alter the 

pituitary sensitivity to LHRH. 

C. 20a-Hydroxy-4-pregnen-3-one and Its Sa-Reduced 

Metabolites 

Progesterone and 20a-hydroxy-4-pregnen--3-one are 

the two major progestins of the rat estrous cycle 

(Hashimoto et al., 1968; Goldman et al_., 1969; Nequin et 

al~, 1979). While several investigators have shown that 

both progesterone and 20a-hydroxy-4-pregnen-3-one are 

elevated prior to the gonadotropin surge on proestrus, 

the relationship of these two progestins and their role 

with respect to gonadotropin secretion has not been fully 

characterized. In both pituitary and hypothalamic 

tissues, 20a-hydroxy-4-pregnen-20-one is a more potent 

substrate for Sa-reducta~e than is progesterone (Cheng 

and Karavolas, 197Sa; Cheng and Karavolas, 1975b). It is 

not clear whether 20a-hydroxy-4-pregnen-3-one or its Sa-
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reduced metabolites have a biphasic rol~ upon 

gonadotropin secretion (similar to that of 

~rogesterone). Several investigators have shown that 

~Oa-hydroxy-4-pregnen-3-one has increased the levels of 

LH and FSH (Swerdloff et al., 1972; Brown-Grant, 1974; 

Zanisi and Martini, 1979} in estrogen-primed, long term 

ovariectomized rats. In contrast, 20a-hydroxy-4-pregnen-

3-one failed to restore the LH surge on proestrus in 

acutely estrogen-primed rats that had estrogen priming 

(Fink and Henderson, 1977) and also in acutely 

ovariectomized-adrenilectomized, estrogen-primed ·rats 

(Wilson et al., 1978}. 20a-hydroxy-4-pregnen-3-one can 

inhibit the release of FSH in pituitary cell cultures and 

either enhance the pituitary responsiveness to LHRH (Tang 

and Spies, 1975) or antagonize the estrogen induced 

responsiveness of the pituitary to LHRH (Hsueh et al., 

1979). The selection in our study of 20a-hydroxy-4-

pregnen-3-one was to determine if ·2oa-hydroxy-4-pregnen-

3-one could also modulate gonadotropin secretion in this 

animal model. No effect of this steroid was observed at 

a dose range of 0.2 - 7.5 mg/kg BW. 

Table 1 summarizes the effect of various 

progesterone metabolites on gonadotropin secretion in our 

experiments. The overall conclusions are that the 
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Table 1. Summary of the effect of various progesterone metabolites 
on gonadotropin secretion. 

Structure Dose Effect on Effect on 
(mg/kg) LH Secretion FSH Secretion 

0.4 
Sa-pregnane-3,20-dione 

0.8 

0.4 

3a-hydroxy-Sa-pregnan-20-one 0.8 

1.6 

0.1 

0.2 

3B-hydroxy-5a-pregnan-20-one 0. 4 "' -----+------------------11 
0.8 "' 
1.6 

3.2 

SB-pregnane-3,20-dione 
0.4 

0.8 

0.1 

0.2 

3B-hydroxy-SB-pregnan-20-one 0. 4 -----+-------------------0. 8 - -
1.6 - ··.· .. ·.· ......... ·.·.·.·.·.·. -

0.2 - -
0.4 -
0.8 - -20a-hydroxy-4-pregnen-3-one 
1.6 -
3.2 -
7.5 -

- = No Effect .J, = Inhibit ~= Stimulate 



effects depend upon the type of the .progesterone 

metabolite and the dose utilized. 
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The following results were found with respect to the 

Sa-reduced progesterone metabolites: a) Sa-pregnane-3,20-

dione either inhibited LH or stimulat~d FSH depending 

upon the dose u~ed, b) 3a-hydroxy-Sa-pregnan-20-one was 

stimulatory upon· LH and FSH secretion at one dose but 

selectively released LH at another dose and c) 3B

hydroxy-Sa-pregnan-20-one inhibited both LH and FSH 

eith~r selectively or together depending upon the dose 

tested. This result was interesting and parallels an 

observation by: Wiebe and Wood (1987) whereby 3a-hydroxy-

4-pregnen-20-one which is produced by Bertoli cells in 

the rat (Wiebe, 1982) selectively suppressed serum FSH 

levels in vivo in both male and female intact and 

castrate rats. The effect of 3a-hydroxy-4-pregnen-20-one 

upon the selective suppression of )SH has also been 

recently demonstrated in anterior pituitary cultures from 

randomly cycling female rats (Wood and Wiebe, 1989). The 

SB-reduced metabolites, SB-pregnane-3,20-dione and 3B

hydroxy-SB-pregnan-20-one, selectively stimulated LH at 

several doses tested; no effect was seen upon FSH with 

any dos~ e~ployed of SB-progesterone metabolites. 

No effect was seen in our study with 20a-hydroxy-4-

pregnen-3-one at any dose utilized. 
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III. PHYSIOLOGICAL IMPORTANCE OF THE SA-REDUCTION OF 

PROGESTERONE IN THE RELEASE OF GONADOTROPINS 

The ovarian control of the progestin metabolizing 

enzyme, Sa-reductase, has led many investigators to 

examine the necessity of £his reduetion for the 

reproductive functioning in the rat~ Levels of Sa

reductase fluctuate:throughout the cycle.in the pituitary 

with highest levels on proestrus and estrus while lowest 

levels were on diestrus I and II (Krause et al., 1981). 

These changes in Sa-reductase levels appeared to be 

inversely dorrelated to plasma estradiol levels of the 

cycle (N~quin et al., 1975). No significint changes were 

observed in ihe hypothalamus throughout the cycle with 

whole hypothal~mic preparations, however when discrete 

areas of the brain were assessed, the median eminence 

showed the highest levels of this enzyme; these levels 

were depressed only during estrus (Bertics et. al., 1987). 

The biochemical studies as well as ovarian control of 

this enzyme notwithstanding, an exact ph~siological r6le 

for th~ Sa-reduction of progesterone with respect to 

gonadotropin secretion has not been proven. The data 

presented iti these studies examined the necessity of Sa

reduction for the manifestation of progesterone action 

upon the release of LH and FSH. When progesterone was 

administer~d to ovariectomized,· estrog•n ptimed rats at 



0. a· mg/kg BW, a stimul a.ti·on of LH and FSH rel ease was 

observed. To determine if Sa-reduction was a 

prerequisite for this action of progesterone, 0.8 mg/kg 

BW dose of progesterone was administered in the presence 

of a potent Sa-ieductase inhibitor, NrN~diethyl-4-methyl-

3-oxo-4-aza-5-androstane-17B-carboxamide. No effect :was 

seen upon the progesterone stimulat~d release of LH or 

FSH. This lack of effect upon progesterone·stimulated 

gonadotropin release could possibly be explained in two 

ways: 1) the inhibition of pituitary Sa-reductase was 

lost by 1500h, the time of gonadotropin measurement or 2) 

the 1- mg/rat dose of the Sa-reductase inhibitor was not 

sufficient to block pituitary Sa-reductase activity. 

Therefore, two modifications were made in the ·next series 

of experiments. First, a higher dose, 2 mg/rat, of the 

inhibitor was used. Additionally, the level of Sa

reductase activity were measured just after the 

administration of progesterone in both the pituitary and 

the hypothalamus. to ensure adequate· inhibition of 

progesterone Sa-reductase at the time of progesterone 

adm;nistration. Acute inhibition of Sa-reductase 

activity at this time was thought to be sufficient since 

progesterone ·is rapidly metabolized to its Sa-reduced 

metabolites within 15 minutes after its exposure to 

neuroendocrine tissues (Karavolas et al., 1976). After 
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these mo4ifications, Sa-reductase activity in both 

pituitary and hypothalamic tissues. was inhibited at 

0915h, the time just subsequent to progesterone 

administration. However, even with this higher dose of 

inhibition, no eff~ct by the Sa-reductase inhibitor was 

observed upon progesterone stimulated gonadotropin 

secretion. Our initial conclusion at this time was that 

the ability of progesterone to stimulate gonadotropin 

release did not require Sa-reduction as a prerequisite 

for action. This agrees with pituitary cell culture 

studies in which testosterone inhibited LHRH-stimulated 

LH secretion in the presence of a Sa-reductase inhibitor. 

Thus, the conversion of testosterone to its active 

metabolite, Sa-dihydro- testosterone, is not a 

prerequisite for biological action (Liang et al., 1984). 

Since the levels of progesterone rise throughout 

proestrus and are significantly elevated at least 2 hours 

prior to. the elevation of LH- (Kalra and Kalra, 

1974;1977), it was of interest to determine whether the 

preience of progesterone after th~ inhibition of Sa

reductase was lost would allow for the release of 

gonadotropins. The administration of progesterone at 

noon, a time past the effedtive inhibition of Sa

reductase activity, to ovariectomized estrogen primed 

rats stimulated the release of both LH and FSH~ This 
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suggests that any prog~sterone not cleared within two 

hours could· affect the release of· gonadotropins. 

Therefore, a· sustained level of Sa-reductase inhibition 

was attempted throughout the , afternoon following 

progesteione administration to ovariectomiz~d, estrogen 

primed rats. .The sustained inhibition of Sa-reductase 

activity significantly attenuated the· levels of 

progesterone induced FSH release but had no effect upon 

the release of LH. This effect was not due _to any 

agonistid properties of the inhibitor since the levels of 

goriadotropins were unaffected by the inhibitor when 

administered alone. Krey et al.· (1990) also found a lack 

of effect of Sa-reductase -inhibition upon progesterone 
' / 

enhanced LHRH-stirnulated LH release in vitro however FSH 

levels were riot measured.· 

The sele~tive effect of Sa~reductase inhibition upon 

release may have 
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progesterone 

physiological 

stimulated 

significance 

FSH 

during the times ·when· 

divergent gop;adotropin release is observed, sl,lch as the_ 

secondary surge of FSH on estrous morning. In support of 

this, levels. of Sa-reductase fluctuate throughout the 

cycle in the pituitary with highest levels on proestrus 

and estrus while lowest·levels were present on diestrus I 

and II (Krause et al., 1981). Th~t progester6ne, and 

thus possibly Sa-reduced· progesterone metabolites, are -



important in the estrous FSH surge has been.demonstrated 

by the findings that RU486 as well as epostane, a 

progesterone synthesis inhibitor, significantly attenuate 

the estrous FSH surge when administered on proestrus 

(DePaulo, 1988; Schwartz et al., 1990). 

IV. IMPORTANCE OF PROGESTERONE METABOLITES IN THE 

REGULATION OF PROLACTIN AND CORPUS LUTEUM FUNCTION 

It has been well demonstrated that the corpus luteum 

secretes progesterone for only 2 to 3 days before 

regression in the rat estrous cycle. Under certain 

circumstances such as cervical stimulation, the 

regression of the corpus luteum does not occur but 

instead it continues to secrete.progesterone for about 12 

days. It has been shown repeatedly that prolactin is the 

only hormone that can maintain the fully operational 

corpus luteum in a hypophysectomized rat (Astwood, 1941; 

Macdonald and Greep, 1968). Further work demonstrating 

the importance of prolactin in· the conversion of the 

estrous cycle corpus luteum into the corpus luteum of 

· pseudopregnancy was shown with the comparison of the 

hormonal status of an animal in pseudopregnancy and one 

that is undergoing regression of the corpus luteum (Smith 

et al., 1975). The proestrous surge of prolactin 

required the elevated levels of estrogen on both the 

afternoon and evening of diestrus-II~ ·Inhibition of this 
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estrogen secretion by ovariectomy on diestrus II by 

estrogen antagonists or by antibodies to estrogen block 

the release of prolactin (Schwartz, 1964; Shirley et al., 

1968; Ferin et al., 1969; Neill et al., 1971). Recent 

work has demonstrated that progesterone and Sa-pregnane-

3,20-dione deplete the occupancy of nuclear estrogen 

receptors in the anterior pituitary (Smanik et al.,-1983; 

Calderon et al, 1987; Smanik et al., 1989; Fuentes et 

al., 1990). The biological ~ignificance of this 

depletion was demonstrated by the progesterone and Sa

pregnane-3,20-one antagonism of estrogen· induced 

prolactin release (Brinn et al., 1989; Brann et al.~ 

1990). This effect was observed only in estrogen primed 

animals and during the-time of nuclear occupancy of the 

progesterone receptor (1 - 2 hours). This data led to 

the question of whether other progesterone metabolites 

might be able to antagonize estrogen stimulated prolactin 

release. If so, then these metabolites of _progesterone 

might be involved in a feedback mechanism whereby 

progesterone and its metabolites would regulate the 

prolactin control of corpus luteum function. Thus, the 

ability of several progesterone metabolites to inhibit 

estrogen stimulated prolactin release was examined. Sa-

pregnane-3,20-dione was as potent 

inhibiting the estrogen stimulated 

as progesterone 1n 

prolactin release. 



This effect was lost when the metabolite· was further 

reduced in the 3a-position or 20a-position. The 

resulting metabolite, 5a-pregnane-3a,20a-diol, caused a 

dramatic restoration of the inhibitory effect upon the 

estrogen stimulated prolactin release. An inhibition of 

estrogen stimulated prolactin release was also seen with 

3B-hydroxy-Sa-pregnan-20-one, however this inhibition was 

weak when compared to that induced by Sa-pregnane-3,20-

dione. 

The SB-reduction product of progesterone, SB-

pregnane-3,20-dione, had no .effect upon estrogen 

stimulated prolactin release. However, the additional 

reduction of the 3-ketone to either an alpha or beta 

hydroxyl group yielding 3a-hydroxy-SB-pregnan-20-one or 

3B-hydroxy-SB-pregnan-20-one resulted in progesterone 

metabolites that showed a strong inhibition of estrogen 

stimulated prolactin release. 

An inhibition of estrogen stimulated prolactin 

release was caused by 20a-hydroxy-4~pregnen-3-one but not 

20B-hydroxy-4-pregnen-3-one indicating that the presence 
\ 
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of a 20a-hydroxyl group in the presence of a 4-3-ketone

group was also effective in inhibiting estrogen induced 

prolactin release. Th~ ability of this compound to 

inhibit prolactin release was comparable to that of 

progesterone (Brann et al., 1990). 



Table 2 summarizes 

progesterone metabolites on 

stimulated prolactin r~lease. 

the effect . of various 

the inhibition of estrogen 

The results :indicate that 

several progesterone. 

~ntagonizing the· action 

metabolites are effective in 

with respect to of estrogen 

prolactiri stimulation. In our study, Sa-pregnane-3 was 

the most potent inhibitor of prolactin release followed 

in potency by 3B-hydroxy-SB-pregnan-20-one and then 3a

hydroxy-SB-pregnan-20-one. The progesterone metabolites 

20a-hydroxy-4-pregnen-3-6ne, 

3B-hydroxy-Sa-pregn~n-20-orte 

Sa-pregnane-3 1 20-dione and 

significantly inhibited 

estrogen stimulated prolactin release, however they were 

not as 1 potent. 

While no clear cut parallels can be drawn between 

the degree of inhibition and the structural alterations 

of the progesterone molecule, it is evident that several 

progesferone metabolites inhibit estrogen stimulated 

prolactin release and thereby control luteal function. 

v. THE MECHANISM BY WHICH PROGESTERONE AND 

PROGESTERONE METABOLITES MEDIATE THE INHIBITION 

OF UTERINE CONTRACTILITY 

The importance for progesterone in the maintenance 

of pregnancy has been demonstrated by several 

investigators and involves an immunosuppressant action 

(Siiteri et al., 1976; Siiteri and Stite, 1982) as well 
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--- ·Table 2. Summary of the effect of various progesterone metabolites on the inhibition of 
estrogen sthri uiated prolactln release. 

STE~OID 

20a-hydroxy-4-pregnan-20-onc 

20B-hydroxy-4-pregn en-3-one 

)//},:::- :,·:;···;;·;:. ·._.;.;·. : .. ·. .. . . 

:.-:-:-: :.·.· .. ;; ::····· .··.·.•· ..... : ... <.:.:• .·.· 

Sa-pregnane-3,20-dione 

3a-hydroxy-5a-pregnan-20-one 

20a-hydroxy-5a-pregnan-3-one 

Sa-pregnane-3a,20a-diol 

DOSE 
(mg/kg) 

3B-hydroxy-5a-pregnan-20-one 

SB-pregnane-3,20-dlone 

3a-hydroxy-SB-pregnan-20-one 

3B-hydroxy-5B-pregnan-20-one 

0.1 

X 

X 

J, 

X = Not Used - = No Effect 

0.2 0.4 0.8 1.6 3.2 

J, 

X 

.-. .-.• .. 

X J, J, X 

.J, .J, 

J, J, J, J, 

.J, J, .J, .J, J, 

.J, = Inhibit 1'= Stimulate 
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as the facilitation of implantation (Moriyama_ and Sugawa, 

The ability of progesterone to facilitate 
. -

implantation and to maintain pregnancy is achieved 

through the regulation of uterine motility (Finn and 

Porter, 1975; Csapo and Resch, 1979). Administration of 

progesterone antibodies induces termination of pregnandy 

(Csapo et al., 1975). Additionally, the administration 

of progesterone synthesis inhibitors in both the rat and 

the sheep have an abortifacient effect (Creange et al., 

1978, Csapo et al., 1979; Carnathan et al., 1981; Taylor 

et al., 1982). In the human, removal of the corpus 

luteum in early. pregnancy induces an activation of 

myometrial contract·ions that is directly proportional to 

the decrease of progesterone concentration (Csapo and 

Pulkkinen, 1978). Within the past dec~de, the ability of 

progesterone metabolites to inhibit uterine contractility 

has been demonstrated (Kubli-Garfias et al., 1979). 

Structural changes in these metabolites lead to great 

changes in the potency of the inhibitory actions of· these 

metabolites. Certain SB-reduced progesterone metabolites 

such as SB-pregnane-3,20-dione and 3B-hydroxy-5B-pregnan-

20-one were significantly more potent than progesterone 

or its Sa-reduced metabolite, Sa-pregnane-3,20-dione, 

with respect to the inhibition of uterine contractility. 

The Sa-reduced progestins were completely ineffective in 



the inhibition of uterine contractility, unless an 

additional reduction of the A-ring ketone was made as 

with 3a-hydroxy-5a-pregnan-20-one (Kubli-Garfias et al., 

1979; Kubli-Garfias, 1987). Recently, it was shown that 

the progesterone metabolite, 3a-hydroxy-Sa-pregnan-20-

one, binds to the GABAA receptor with high af fin_i ty, 

stimulates chloride uptake and potentiates the inhibitory 

actions of GABA in cultured rat hippocampal neurons 

(Majewska et al., 1985). The ability of 3a-hydroxy-5a

pregnan-20-one to selectively release LH from the 

anterior pituitary was also mediated through the GABAA 

receptor and not the progesterone receptor (Brann et al., 

1990). The accumulation of 3a-hydroxy-5a-pregnan-20-one 

in the uterus was higher than any other progestin after 

systemic administration of progesterone (Karavolas et 

al., 1976). Since 3a-hydroxy-5a-pregnan-20-one has not 

exhibited any affinity for the uterine progesterone 

receptor, it was of interest to determine if the 

mediation of the inhibition of uterine contractility by 

it and other progesterone metabolites could be through 

the ~ABAA receptor. 
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In these studies, an in vitro model was established,

in which uterine tissue from diestrous rats was used. 

The ability of progesterone and selected metabolites to 

inhibit spontaneous uterine contractions was examined. 
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In agreement with Kubli-Garfias and coworkers (1979), we 

found that progesterone was less effective than any of 

the other metabolites tested. This observation was based 

upon the fact that more progesterone was needed to bring 

about a significant reduction in uterine contractility 

than other progestins used. Also in agreement with 

Kubli-Garfias (1979), the most potent metabolite was 3B

hydroxy-5B-pregnan-20-one (6 ug/ml), followed by SB

pregnane-3,20-dione (10 ug/ml) and 3a-hydroxy-5a-pregnan-. 

20-one (27.5 ug/ml). The effect of both 3B-hydroxy-5B-

pregnan-20-one and 3a-hydroxy-5a-pregnan-20-one appeared 

through the GABAA receptor since to be mediated 

picrotoxin blocked their inhibitory effects upon uterine 

contractility whereas RU486 was completely ineffective in 

altering the inhibition of these two compounds upon 

uterine contractility. In contrast, both progesterone 

and SB-pregnane-3,20-dione mediated the inhibition of 

ute~ine contractility through the progesterone receptor 

since their effects were blocked by RU486 and not 

picrotoxin. 

GABAA receptors are found in the uterus of both the 

rat and the rabbit (Erdo, 1984; Majewska et al., 1989) 

and 3a-hydroxy-5a-pregnan-20-one has been shown to bind 

to this receptor (Majewska et al., 1989). Additionall_y, 

GABA inhibits uterine contractility in rabbit uterine 



muscle acting through the GABAA receptor (Riesz and Erdo, 

1985). 

In conclusion, these studies show that progesterone 

and its metabolites of both adrenal and ovarian origin 

play a significant role in regulating the gonadotropin 

surge leading to ovulation, regulating corpus 1uteum 

function by regulating prolactin secretion and inhibition 

of uterine contractility. These actions are mediated 

through progesterone as well as GABAA receptors. 
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SUMMARY 

It is well_ known that estrogen is the primary trigger 

in the gonadotropin surge, however the involvement of 

progesterone in this process is much less understood. The 

evidence that progesterone rises at least 2 hours before 

basal LH levels begin to rise on proestrous (Shaikh and 

Shaikh, 1974; Kalra ~nd Kalra, 1974;1977) suggests that the 

adrenal progesterone is involved in the preovulatory release 

of LH and FSH. The data presented in this study revealed 

that acute administration of ACTH was capable of 

significantly releasing both LH and FSH. This effect was 

mediated through the adrenal since adrenalectomy abolished 

the stimulatory effect of ACTH upon gonadotropin release; 

ovariectomy had no effect upon th~ stimulatory action of 

ACTH upon gonadotropin release. The stimulation of LH and 

FSH release was specific for ACTH since the administration

of both a-MSH and ACTH4-lO had no effect upon gonadotropin 

release. The mediator of this stimulatory act~on by ACTH 

appeared to be an adrenal steroid since the action was 

blocked by administration of the potent antiglucocorticoid 

and antiprogestin, RU486. Two pieces of evidence suggest 

that progesterone is the active mediator of the stimulatory 

release of LH and FSH by ACTH: a) corticosterone failed to 
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stimulate the release of gonadotropins and b) the· 

stimulatory action of ACTH required estrogen priming. 

Progesterone metabolites have been isolated from 

ovarian vein, adrenal vein and peripheral vein blood. A 

common belief is that· steroid metabolism is merely a means 

to clear the levels of steroid from the circulation. 

However this report shows that there is a biological ~£feet 

upon gonadotropin secretion by progesterone metabolites, 

~specially Sa-pregnane-3,20-dione and 3a-hydroxy-Sa-pregnan-

2b-one. These Sa-reduced progesterone metabolites 

selectively release either FSH or LH or both gonadotropins 

depending·upon the dose .administered. On the other hand, 

3B-hydroxy-Sa-pregnan-20-one suppressed LH and FSH secretion 

at several dose levels. 

The SB-reduced progesterone met~bolites, on the other 

hand, have genetally not been considered to retain 

biological activity. This study demonstrates that SB-

pregnane-3,20-dione and 3B-hydroxy-SB-pregnan-20-one do 

regulate gonadotropin secretion. At the doses used in this 

study, these two progesterone metabolites cause LH release 

with no effect upon the release of FSH. 

Althotigh the secretion of 20a-hydroxy-4-pregnen-3-one 

parallels that of progesterone and it is found in higher 

·quantities than progesterone throughout the estrous cycle, 
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no consistent effect was seen by 20a-hydroxy~4~pregnen-3-one 

on the release of LH and FSH in this study. 

Thus, while no direct correlatiorts can be drawn as to 

stereoconformational changes and the selective or parallel 

release or inhibition of gonadotropins, it is apparent that 

both Sa- and SB-reduced progesterone metabolites participate 

in the selective release or inhibition of LH or FSH. 

A significant decrease of progesterone stimulated FSH 

secretion was observed under conditions of sustained 

inhibition of Sa-reductase activity. There was no effect on 

the progesterone stimulated release of LH by sustained or 

acute sa~reductase inhibition. Although progesterone caused 

release of both LH and FSH under acute inhibition of Sa

reductase activity, sustain~d Sa-reductase inhibition 

significantly decreased the release of progesterone 

stimulated FSH and confirms the importance of Sa-reduced 

progesterone metabolites in the control of FSH release. 

Progesterone is rapidly metabolized at neuroendocrine 

tissues and the animals in this study were ovariectomized, 

thus these results also suggest an important role for 

continued progesterone secretion by the adrenal throughout 

the afternoon of the preovulatory gonadotropins surge. 

The ability of progesterone arid Sa-pregnane-3,20-dione 

to deplete the levels of occupied nuclear estrogen receptors 

in the pituitary has been recently shown (Smanik et al., 



1983; Calderon et al., 1986; Fuentes 

depletion of estrogen receptors by 

pregnane-3,20-dione was found to 
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et al·., 1989). This 

progesterone and Sa

have biological 

significance through the inhibition of estrogen stimulated 

prolactin release (Brann et al., 1989; Brann et al., 1990). 

This study demonstrated that many progesterone metabolites, 

in addition to Sa-pregnane-3,20-dione retain biological 

activity through the antagonism of estrogen-induced 

prolactin release. Since the secretion of progesterone by 

the functional corpus luteum regulated by prolactin, the 

ability of progesterone and its metabolites to restrict the 

availability of prolactin suggests an intricate feedback 

mechanism whereby progesterone and its metabolites can. 

regulate the function of the corpus luteum. 

After the preovulatory gon~dotropin surge and 

·subsequent 

facilitation 

ovulation, progesterone is 

of implantation and 

important in 

the maintenance 

the 

of 

pregnancy. These actions of progesterone are through both 

its imrnunosuppressive action as well as its ability to 

inhibit myometrial contractions. Several progesterone 

metabolites have been shown to inhibit uterine contractility 

as well or better than progesterone. 

Recent reports in rat brain tissue 

that certain progesterone metabolites 

affinity to the GABAA receptor complex. 

have demonstrated 

bind with high 

Several of these 
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progesterone metabolites do not have high affinity for the 

progesterone receptor. The data-in this study revealed that 

the actions of progesterone and progesteron~ metabolites 

upon the inhibition of uterine contractility in a diestrous

II rat were manifested through the GABAA receptor system as 

well as the progesterone receptor system. Both progesterone 

and 5B-pregnan-3,20-dione consistently inhibited the 

spontaneously developed uterine contractions; this 

inhibition was blocked by the progesterone receptor 

antagonist, RU486. The GABAA receptor antagonist, 

picrotoxin, blocked the inhibitory effect of both 3a

hydroxy-Sa-pregnan-20-one and 3B-hydroxy-SB-pregnan-20-one 

upon uterine contractility. 

The results presented were: a) the involvement of the 

adrenal gland in the· preo~ulatory release of gonadotropin 

secretion through the secretion of progesterone, b) the 

regulation of both selective and parallel gonadotropin 

secretion, c) the importance of progesterone Sa-reduction 

with respect to FSH release, d) the regulation of the 

prolactin secretion by progesterone metabolites and e) the 

ability of progesterone and progesterone metabolites to 

inhibit uterine contractility was mediated through both the 

GABAA receptor system and the progesterone receptor system. 

These studies offer evideµce for the 

adrenal gland in reproductive success 

importance of the 

as well as the 
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biological significance of the multifaceted action of 

progesterone and its metabolites ,in the proper maintenance 

of reproductive function in the female rat. 
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