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The rat ovary secretes, in addition to pro- 
gesterone, a series of other related steroids. 
Among these are prominent 20a-hydroxy- 
pregn-4-en-3one (20a-progesterone7 20a-P) 
(1-6), and its Sa-reduced metabolite 5a-preg- 
nane-3a, 20a-diol(5a-diol) (6-8) (see Fig. 1). 
The anterior pituitary, the hypothalamus and 
other nervous structures of the rat (9-12) are 
able to convert progesterone into Sa-preg- 
nane-3,20-dione (Sa-DHP) and into Sa-preg- 
nane-3a-ol-20-one (3a-OL) (see Fig. I) .  More 
recently, it has been demonstrated that the 
neuroendocrine tissues are also able to con- 
vert progesterone into 20a-P, and subse- 
quently into Sa-pregnan-2Oalpha-ol-3-one 
(20a-DHP), and Sa-diol (13-15). 2Oa-P has 
been shown to be an even better substrate for 
the Sa-reductase of the rat anterior pituitary 
(16). 

Progesterone is known to induce ovulation 
and to facilitate LH release in the female rat 
(17), and is believed to play a physiological 
role in the neuroendocrine processes leading 
to the preovulatory gonadotropic surge in this 
species ( 18-22). The participation of 20alpha- 
P in these processess is suggested by the fact 
that the secretion of this steroid from the 
ovary increases at proestrus, before the initi- 
ation of the LH preovulatory surge (1-5, 23). 
Moreover, it has been shown that 20alpha-P 
is able to release LH and FSH in ovariecto- 
mized estrogen-primed rats ( 1  8, 19). Finally, 
Hilliard and coworkers (24) have suggested 
that 20a-P may amplify the amounts of LH 
released after mating in rabbits. However, 
divergent data have also appeared. For in- 
stance, Fink and Henderson (20) were unable 
to obtain gonadotropin release in estrogen- 
primed female rats after administering 20a-P, 
and Goodman and Neil1 (25) could not du- 
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plicate the results of Hilliard et al. (24) in 
does. 

In recent studies, it has been shown that 
the physiological Sa-reduced metabolites of 
progesterone Sa-DHP and 3a-OL, are able to 
provoke a large release of LH and FSH when 
given to castrated-estrogen-primed female 
rats (19-2 1,26). The present investigation has 
been performed: (a) to gain additional infor- 
mation on the effects of 2Oa-P on the control 
of gonadotropin release; and (b) to determine 
whether the Sa-reduced metabolite of 20a-P, 
Salpha-DIOL might exert any effect on go- 
nadotropin secretion. To the authors’ knowl- 
edge, the activity of this steroid on gonado- 
tropin release has never been investigated. 

Materials and methods. Animals. All exper- 
iments have been performed in adult female 
rats of the Sprague-Dawley strain. Animals 
were caged in rooms with controlled temper- 
ature and humidity (lights on from 6.30 to 
20.30); they were fed with a standard pellet 
diet and water was allowed ad libitum. 

In order to analyse whether the two ste- 
roids might exert a stimulatory effect on go- 
nadotropin release, an approach similar to 
that of Swerdloff et al. (18) was adopted. 
These authors have shown that a gonadotro- 
pin surge is induced, in ovariectomized rats, 
by the daily administration of small doses of 
ethinyl estradiol (EE) (0.4 pg/day) followed 
by the administration of progesterone or of 
some progesterone derivatives. Animals were 
ovariectomized 15 days before initiating the 
experiment, when weighing 150 f 10 g. Sub- 
sequently they were subdivided into five 
groups of four to five animals each. The first 
group (controls) was injected daily with soya 
oil; the remaining four groups received daily 
subcutaneous treatments with 0.4 pg/rat of 
EE. All injections were performed at 8.30. On 
the fifth day, the five groups of rats received 
at 8.30 the following subcutaneous treat- 
ments: Group 1: soya oil; Group 2: 0.4 pg EE; 
Group 3: 0.4 pg EE + 100 p g  progesterone; 
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FIG. 1. Pathways involved in progesterone and 20a-hydroxyprogesterone metabolism. 

Group 4: 0.4 pg EE + 100 pg 2Oa-P; Group 
5:  0.4 pg EE + 100 pg 5alpha-DIOL. All 
steroids were dissolved in soya oil. The ani- 
mals were sacrificed by decapitation the same 
day at 17.30 and blood was collected for the 
evaluation of serum levels of LH and FSH. 

In order to study the possible inhibitory 
effect of the various progesterone derivatives 
on gonadotropin release, adult female rats 
(initial weight 150 f 10 g) were ovariecto- 
mized 21 days prior to the beginning of the 
study and divided into four groups of four to 
five animals each. On day 21 after castration, 
the animals were injected subcutaneously at 
8.30 in the following fashion: Group 1: soya 
oil; Group 2: 2 mg Progesterone; Group 3: 2 
mg 20a-P; Group 4: 2 mg 5a-DIOL. The 
animals were killed 24 hr later by decapita- 
tion and blood was collected for the evalua- 
tion of serum levels of LH and FSH. 

Serum LH was determined by the proce- 
dure described by Niswender et al. (27) and 
values have been expressed in terms of NIH- 
LH-S17. FSH was measured using the 
NIAMDD-rat-FSH-radioimmunoassay kit, 
according to the method of Daane and Par- 
low (28). Values have been expressed in terms 
of NIAMDD-rat-FSH-RP 1. Statistical anal- 
ysis of the data has been performed using the 
"t" test after one way analysis of variance 

Results. It is clear from Table I that long- 
term ovariectomized rats have elevated serum 
levels of both LH and FSH and that these 
can be significantly decreased by the 5-day 
administration of small doses of estrogen. In 
line with previous observations, progesterone 

(29)- 

TABLE I. EFFECT OF S.C. INJECTION OF 100 pg/RAT OF 
PROGESTERONE ( P ) ,  20a-hydroxy-pregn-4-en-3one 
(20alpha-P) AND 5a-pregnane-3a,20a-DIOL (5a- 
DIOL) ON SERUM LEVELS OF LH AND FSH OF CAS- 
TRATED FEMALE RATS PRETREATED FOR 5 DAYS WITH 

RIFICED 8 hr AFTER PROGESTAGEN ADMINISTRATION. 
ETHINYL ESTRADIOL (EE, 0.4 pg/RAT/DAY) AND SAC- 

ng FSH/ 
ml 

(NIAMD 
ng LH/ml D-rat 

Group Treatment" S17)b RPl)b 
(NIH-LH- FSH- 

1 .  Oil + oil (4) 21.61 
0.57 

2. E E + E E  (4) 0.325 
k0.09' 

3 .  E E + P  ( 5 )  12.042 

4. EE + 20a-P ( 5 )  11.872 
k0.3 1" 

5. EE + 5alpha-DIOL ( 5 )  10.712 

k0.62" 

&0.24d 

2620 
k273 
1455 
f 124' 
I882 
k1 15d 
1648 
k77 
922 

&5 1" 

a Numbers of animals in parentheses. 
Values are means f SE. 
2 vs 1:  P < 0.005. 

vs 2: P < 0.005. " 

(18-21, 26) and 20a-P (18, 19) are able to 
exert a strong stimulatory effect on the release 
of LH in ovariectomized estrogen-primed an- 
imals. A stimulatory effect of comparable 
magnitude is also observed following the ad- 
ministration of 5a-DIOL. Progesterone, when 
given to estrogen-primed animals, signifi- 
cantly increased serum levels of FSH, even if 
its potency was not as great as that observed 
in the case of LH. This is similar to a previous 
report of this and other laboratories (19, 26) 
but conflicts with data of Swerdloff et al. (1 8). 
In the present experiment 20a-P slightly and 
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not significantly increased serum levels of 
FSH, while Sa-DIOL brought about a signif- 
icant reduction of FSH release. 

Progesterone, when given to castrated ani- 
mals, in the absence of estrogen priming, 
exerted a slight inhibitory effect on the release 
of both LH and FSH (Table 11). Sa-DIOL 
did not exert any effect on LH and FSH 
secretion in the absence of estrogen priming. 
Some inhibition of LH secretion was ob- 
served following the administration of 20a-P, 
but this steroid did not modify FSH secretion. 

Discussion. The present data confirm that, 
in ovariectomized estrogen-primed rats 20- 
a-P may exert a strong activatory effect on 
LH secretion ( 1  8, 19), which is quantitatively 
similar to that of progesterone. Unlike pro- 
gesterone? 2Oa-P stimulated FSH release only 
slightly under the experimental conditions 
adopted. The Salpha-reduced derivative of 
20a-P, Sa-DIOL exerted a strong stimulatory 
action on LH release, but inhibited FSH se- 
cretion. This last result suggests that also this 
Sa-reduced steroid might participate in the 
physiological control of gonadotropin secre- 
tion? either by reaching the CNS-pituitary 
complex via the systemic circulation (since it 
is a major component of the progestin quota 
secreted by the ovary) (649, or by being 
formed directly in the brain and in the ante- 
rior pituitary from 20a-P or from progester- 
one (see introduction) ( 13- 16). However, this 
hypothesis needs to be confirmed by addi- 
tional studies, since only one dose has been 
tested in the present experiments. 

The progesteronelike effects of Sa-DIOL 

TABLE 11. EFFECT OF S.C. INJECTION OF 2 mg/RAT OF 
PROGESTERONE (P), 20a-hydroxy-pregn-4-en-3one 
(20a-P) and 5a-pregnane-3alpha, 20a-DIOL (5a- 
DIOL) ON SERUM LEVELS OF LH AND FSH OF CAS- 
TRATED FEMALE RATS SACRIFICED 24 HR AFTER PRO- 
GESTAGEN ADMINISTRATION. 

ngFSH/ml 
(NIAMDD- 

Treat- ngLH/ml (NIH- rat-FSH- 
Group mentn LH-S 17)h RPIIh 

1 .  Oil (4) 21.99 f 0.49 2759 k 22 
2. P ( 5 )  19.244 f 0.01‘ 2135 k 138“ 
3. 20a-P ( 5 )  19.058 k 0.81‘‘ 2458 f 178 
4. 5a-DIOL ( 5 )  20.952 f 0.51 2453 f 187 

Number of animals in parentheses. 
Values are means f SE. 
2 vs 1: P < 0.005. 

” 2  vs 1 :  P < 0.05. 

cannot be attributed to the back conversion 
of this metabolite to 20a-P or to progesterone 
because the reduction of the double bond in 
progesterone is irreversible (12, 30), and be- 
cause Sa-DIOL exerts effects on LH and 
FSH, which are different from those of 20- 
a-P and of progesterone. The differential re- 
sponse of the two gonadotropins to the ad- 
ministration of Sa-DIOL (stimulation of LH, 
inhibition of FSH) supports the concept that 
LH and FSH secretion may be regulated in 
an independent fashion (31, 32). 

The present data indicate that progesterone 
and 20a-P may inhibit LH release in the 
absence of exogenous estrogens. Moreover, 
progesterone may also affect FSH secretion. 
On the contrary, the %reduced derivative 
studied does not exert any suppressive effect 
on either gonadotropins in animals without 
estrogen pretreatment. These data may sug- 
gest that the process of Sa-reduction plays a 
role in the induction of the “positive” but not 
of the “negative” feedback activity of proges- 
togens. A similar conclusion has been reached 
by Nuti and Karavolas (21). 

Summary. 5a-pregnane-3a,20a-DIOL (Sa- 
DIOL), a steroid which is secreted by the rat 
ovary and which may be formed from pro- 
gesterone and 20a-hydroxyprogesterone in 
the brain and in the anterior pituitary, stim- 
ulates LH release while inhibiting FSH secre- 
tion in ovariectomized estrogen-primed rats. 
The steroid does not influence gonadotropin 
secretion when given to castrated female rats 
in the absence of exogenous estrogens. These 
data suggest that the process of Sa-reduction 
plays a role in the induction of the “positive” 
but not of the “negative’? feedback activity of 
progestogens. 
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