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C. Influence on Gonadotropins by Progestational Agents

Abteilung fiir Klinische und experimentelle Endokrinologie
Universitatsfranenklinik Hamburg-Eppendorf

Influence on Gonadotropins by Progestational Agents
(7. BETTENDORF

Although the corpus luteum was already described by pE Graar in 1672,
its endocrine function was observed for the first time 200 vears later. This
endocrine effect was the characteristic influence on the estrogen-primed endo-
metrium. Several groups solated in 1934 the biologically active pure crys-
talline compound for which the name progesterone was adopted. The num-
ber of progestins increased between 1945 and 1966 from 2 to 20. Ixperiments
with the ditferent compounds showed that the biological effect differs more
or less extensively either in quality or intensity, One must keep in mind
that the term progestin means that the substance is responsible for the
secretory response of the estrogen-primed endometrium. Therefore, one
cannot expect that compounds having this biological effect in one target
organ, have the same effect in other organs or on other hiological systems,
Today it is, therefore, not possible to give a definite summary of the effect
of progestins on gonadotropins, neither the release, the production nor the
action. The best known effect 1n this respect is the negative feedback
mechanism of ovarian steroids on gonadotropin secretion rates. But what
I would like to discuss are the positive or regulating effects of progestins on
gonadotropin function.

In clinical observations it was noted that the use of progesterone or other
luteoid substances in the control of bleeding in patients with anovulation
ig followed oceasionally by ovulation and the formation of a corpus luteum.
On the other hand, it 18 well known that in the normal menstrual eycle
progesterone excretion begins to increase at or after the mideycle LH peak.
Recently it was shown that |Te-hydroxyprogesterone levels rise 2 3 days
hefore the progesterone,

Therefore, there are two reasons to study the influence of progestins on
gonadotropins. First, the not completely understood relationship between
progesterone- or I«mnl:u steroids and FSH and LI effects. Secondly, clinical
observations on results of progestin treatment in anovulatory patients.

Investigations of the influence of progestational agents on ovulation in-
dicate a specification of response to ovarian reaction of the animal under
observation. Basic laboratory research intended to clarify the ovulatory
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mechanism showed wide differences in the several species of animals studied
in neural, humoral and physical respects. Progesterone may play an im-
portant role in the induction of ovulation in several groups of experiments
involving a variety of laboratory animals, There ave experiments which
give evidence for the induction of ovulation through the administration of
progesterone in the domestic hen, turkey, monkey, mouse, rat and rabbit.
It appears from these studies that the effectiveness of progesterone is
mediated through the hvpothalamus with subsequent release of pituitary
LH. But current evidence seems to indicate that receptors for progesterone
and estrogen with respect to their actions on pituitary function are located
in both the anterior pituitary and the hyvpothalamus,

In numerous experiments with several species of animals an effect on
gonadotropin function could be demonstrated, The effects of steroid hor-
mones on gonadotropin secretion rates have been assessed by measuring
gonadotropin levels in the pituitary, the blood and the urime. Everwit
(1943) found in rats that a single injection of progesterone at certain times
may ecause a release of pituitary luteinizing hormone. In the estrous or
estrogen treated rabbit, progesterone exerts a biphasic effect on the threshold
of pituitary activation (Sawver, 1961). The injection of 2 mg of progeste-
rone was followed by a lowering of the threshold. However, 24 h after pro-
gesterone treatinent the pitnitary activation was highly elevated. In respect
to pituitary activation there appears to be a biphasic effect of progesterone.
Rornscurnn (1962) assayed the gonadotropin potency in pituitaries of rats
and found that pituitaries of rats treated with | mg of progesterone were
shghtly more potent than those of untreated rats. These results were inter-
preted as evidence that progesterone does not inhibit gonadotropin forma-
tion but only the release. Similar results were found with the synthetic com-
pound norethinodrel (Browx et al., 1965). In the latter only minor effects
were seen on the FSH content i rat pitwitaries. But when LH was tested,
the pituitary tissue from rats treated with norethinodrel was more potent
than the tissue from control rats. These results suggest a change in the
FSH/LH ratio. In castrated rats bearing ovarian autotransplants, pro-
gesterone treatment was associated with a significant elevation of pitwtary
gonadotropin potency (Kavrmaxy and Roroscuinn, 1966). It seems that
specifically the acute release of an ovulation mducing hormone, ie. LH,
was inhibited by progesterone. In progesterone-treated intact rats the hypo-
physeal LH potency was maintained during progesterone treatment at a
level equivalent to that of cyelie rats (Rorusceninp and Scawarz, 1965).
In the absence of peripheral measurements of gonadotropins in the animal
receiving the steroid being tested. whether changes of pituitary hormone
content are due to changes in the rate of synthesis and the rate of release,
cannot be distinguished (ScHwartz, 1968).

This 18 why the amounts of gonadotroping in plasma were determined,
since they represent an ideal approximation of gonadotropin secretion rates,
Narrar et al. (1966) found 6 h after the injection of progesterone an eleva-
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tion of plasma LE when the injections were given in late di-estrous or in pro-
estrous during the normal eyele. This effect was not seen in estrous and in
early di-estrous, and progesterone was without effect on plasma LH in
ovariectomized rats, That means that progesterone stimulates LH release
when administered during the preovulatory phase of the rat’s estrous cycle.
In ovariectomized, estrogen-treated rats progesterone injection on the 3rd
day after estrogen also induced an merease in plasma LH a few hours later
(Cavtcanrts, 1968). These experiments further showed that following a
period of stimulation of LH release an inhibitory status is established. As
ovariectomized rats failed to respond to progesterone by a rise in plasma
LH, previous treatment with estrogen seems to be necessary to make
sensitive the animals to the stimulation of progesterone.

Several authors studied the influence of progestational agents on exo-
genous gonadotropins. In inmature rats progesterone had no effect on the
sensitivity of the ovary to PMS (Wyss and Pixcus, 1964). Syrrs and Brap-
BURY (1966) found that progestin influenced ovarian function by modifying
the elaboration of endogenous pituitary gonadotropin. In this paper it was
stated that progestin probably modifies the release of pituitary LH. The
effect of HOG on uterine weight was enhanced by chlormadinone (Harreg,
1965). Progesterone, when superimposed on PMS, had no significant effect
on plasma or pituitary LH levels. However, progesterone blocked the release
of F'SH caused by PMS whether PMS was given alone or followed by HCG
treatment (Cavanring and Humergy, 1965).

Recently we have studied the 111ﬂuult,c of progesterone and 6-chloro-
O, 10-pregna-1,4,6-triene-3,20-dione {Ro 4-8347) on the effect of PMS
in the mouse uterus test and the augmentation test and also on the effect of
HCG in the ovarian ascorbie acud depletion test. First. it could be shown in
ovariectomized mice that both steroids were antiestrogenic. By the ad-
ministration of 0.1 mg Ro 4-8347 the influence of 0.09 pg estradiol on uterine
weight was inhibited more than 50 9. Progesterone in comparison with the
retroprogesterone seems to have a stronger anti-estrogenic effect (Fig. 1). In
the mouse uterus test in intact immature animals with PMS 0.1 mg. both
steroids did not influence the inerease in uterine weight. When the {Iumgu wis
imereased to 0.5 mg we found a significantly lower increase in the uterus
weight. With 0.5 mg the gonadotropin effect was almost completely sup-
pressed (IFig. 2). In the third experiment the influence of progesterone and
Ro 4-8347 was studied in the augmentation test (Fig. 3). With the lowest
dosis of PMS, 1.e. 5 IU, an mmhibition oceurred. With 10 TU PMS no significant
cffect of progesterone could be found, but different doses of the retroproges-
terone had a negative effect on the increase in ovarian weight. With higher
amounts of gonadotropin no effect was seen, At last the influence of proges-
terone and Ro 4-8347 on the ovarian ascorbic acid depletion test was studied.
The test was done with 3, 6 and 12 TU HC(:. The progestins were given 3 h
and 12 h, respectively. before the test, In the 3-h-experiments (Fig. 4) the
LH effect was lowered by both progesting and with all doses used. There
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were no marked differences between the two steroids, Only in the group with
12 TU HCG was the inhibition smaller after administration of the retro-
progesterone compared to progesterone. When the progesting were ad-
ministered 12 h before the QOAAD, test differences between progesterone and
retroprogesterone were found (Fig. 5). The LH effect was not influenced by
progesterone, but the retroprogesterone enhanced the LH effect. A quanti-
tative relationship was seen only in the group of animals which received
J3and 6 [U HCG but not after the administration of 12 TU HCG.
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From the studies in animals we have to conclude that there are positive
effects on gonadotropin action. First, the production or release of pituitary
conadotroping is influenced probably by altering the ratio of FSH to LH.
A prerequisite for this effect seems to be a final endocrine status, either
within a set time during the ovarian cycle, or due to a definite pretreatment
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with estrogens. Secondly, the effect of exogenous gonadotropin also i in-
fluenced by different progestational agents. In definite conditions progestins
can have a positive influence on LH action and probably a negative one
on FSH,

There are some studies of this problem alse in the human. On the whole,
these are nsufficient and 1t 15 not possible to make defimite statements.
Mainly, the following effects of progesting are important for the clineian:
1. secretory transformation of the endometrium, 2. elevation of the basal
body temperature, 3. inhibition of the estrogen effect on cervical mucous
and vaginal cells, 4. suppression of ovulation, Only the last effect in which
an influence on gonadotropins is involved, is related to the problem which
shall be discussed here. But, as I mentioned before, I want to report here
only on the positive influences of progestins on gonadotropin action.

The first evidence for such an effect resulted from chinical observations
that in anovulatory patients after treatment with progesting sometimes
ovulation oceurred. Rust (1956) treated 35 patients with anovulatory cyeles
with b mg progesterone for 4 days or 30 mg LTa-hydroxy-progesterone-
capronate in the beginning of the eycle and on the 8th day (Fig. 6). In 609,
of the treatments ovulation could be induced, 6 patients became pregnant.
In 1957, Swartz et al. reported on 15 cases with anovulatory bleedings.
Only 1in one of these did 1t seem at all hkely that progesterone may have
triggered the ovulatory mechanism. Hotmsrroy (1954) used a single dose
of 25-50 mg of progesterone in 30 patients with primary amenorrhoea. In
12 patients ovulation ocowrred in the first 4 months after beginning of the
treatment. RorascHine and Koun (1951) reported that the time of ovulation
in the hnman female could be advanced through the use of progesterone.
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Naer and Rorur (1958) administered small doses of methyl- or ethinyl-
nortestosterone to 12 patients with secondary amenorrhoea for 5-6 days
(Fig. 7). The authors suggest that four times ovulation was induced. Haskixs
(1966) used progesterone intravenously or 5 mg norethindrone on 5 dayvs.
On a number of occasions this treatment resulted i biphasic temperature
curves that could indicate ovulation. The effects of the retroprogesterone
will be discussed later in this meeting,

[requently used in treatment of anovulation is the rebound effect.
Ovarian steroids are given over a period of time in the hope that thewr
successive inflnence and withdrawal might result in the stimulation of the
eyelic secretion and release of gonadotropin and in this way reinduce spon-
taneous ovulation. The results of this therapy have been disappointing.
FEvaxs et al. (1967) treated 50 women for 2 months. Spontaneous ovulation
ocenrred within 6 weeks in 25 of them with 9 pregnancies. In a group of
34 patients HaaxniersTeIN observed biphasie eveles in 14 patients. It should
be mentioned that in this tvpe of treatment progesting were administered
in combination with estrogens.

There are some studies on the influence of progesting on gonadotropin
excretion in human heings, Hotmsrrom (1954) found an increase of FSH
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after the administration of progesterone. Fuens et al. (1964) could show
that neither the administration of 100 mg of progesterone per dayv nor that
of G-methyl-17-acetoxy-progesterone was able to inhibit the increase of
gonadotropin excretion after the removal of functional ovaries. BucHHOLZ
et al. (1964) studied the effect of progesterone on the endocrine activity of
the pituitary glands (Fig. 8 a and b). When on the 5th day of the cyele
200 mg of progesterone were injected the urinary exeretion of gonadotropins
was elevated within the first 24 hours following the injection, The peak was
followed by a drop 3 days later. Administration of progesterone on the
fourth day before the shift of basal body temperature was also followed by
an increase in urinary gonadotropins for 3 days, This increase was markedly
less than in the first group. However, a second peak in gonadotropins
oceurred 10 days after injection. From these experiments it was concluded
that ovulation by no means oceurred earlier, but more likely was consider-
ably retarded.

Recently SweErbpLOrr and OpeLL (1968) could demonstrate that in 4 of
8 subjects an LH peak occurred under the administration of sequential
contraceptives immediately after the addition of progesterone (Fig. 9). No
FSH peak was noted. In other experiments OpeLL has shown (1968) that
after an appropriate period of administration of estrogen to postmenopausal
women a single dose of 10 mg progesterone resulted in an elevation of plasma
LH and FSH similar to the midevele peak of an ovulatory eyvele. This peak
lasted 2:4-72 h. Compared to the control following progesterone FSH activity
was lower than LH. No such a pealk could be found in men.

Several authors have studied the influence of progesting on exogenous
gonadotropins in female patients. Sraepmyuer (1960) found that 100 mg
ethinvl-nortestosteron-enanthate did not influence ovulation induced by
PMS-HCG treatment. Administration of 200 mg ethinyl-nortestosterone-
enanthate or daily 12 mg ethinyl-nortestosterone-acetate abolished the
effect of PMS-HCG therapy. GEMzELL (1960) administered 100 mg pro-
gesterone together with HPFSH to 5 amenorrhoic women (Fig, 10). In 2
the urinary estrogen rose, but in no case was ovulation induced, We have
studied (Berrexporr, 1963) the effect of 20 mg 17a-ethinyl-nortestosterone
together with human hypophyseal gonadotropins in one hypophysectomized
patient. The patient responded with ovulation on gonadotropin treatment,
but after adding the progestin only a rise in estrogen excretion occurred. In
another patient with secondary amenorrhoea during 8 days HHG was given,
then 5 days the same dose in combination with 20 mg ethinyl-nortestosterone
(Fig. 11 and 12). No ovulation was induced. In a second course only the
estrogen levels showed an increase. The stimulation of estrogen produc-
tion by gonadotropin treatment was not influenced by the progestin, but
there was no induction of ovulation. LuxeNrerDd (1964) used HMG to-
gether with 6a-methyl-17u-acetoxy-progesterone. 5 mg of this substance
did not effect the ovarian response to exogenous gonadotropins. However,
the administration of the progestin together with ethinvlestradiol resulted

360



Blum. 25 yrs. [aYeTel oY) lendumetr. biop.
" 00060
355 ||
b - i Y
T 3 5 7 8 11 1315 17 19 2f 23 25 27 29 37 33 35 37 39 41 43
De, 23 yrs. AAAAA entdometr. biop.
375 AALAD #
37 o o
365 o p i i .L ¥ N
L] 8 & 7
1 3 5 7 3 11 1315 77 79 21 23 25 27 29 37 33 35 37 39 &1 ¢3 45
Ma.?dyrﬁ- ﬂdéﬂﬂﬁ
%5
W
37 a’ o ——
365 i
3 a® ®
e

Fig. 7. Induced ovulation with nortestosterone compounds. a

7 3 5 7 89 1 1315 17 19 21 23 25 27 29 37 33 35 37

39 41 43 43

1 mg tablets of ethinyl-

nortestosterone {Primolut N}; o = | mg tablets of iuet-hyl-nnrt.f:sal;mat.{-.rrmu {Orgasteron)
{Narr et al., 1958).

3 Remperature

l g mig Progestergne «hls

5 200 mg progesterone sils

C -
: St ¢ tempetatuie
g
|,". 2 T ".I .-':
Gonadotropias 3 e g
o HMG units24h Gonadotreping
HMG unitaidh
4o 20 4 : L
15 4 ;
144 !
¥ [
- ]
104 i P |
. . PR
.) - L :
5 - Pregnanediol
mEEh g
110 Estranens yizah 14 i
[abr ! estrone Losiradiol] 14
1004 L]
1 2.4 :
90 \ i
5 J 5l
£ H
5 .', Estrogens 33 h
] A £ o [estziol+ patrane + i
i estradinl) g Rk
50 1 e P N
i 404 l ;
A 39 4 E _-"
10 B 204 J/-
1 10 .
-12 W) 8 & 1214 16 18 1210 B &6 4 2 022 & & & My ¥2 4 6 13
day of cycls day of cycle

Fig. 8. — a) Effect of microcryatalline progesterone administered on the 5th day follow-
ing onset of menstruation on the urinary exeretion of pituitary gonadotroping, pregnane-
diol, and estraciol -+ estrone -+ estriol in group VI. - b) Effect of microcrystalline pro-
gesterone administered on the 4th day before zero on the urinary exeretion of pituitary
zonadotropins and of estradiol - estrone + estriol in group VII (Burennorz et al,

1964),

361



seguential contraceptive non-sequential contraceptive

100+
50 LH=——
FSH sreeae
P e 25 Ma
] 4 e O N e
504 TS5
E ] LH
s 04 %04
= 4 QS*M/\
i —
e O W e s . —
5 150 +
E P
JR
— 100+
= 25 4
5 i . M
= 504
E h - K
" i P s S
100 + 0 e S e 8 s e B,
2 LL
4 254
04 04 e T
Chlgrmadinone
aclelale 2.0mg e
[ Mestranc! B0ng Naorethynadral 2.5 mg -~ Mesiranal 0.1 mg
T T T T 1 T T T g, =
E! 3 10 15 20 25 30 5 10 15 20 25
days days

Fig. 9. Daily FSH and LH determinations on serum from 4 women receiving a sequen-

tial estrogen-progestogen contraceptive and from 5 women receiving a non-sequential

estrogen-progestogen contraceptive. These exanmples were selected from a total of 6

that we have studied and who received the latter and 8 who received the former type
of contraceplive (SwWERDLOFR and OninL, 1D6G8),

in inhibition of the ovarian response to the gonadotropins, even when ex-
tremely high doses were administered. When 2 patients by Tavsor (1965)
were placed on norethindroneacetate (5 myg) along the urinary gonadotropins
the evidence of ovarian activity persisted (Fig. 13). That means that a
dosage which 1 capable of inhibiting ovulation in normally ovulating
females 18 incapable of blocking the response of ovaries to administered
gonadotropins. Also Guan et al. (1968) (Iig. 14 a and b) found that in
some cases successive exogenous gonadotropin stimulation is able to induce
ovulation even when administered simultaneously with antiovulatory
sterold.

In the proceeding discussion of the effects of progestins on gonadotropin
funetion it was not possible to delineate the sites of action of these steroids.
There are three groups of effects which suggest a regulating influence on
gonadotropin action: 1. elinieal studies of progestin-induced ovulation,
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in a normal patient under sequential antiovulatory therapy (Guarn et al., 1968).
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2. experimental studies of the influence of progesting on gonadotropin ex-
cretion and 3. the influence on exogenous gonadotropins in female patients.
The clinical studies can give no answer on the site of action, although one
would like to malke an 1r1ﬂuenue on gonadotropin release responsible for these
effects, perhaps particularly on LH release. The results of the excretion
studies are not uniform. This may be partly for technical reasons, but there
15 good evidence for a positive effect of progestins on gonadotropin release.
Most interesting in this respect are the LK].‘JLIlIllL‘I‘ltb of ODELL In post-
menopausal women, in which it was possible to mimic the mideyele LH
and FSH peal of an ovulatory cyele. In the studies of the effect of pro-
gestin on exogenons g(ma.(lntmpm many sites of actions may have been
involved. Different steroids in various doses were used, and the endocrine
status of the patients was not the same,.

Conelusions

It 18 obvious that gonadotropin secretion can be enhanced or inhibit in
different species as well as in the human by progesting. From the studies
done in this field one can only suggest that there is a regulating mechanism
of progesting on gonadotropin function. Further studies must be done to
find the exact site of action of these stercids on gonadotropin production
and release as well as on gonadotropin action 1u the target organ.
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