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SUMMARY 

Gonadotropin secretion is controlled mainly by feedback effects of gonadal steroids at hypothalamic 
sites. The existence of a regulatory role of gonadal steroids at the pituitary has also been suggested. 
Results obtained with exogenous steroids as reflected by pituitary responsiveness to GnRH are, however, 
contradictory. Discrepancies can be attributed to types of steroids administered, doses used and the 
impossibility to distinguish between the effect on the pituitary from that on the hypothalamus. To 
overcome the above limitations, the effect of endogenous steroids on pitui~ry response to a standard 
dose of GnRH (Ayerst) was investigated in primary amenorrheic patients with isolated hypothalamic 
failure. The etl’ect of GnRH was investigated under various steroidal environments obtained during 
cycles induced by exogenous gonadotropins. In the first phase (in the absence of ovarian steroids) 
GnRH evoked an increase in both LH and FSH. In the second phase, when the endogenous level 
of estradiol was high. GnRH did not induce an FSH release. Elevation of LH secretion began at 
the same time as in the first phase but was prolonged and reached higher values--coinciding with 
the first observed increase in plasma progesterone. In the third phase, the luteal phase (high estrogen 
and progesterone levels), GnRH failed to elicit either LH or FSH release. It seems therefore that 
estrogens sensitize the pituitary to respond to GnRH with a selective augmented LH secretion. Steroidal 
environment of the luteal phase diminishes the pituitary responsiveness to GnRH with respect to 
both FSH and LH release. It can thus be postulated that steroids can modulate pituitary responsiveness 
to hypothalamic stimuli. 

INTRODUCTION 

In the last decade great advances have been made 

towards the elucidation of regulatory mechanisms in 
reproduction and particularly in hormonal secretion. 

As a result of the development of specific and sensi- 
tive radioligand assays simul~neous accurate 
measurements of pituitary hormones and gonadal 
steroids in plasma have been made. These could thus 
be performed at frequent intervals in normal physio- 
logical conditions as well as in various exogenously 
manipulated environments. A further major step to- 
ward the unders~ndillg of the dynamic relationships 
between the various components of the hypothalamic- 
pituitary-gonadal axis has been provided by the eluci- 
dation of the structure of hypothalamic gonadotropin 
releasing hormone (GnRH) and its subsequent syn- 
thesis. Nevertheless. the complex dynamic hormonal 
interplay in the human has not yet been frilly eluci- 
dated. Studies aiming towards the understanding of 
feedback control mechanisms in the human are pro- 
gressing at a slow pace mainly due to the inherent 
limitations in human experimentation and the almost 
impossible task to obtain glands from normal human 
subjects. isolated in a viable form, for studies under 
controlled conditions. Thus. any discussion on causal 
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linkages has to rely partly on information obtained 
in various animal species, bearing in mind the danger 
of extrapolation of animal data to findings in the 
human. One could, however, choose patients with 
errors of nature who might serve as suitable models 
to study the pituitary response under controlled hor- 
monal environments. 

Both approaches were utilized in the present study. 
The direct effect of steroids on rat pituitaries as ref- 
lected by their response to GnRH was investigated 
il2 vitro. 

Furthermore, the moduIating effect of steroids was 
studied in women with primary amenorrhea due to 
hypothalamic failure. In these cases the pituitary was 
considered as not being regulated by endogenous 
gonadotropin releasing hormone(s) and any steroidal 
effects could be ascribed as being exerted directly on 
the pitui~ry gland and not mediated via the hypotha- 
lamus. 

The ovaries of these patients were however capable 
of steroid secretion when stimulated with exogenous 
gonadotropins and the response to GnRH was eva- 
luated prior to and during different phases of ovarian 
stimulation. 

Experimental design and results 

(1) Effect of steroids in uitro on rat pituitaries. 
Hemipituitaries of adult male rats were incubated 

in KrebsRinger bicarbonate-glucose medium under 
a 95% O,-5% CO2 atmosphere. In the initial stages 
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Table 1. Effect of steroids on LH and FSH release in vitro 
(per mg pituitary tissue) 

LHw/mg FSHng/mg 

Control 
E 5 x IO-“M 
E; 5 x lo-sM 

P3.3 x 10m9M 
P3-3 x lO_sM 

P*3.3 E 5 x x lO_“‘M lO_‘M 

1018 755 
1021 668 
1070 674 
1018 73x 
1241 824 

1121 821 

of the incubation high amounts of LH* and FSH* 
leaked into the medium, declining later. Therefore, 
a preincubation of 90 min with an intermediate 
change of the medium at 45 min was performed. Then 
the medium was exchanged again and the various 
steroids were added (except to the controls) and incu- 
bation proceeded for 90 min (second preincubation). 
During this period similar amounts of LH and FSH 
accumulated in the control flasks and in those con- 
taining the various steroids (Table 1). 

At the end of the “second preincubation” the 
medium was exchanged and contained in addition to 
the various steroids 1 ng synthetic GnRH (Ayerst) per 
ml medium. The GnRH caused a two-fold increase 
in both LH’and FSH into the medium within 4 h 
(Figs. 1 and 2, column 2). The effect of estradiol 
depended on the dose added. In the presence of 5 x 
10e8M estradiol there was practically no response 
to the GnRH stimulation (Figs. 1 and 2, column 3) 
whereas a concentration of 5 x lo- “M of estradiol 
significantly augmented the response of both the LH 
and FSH release (P < 0.05 for both hormones) (Figs. 
1 and 2, column 4). 
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Fig. 2. The FSH response of rat pituitaries in uitro to 
GnRH alone and in the presence of 17j-estradiol (E,) 

and progesterone (P). 
Legend: As in Fig. I. 

In the presence of 3.3 x lo- 9M progesterone the 
response to GnRH was unaffected i.e. a two-fold in- 
crease in FSH and LH was observed (Figs. 1 and 
2, column 6). However, in the presence of progester- 
one together with a low concentration of estradiol 
the augmentory effect of estradiol alone was abolished 
(Figs. 1 and 2, column 5). A ten-fold concentration 
of progesterone (3.3 x lO_sM) did also not affect the 
LH and FSH secreted as a response to GnRH. 

(2) Effect of various phases of induced ovarian func- 
tion in amenorrheic patients on the response to 
GnRH. 

All the patients who participated in this study had 
primary amenorrhea. They were of normal female 
phenotype and karyotype. Their basal levels of 
estrogens, LH and FSH are listed in Table 2. 
Methods employed for hormone assays were de- 
scribed previously [ 11. The lack of estrogenic activity 
in all patients was further evident from the lack of 
occurrence of withdrawal bleeding following 
administration of medroxy-progesterone-acetate 
(MAP). 

Dynamic stimulatory tests were performed in order 
to localize the origin of the hormonal insufficiency 
and to exclude pituitary and ovarian unresponsive- 
ness to the appropriate stimuli. The approach to this 
is illustrated schematically in Fig. 3. None of the 

* Determined by the double antibody radioimmunoassay 
using reagents supplied kindly by Dr. A. Parlow (Rat Pitui- 
tary Hormone Distribution Program, NIH). 

Table 2. Age, karyotype and baseline levels of hormones 

Patient A.V. G.S. Z.A. B.E. 

Fig. 1. The LH response of rat pituitaries in uitro to GnRH 
alone and in the presence of 17p-estradiol (E2) and proges- 

terone (P). 
Legend: I. Control without GnRH; 2. 1 ng GnRH/ml 
medium; 3. to 6. I ng GnRH/ml medium in the presence 
of: 3. E,5 x IO-‘M; 4. E,5 x lo-‘“M; 5. E,5 x 

lo-‘OM + P 3.3 x lO_“M; 6. P 3.3 x IO-‘M. 

Age 
Karyotype 
Baseline levels 

total urinary estrogens 
fig/24 hours 

Plasma LH mIU/ml 
Plasma FSH mIU/ml 

30 27 29 22 
46Xx 46XX 46XX 46X.X 

110 <lO <10 <IO 
2.5 2.9 1.1 1.8 
4.2 3.9 <0.5 0.7 
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GnRH HMG 

I 
Fig. 3. Schematic illustration of stimulation tests used in 
amenorrheic patients to establish the functional capacities 
of the hypothalamus (H), the pituitary (P) and the ovary 

(G). 

patients responded to stimulation with clomiphene 
citrate but all had a pituitary response to GnRH and 
an ovarian response to stimulation with human 
menopausal gonadotropins (HMG) (Iable 3). The re- 
sponse to GnRH was not uniform in the 4 patients 
(Table 4). 

Patient Z. A. whose initial LH response to GnRH 
was only marginal with no measurable increase in 
FSH, was capable of secreting significantly higher 
amounts of both hormones after 1 daily injection of 
GnRH for several days (Table 5). 

All four patients received GnRH prior to ovarian 
stimulation i.e. in the absence of measurable amounts 
of estrogens and progesterone (Phase I) and after 
ovarian stimulation with HMG (Phase II), except for 
patient A.V. who received pregnant mare serum gona- 
dotrophin (PMSG) which does not cross react in the 
radioimmunoassay with LH and FSH. GnRH was 
given when estrogen levels were elevated to “preovu- 
latory” levels whereas progesterone was undetectable. 

GnRH was given in all instances in a single dose 
of 100,~g i.m. except for A.V. who received in all 
phases an infusion of 500 pg over a period of 20 min. 

Table 3. Response to various dynamic stimulation tests 

A.V. G.S. Z.A. B.E. 

Response to 
Clomiphene 
GnRH FSH + + +* + 

LH + + + + 
HMG + + + + 

* only after repeated GnRH stimulation. 

Table 4. Maximal rise of LH and FSH after single GnRH 
stimulation (mIU/ml) 

LH 

FSH 

A.V. 

Control 2.5 
GnRH 12.2 
Control 4.2 
GnRH 9.0 

G.S. Z.A. B.E. 

2.9 1.1 1.8 
15.7 1.8 2.1 
3.9 <0.5 0.7 

13.0 <0.5 I.8 

Table 5. FSH and LH secretion in response to GnRH on 
the first day of administration and on the 13th day follow- 

ing one daily injection of GnRH (patient Z.A.) 

Time 
(min.) 

FSH LH 
Day 1 Day 13 Day 1 Day 13 

0 <1,5 < 1.5 < 1.2 < 1-2 
15 <1.5 2.0 1.6 4.9 
30 <1.5 2.0 
60 3.6 9.6 
90 <1,5 2.9 2.0 9.4 

120 < 1.5 2.9 1.5 5.8 
180 < 1.5 3.1 <1,2 4.4 
24 hr. <1.5 < 1.5 <I.2 <I.2 

A v I --- NO war,on stmulotvan c 20 < I.2 

II -_- Stimulation wth PMSG 114 <I2 - IBat 

III- Luteal phase after HMGIHCG 115 

22r I,. 25 

II lllll 1 
0 IV3 I/* I.0 b5 2 3 5 24h 

Fig. 4. The LH response of patient A.V. to GnRH infusion 
prior to ovarian stimulation (Phase I), after ovarian stimu- 
lation with PMSG (Phase II) and in the luteal phase (III) 

after induction of ovulation with HMG/HCG. 

1”. patients A.V. and G.S. the LH response in Phase 
II was significantly higher and of longer duration 
than in Phase I (Figs. 4 and 5). In the presence of 
the elevated endogenous estrogen levels there was no 
FSH response to GnRH in patient A.V. (Fig. 6) and 
a diminished response in patient G.S. (Fig. 7). The 
elevated control level of FSH in this patient in phase 
II was due to residual FSH from the treatment with 
HMG. 

Patients A.V. and G.S. received an additional treat- 
ment course with HMG and when follicular matu- 
ration was presumed to be adequate, ovulation was 
induced with HCG. When plasma progesterone 

“Or: L= G.S. 

25 =- 

t 

/ ‘1. 

_ 20 T i % 

0-l II , , , A-l 
I 

C 2030 60 90 120 180 24h 

Fig. 5. The LH response of patient G.S. to 1OOpg GnRH 
i.m. given in Phase I, Phase II (after HMG stimulation) 
and Phase III @teal-after induction of ovulation with 

HMG/I-ICG). 
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4.v E2 pg/ml Progesterone “g/ml 

I ---No ovorion stimulotlon < 20 < lb2 
I[----- Stimulation with PMSG 114 c1.2-0 1.8at 90’ 

III---- Luteal phase ofer HMG/HCG I I5 25 

‘Ol- T I 

3- 
2- 
- _(.-.-.~.-_._.-.-.-.-.~.~~~.~.~.~._.~ 

/ / 
0 l/s I/* IO 3 5 24h 

Fig. 6. The FSH response in patient A.V. to GnRH infu- 
sion in 3 phases as described for Fig. 4. 

2011 I ---- G.S. 

Fig. 7. The FSH response of patient G.S. to 100 fig GnRH 
i.m. in 3 phases as described for Fig. 5. 

reached the level of 25 ng/ml and 20 ng/ml respect- 
ively, an additional GnRH stimulation was performed 
(Phase III). 

During this phase (high estrogens and progesterone 
levels) no significant elevations of neither LH nor FSH 
were induced (Figs. 47). 

In patients Z.A. and B.E. who had low base levels 
of LH and FSH, the response to GnRH prior to ovar- 
ian stimulation (Phase I) was only marginal. In 
patient Z.A. the response increased upon repeated 
administrations of GnRH (Table 5). There was no 
increase in estrogen secretion during the period of 
daily .GnRH administration. Following ovarian 
stimulation with HMG (Phase II), when urinary 
estrogen levels were 211 pg/24 h (Z.A.) and 125 pg/ 
24 h, no significant change of the LH response to 

GnRH was observed (Fig. 8). However, the FSH re- 
sponse was sign~~ntly augmented as compared to 

Estrogens Progesterone 
pg/24h ng/ml 

o I Z.A. < IO < I,0 
= I B.E. < IO < I.0 
o II Z.A. 21 I Cl.0 
. II B.E. 125 <I,0 

J 
I I I I I 1 
C 30 60 90 120 !80 

min 

Fig. 8. The LH responses of patients Z.A. and B.E. to 
1OOpg GnRH i.m. prior to (Phase I) and after ovarian 

stimulation (Phase II). 

Estrogens Progesterone 

t p-w”_r 
/ 

-~__-.qJ._-_o__c___~ 

c 30 60 90 I20 180 

min 

Fig. 9. The FSH responses of patients Z.A. and B.E. to 
IoOpg GnRH i.m. in Phases I and II. 

Phase I (Fig. 9). The elevated control values of FSH 
prior to GnRH administration in Phase II are due 
to residual FSH from the HMG treatment. 

DISCUSSION 

Evidences are continually accumulating to indicate 
that feedback mechanisms controlled by steroids are 
being exerted at both the pituitary and hypothalamic 
level [2-41. 

To evaluate the direct effect of sex steroids on the 
pituitary the in oitro studies were chosen. Estradiol 
had in the study described here (static incubation) 
a dual effect. Exposure of the pituitaries to a con- 
centration of 5 x lo-” M Ez caused a two-fold 
higher increase of LH (over control levels) in response 
to the GnRH. Estradiol in a concentration of 5 x 
IO-’ M completely inhibited any LH response of the 
pituitaries to the GnRH stimulation. The latter find- 
ings are in accord with the observation that E, in 
a concentration of 1.2 x lo-‘M to 1.7 x 10-6M in- 
hibited the response to GnRH [S]. Estradiol alone 
(without stimulation with GnRH) had however no 
effect on LH or FSH release in any of the con- 
centrations. Schally et rr/.[5] found that LH secretion 
was below control levels in the presence of E,. The 
discrepancy between these findings is probably due 
to the higher doses of Ez employed in their studies 
i.e. 3.4 x IO-%-34 x 10WSM. The alIgmentory 
effect of Ez (in physiological doses-5 x IO- lo M) on 
FSH release was less pronounced but statistically sig- 
nificant. 

Progesterone in a concentration of 3.3 x 10-“M 
had no effect neither on the base level secretion of 
either LH or FSH nor on the stimulatory effect of 
GnRH. The addition of this amount of progesterone 
to estradiol however counteracted the sensitizing 
effect of estradiol. In the studies of Schally et ul.[S] 
complete inhibition of gonadotropins in citro by these 
steroids has been reported and the combined effect 
of the two steroids was more pronounced than of 
each of them separately: the doses were, however, 
higher (E2 3-3 x 10s6M and progesterone 3.3 x 
IO-‘MI. 
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It is thus clear that steroids modulate the pituitary 

sensitivity to stimulation by GnRH. The effect is how- 

ever dose dependent and estradiol, as found during 
normal physiological conditions i.e. in the range of 
lo- 9 M to lo- lo M, causes an augmented release of 

LH and FSH but only in the presence of GnRH. 
Significantly higher doses of estradiol i.e. in the range 

of lo- ’ M to lo- 5 M have an opposite effect on the 
pituitary. Progesterqne alone, at least in our studies, 

did not affect pituitary responsiveness to GnRH but 
did, however, abolish the sensitizing effect of low 
doses of estradiol. Data on the changing pattern of 
pituitary sensitivity to GnRH in relation to the cycle 
phase are somewhat conflicting. It has been shown 
by several investigators that administration of GnRH 
in midcycle in the human resulted in an augmented 

release of both FSH and LH as compared to early 
follicular and mid luteal phase. The existence of a 

causal relationship between estrogens and LH surge 

has been elegantly illustrated by Ferin et a1.[6], in 

the monkey. These authors showed that by adminis- 
tering diethylstilbesterol (DES) to monkeys im- 

munized against E, (and who became anovulatory) 
an LH surge was induced within 36 h. This effect is 
however again a combined action at both the pitui- 
tary and hypothalamic levels. The latter is indicated 
by the fact that the early effect of DES (within 2 h) 
was a lowering of plasma LH levels. Administration 

of 17gestradiol to normal women on the second 
day of the menstrual cycle diminished the response 

to GnRH 171. 
It has also been demonstrated that the effectiveness 

of estrogen administration to induce gonadotropin 
release depends on the stage of the menstrual 

cycle [8]. 
In studies conducted in normal subjects the site 

of this modulating effect of ovarian steroids could not 
be localized since the end result i.e. the elevation of 
plasma gonadotropins represents the sum total of an 
effect on the whole hypothalamic-pituitary axis. The 

experimental design in the human subjects of this 
study was chosen in order to assess the modulating 
effect of endogenous ovarian steroids at the pituitary 
level in patients with impaired hypothalamic function. 

Moreover, an attempt was made to study whether 
steroids can exert an action on pituitaries with 
diminished or impaired capacity to respond to GnRH. 

The two initially “unresponsive” patients in our 

study did not respond to GnRH stimulation with an 
elevation in LH even in the presence of high endo- 

genous estrogens. The steroids however affected in 
these patients the pituitary capacity to release FSH 
in response to GnRH (Fig. 9). Schneider et aI.[9] have 
shown that some amenorrheic patients initially unres- 
ponsive to GnRH did respond with LH release to 
the same stimulus when pretreated with estrogens. 
These results clearly indicate that in such cases of 
“hypothalamic failure” estrogens might facilitate 
GnRH action by increasing pituitary sensitivity, but 
the effect is not uniform and no generalized conclu- 
sions can be drawn. One of the two initially “unres- 

ponsive” patients started however to respond to 

GnRH by both LH and FSH release after daily 

administration of GnRH for 13 days. Several patients 

with a similar effect of repeated GnRH stimulation 

(though only LH was determined) were described by 
Schneider et aI.[9]. 

Diminished responsiveness to GnRH in several 

physiological conditions has also been observed. In 

the ewe during pregnancy the FSH response to 
GnRH decreased gradually. At 18 weeks of gestation, 
around parturition and 3 weeks post partum there 
was no response to GnRH. Signs of a recovery of 
response were observed at 6 weeks [lo]. There was 

also no LH or FSH response to GnRH in women 
7-10 days and even 3 weeks post partum but by 6 
weeks the response of both hormones to GnRH was 
restored [l l-121. Jacobs and Jequier[13] reported 
that women taking combined ethynyl estradiol plus 

progestogen had impaired LH and FSH responses 

to GnRH. These observations can be interpreted as 

being a result of a relative insensitivity of the pituitary 

as a result of prolonged deprivation of GnRH due 

to steroid suppression of the hypothalamus or pitui- 
tary desensitization by prolonged exposure to high 
doses of estrogens and progesterone, or due to both 
mechanisms. 

To evaluate the selective effect of steroids on the 

pituitary, patients (A.V. & G.S.) exhibiting a normal 
pituitary responsiveness to a single administration of 

GnRH were chosen. In these patients GnRH induced 
an augmented release of LH in the presence of ele- 
vated endogenous estrogens (Figs. 4, 5). Since the 
hypogonadotropic state of these patients originated 
from a hypothalamic insufficiency, the augmented LH 
response can be attributed to an effect of the 

estrogens on the hypophysis resulting in an increased 
sensitivity to the administered GnRH. 

The lack of LH release in response to GnRH when 

both estrogens and progesterone were elevated (Phase 
III) is in contradiction to findings in normal women 

during the luteal phase [14-151. It might be argued 
that in normal women in whom the pituitary is cycli- 
cally stimulated by the hypothalamus, the pituitary 

is less sensitive to the inhibitory effects of steroids. 
Furthermore, it is also possible that the administered 

GnRH acts in concert with endogenous hypothalamic 
hormone and that under such an increased stimu- 
lation the inhibitory effect of both estrogens and pro- 
gesterone are partially overcome. In the two patients 
with adequate FSH and LH responses to GnRH 
stimulation, an elevated estrogen level (after gonado- 
tropin stimulation-Phase II) diminished the FSH re- 
sponse to GnRH. In normal subjects GnRH in the 
late follicular phase, is, however, effective in stimulat- 
ing FSH release [14-151. Also in the normal men- 
strual cycle, midcycle elevations of FSH have been 
repeatedly reported (Cargille rt al.[ 1 f% 171. Vande 
Wiele et a!.[ 181 postulated that the midcycle elevation 
of FSH is brought about by a negative feedback of 
estradiol which declines before or during the LH mid- 
cycle peak. 
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Leyendecker et ~I.[203 observed that the midcycle 
LH peak is actually composed of two peaks and only 
the first of them is accompanied by an FSH elevation. 
Moreover, these authors showed that the second LH 
peak appears after a decline in estradiol levels. If these 
observations will be recurrently found in more sub- 
jects it could be postulated that the first LH peak 
is induced by the action of the elevated estrogens on 
the pituitary which becomes more sensitive and thus 
releases more LH without necessitating an elevation 
in GnRH. This increased plasma LH influences the 
steroid biosynthetic pathways of the preovulatory fol- 
licle resulting in an increase of C,,/C,s steroid ratio 
and a temporary decrease in estradiol. This estrogen 
decline might then trigger an increase of secretion of 
releasing hormone which induces an elevation of both 
FSH and LH. 

Alternatively, a positive feedback mechanism 
mediated by the initial increase of progesterone might 
be operative [P&20]. This hypothesis is supported by 
the observation that progesterone administration in 
estrogen pretreated women induced a significant ele- 
vation of LH and FSH. This effect was demonstrated 
to be dose dependent and upon increase of plasma 
progesterone levels a negative feedback mechanism 
became operative. The midcycle rise of LH and FSH 
and their subsequent decline are thus a result of a 
delicate balance between: the modulating effect of 
estrogens in increasing pituitary response to GnRH; 
the positive effect of the changing ratio of progester- 
one/estrogens at the hypothalamic level; the negative 
effects of estrogens at the h~othalamic level; the 
synergistic suppressive effect of progesterone and 
estrogens at the hypoth~amic level and the negative 
action of progesterone on the pituitary by counteract- 
ing the estrogen sensitizing effect. 
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