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SEX STEROIDS AND THE CONTROL OF LHRH 
SECRETION 

MARIAROSA ZANISI* and  ELiO MESSI 

Department of Endocrinology, University of Milan, Milan, Italy 

Summary--Gonadal steroids are important hormonal signals that regulate the activity of 
LHRH synthesizing and releasing neurons. Aside from a direct effect through the feedback 
mechanisms exerted at hypothalamic and/or anterior pituitary level, gonadal steroids may 
modify the rhythmic LHRH release by modulating other systems affecting LHRH neurons. 

1. In ovariectomized E2-treated female rats, progesterone is able to evoke LHRH release 
from the perifused hypothalamus without affecting LH and FSH release. 

2. Excitatory amino acids (EAA) and their related analogs (NMDA and kainate) are known 
to stimulate LH release in young rats. When tested in a perifusion system on hypo- 
thalamic and anterior pituitary tissues, they differentially stimulate the release of LHRH 
(NMDA) and of LH (KA); their effect on both structures is markedly reduced following 
orchidectomy. 

It appears that gonadal steroids might exert a facilitatory action on the neurosecretory activity 
of LHRH neurons as well as a modulatory influence on the effect of EAA. 

INTRODUCTION 

Reproductive functions, both in females and 
males, are controlled by a rather intricated and 
refined network of  endocrine signals; the hypo- 
thalamic hormone L H R H  represents the pri- 
mary element responsible for the modulation of 
gonadotropin secretion. 

L H R H  is synthesized in a relatively low num- 
ber of  neurons distributed in a scattered fashion 
in the septal and preoptic area as well as in the 
anterior hypothalamus. In humans and rodents, 
the L H R H  gene encodes a 10 kDa prohormone 
protein which is processed to yield two biologi- 
cally active peptides respectively of  10 and 56 
amino acid residues, L H R H  and GnRH-associ- 
ated peptide (GAP)[1]. Secreted in a pulsatile 
way, L H R H  regulates the number of pituitary 
L H R H  receptors, gonadotroph responsiveness 
to L H R H  action, as well as gonadotropin gene 
expression, biosynthesis and release [2-5]. 

The activity of  L H R H  synthesizing and re- 
leasing neurons is regulated by several neural 
circuitries whose anatomical and functional in- 
tegration with L H R H  neurons is essential for 
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the acquisition of hypothalamic reproductive 
competence. Also gonadal secretion obviously 
exerts a profound impact on brain regulation of 
reproductive phenomena. Gonadal  steroids par- 
ticipate in an intricate system of feedback loops 
controlling the hypothalamo-pituitary-gonadal 
axis. Available evidence, however, suggests that 
this feedback control on L H R H  secretion is not 
simply exerted through direct effects of  the 
steroids on L H R H  secreting neurons. Both 
autoradiographic and immunocytochemical 
studies have failed to demonstrate measurable 
concentrations of [3H]estradiol in LHRH-im- 
munoreactive perikarya in the rat brain, 
suggesting that these neurons do not themselves 
contain estrogen receptors[6]. In addition, a 
variety of experimental manipulations that 
cause disruption of cyclic ovarian function do 
not significantly affect the ultrastructure or dis- 
tribution of  the LHRH-immunoreactive neur- 
ons [7]. These observations are consistent with 
the hypothesis that the effects of  gonadal ster- 
oids on L H R H  release are mainly indirect and 
primarily mediated through inputs from other 
steroid-sensitive neuronal systems. 

The present report will summarize the data 
obtained in the authors' laboratory on the role 
of  sex steroids on L H R H  and LH release, as 
well as on their modulatory influences on the 
effect of  other stimuli. In particular, the paper 
will describe: (a) the in vivo and in vitro action 
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of estrogen and progesterone on LHRH-LH 
release; and (b) the effect of gonadal steroids on 
the hypothalamic and pituitary responses to 
excitatory amino acids. 

ROLE OF PROGESTERONE ON LHRH 
AND LH RELEASE 

In the female rat, estrogen and progesterone 
may exert both a positive and a negative feed- 
back effect. Ovariectomy results in elevated 
secretion of LH and FSH, which can be sup- 
pressed by estrogen replacement. On the other 
hand, the role of estrogens in triggering the 
preovulatory surge of gonadotropins has been 
demonstrated by several lines of evidence [8, 9]. 
As far as progesterone is concerned, its biphasic 
effect on gonadotropin secretion is related to the 
time of administration during the ovulatory 
cycle. When injected late in the cycle, progester- 
one has been found to advance the ovulatory 
LH surge, while, on the contrary, adminis- 
tration of the steroid early in the estrous cycle 
leads to inhibition of the expected LH surge 
during the afternoon of proestrus [10, 11]. 

Ovarian steroids may interact with go- 
nadotropic control mechanisms at multiple 
sites. Estrogens, as well as progesterone, might 
change the responsiveness of pituitary go- 
nadotrophs to LHRH [12-14] and modify syn- 
thesis, storage and/or release of the decapeptide 
at hypothalamic level [15, 16]. 

In our in vivo studies, adult female rats have 
been ovariectomized regardless of the phase of 
the estrous cycle and subcutaneously injected 
with ethiny estradiol (0.4 F g/rat/day) for 5 days. 
On the morning of the fifth day they have been 
injected with progesterone (100/~g) and sac- 
rificed 6 h later. Figure 1 shows that, in such 
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Fig. 1. Effect of treatment with 100 #g/rat of progesterone 
(P) on serum levels of LH and FSH of ovariectomized rats 
treated for 5 days with 0.4/~g of ethinyl estradiol (EE) and 

sacrificed 6 h after progestagen administration. 
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Fig. 2. Effect of treatment with 100 #g/rat of progesterone 
(P) on hypothalamic content of LHRH of ovariectomized 
rats treated for 5 days with 0.4 #g of ethinyl estradiol (EE) 

and sacrificed 6 h after progestagen administration. 

experimental animals, LH and FSH levels are 
increased by the administration of progesterone; 
also hypothalamic LHRH content is markedly 
enhanced by the administration of progesterone 
(Fig. 2). These results may be interpreted as 
suggesting that progesterone triggers the release 
of LHRH from the hypothalamus to the portal 
vessels and thus stimulates the release of LH 
from the anterior pituitary. This hypothesis is 
supported by the demonstration of increased 
concentrations of LHRH in the portal vessels of 
proestrous[17] and ovariectomized steroid- 
treated rats [18]. These observations prompted 
us to examine the effect of progesterone on the 
release of LHRH from the mediobasal hypo- 
thalamic-preoptic area (MBH-POA) and of LH 
and FSH from the anterior pituitary using an in 
vitro perifusion technique. The tissues were ob- 
tained from ovariectomized rats implanted for 5 
days with silastic capsules containing estradiol- 
1713 (235/~g/ml). MBH-POA and anterior pitu- 
itary collected from the same animal have been 
perifused in two parallel chambers. Figure 3 
shows the effect of intermittent superfusions 
with progesterone (5 min pulses, separated by 
20 min interval) at two different doses (10 and 
25 ng/ml). On the left side of the figure the 
dynamic secretion of LHRH from the MBH- 
POA (upper left panel) and of LH and FSH 
from the anterior pituitary are represented 
(lower left panels). On the right side of the 
figure, the responses to different stimuli have 
been expressed as A in picograms of LHRH or 
in ng of LH and FSH released, with A represent- 
ing the total amount of hormones released 
during the whole secretory response to each 
stimulus minus the amount of hormone released 
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Fig. 3. Release of LHRH, LH and FSH in response to pulses of K + (56 mM) and Progesterone (P, 10 
and 25 ng/ml) from perifused hypothalamus and anterior pituitary of ovariectomized rats implanted with 

17/~-estradiol since 5 days. 

over the same period of time under basal con- 
ditions. Both pulses of progesterone induce 
L H R H  secretion, with an effect that occurs 
immediately, and does not appear to be related 
to the dose of  the steroid. At the beginning and 
at the end of  the experimental perifusion period, 
two pulses of  K ÷ (56 mM) have been applied 
which resulted in the expected release of  L H R H  
due to the depolarizing action of  K ÷. 

On the contrary, no changes in LH and FSH 
release from the anterior pituitary of the same 
rat have been observed following perifusion 
with progesterone. The pituitary tissue was, 
however, viable since it responded to the K ÷ 
stimulations with bursts of  both LH and FSH. 

The data indicate first of  all that the hypo- 
thalamus is the main site of  action for the 
positive feedback effect of progesterone on 
gonadotropin secretion. The amplitude of  the 
release of  L H R H  induced by progesterone is 
comparable to that obtained after K ÷ stimu- 
lation and, like that to K ÷, the response is 
almost immediate and transient. Contrary to 
what has been reported by other authors [19, 20] 
no latency has been observed in the response to 
progesterone. This result, together with the 
similarity with the effects of K ÷, is suggestive of  
an action of  progesterone at the level of  the cell 
membrane inducing a signal triggering intra- 

cellular mechanisms initiating the release of  the 
decapeptide [21, 22]. The mechanism of  the 
modulatory effect of progesterone on L H R H  
secretion observed in these studies is clearly not 
genomic, due to the very short time required to 
manifest. However, we cannot exclude that at 
later intervals an interaction of the steroid with 
cytosolic receptors might occur leading to a 
subsequent alteration of either gene transcrip- 
tion or biosynthetic processing of  L H R H  from 
its precursor. It must be pointed out, however, 
that recently discrepant results have been ob- 
tained by different groups on the effect of  
progesterone and other sex steroids on L H R H  
gene expression measuring L H R H  mRNA 
levels, either by Northern blotting or by in situ 
hybridization [23]. 

EFFECT OF SEX STEROIDS ON THE ACTION 
OF EXCITATORY AMINO ACIDS, ON 

LHRH AND LH RELEASE 

Excitatory amino acids (EAA) and in particu- 
lar glutamate (Glu) and aspartate (Asp) act as 
neurotransmitters in many areas of the central 
nervous system including the hypothala- 
mus [24, 25]. Present in large amounts at the 
nerve terminals they are released into the synap- 
tic cleft following appropriate stimuli and exert 
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their excitatory actions through the binding to 
specific receptors. Actually at least 3 subtypes of 
receptors have been identified on the basis of 
their binding affinities utilizing as ligands 
different analogs, namely N-methyl-D-aspartate 
(NMDA), kainate (KA) and quisqualate. The 
three subtypes of receptors have thus been 
identified as NMDA-receptors, and non- 
NMDA receptors, the latter group being further 
subdivided into KA and quisqualate receptors. 
It has been proposed that at low systemic doses 
EAA and their analogs, NMDA and KA, excite 
neurons in the arcuate nucleus of the hypothala- 
mus while at higher doses they may be neuro- 
toxic [26]. Recent evidence suggests that EAA 
and related agonists may play a role in the 
control of neuroendocrine functions. Several 
reports indicate that N M D A  and KA activate 
hypothalamic structures involved in the 
control of anterior pituitary function. In vivo 
studies have shown an increase in LH secretion 
in the rat following administration of either 
EAA or their related agonists, this effect 
being maximum between 20 and 40 days of 
age [27, 28]. On the basis of these observations, 
it has been assumed that NMDA can be a useful 
neuroendocrine probe to elucidate central 
neurotransmitter system controlling and modu- 
lating LH secretion. Since by in vitro exper- 

iments it has been shown that NMDA does 
not seem to affect the release of LH acting 
directly at the anterior pituitary level and since 
NMDA-induced gonadotropin release is abol- 
ished by prior treatment with an LHRH recep- 
tor antagonist, it has been suggested that the 
action of NMDA might be exerted at hypo- 
thalamic level, through the stimulation of 
LHRH release [29]. In order to directly clarify 
the site (hypothalamus and/or pituitary) at 
which EAA exert their effect on gonadotropin 
secretion, the following in vitro experiments 
have been performed. 

In these studies the hypothalamus and the 
anterior pituitary obtained from the same ani- 
mal (normal male, 45-55 day old rats) have been 
perifused in two separate chambers either in the 
absence or in the presence of two amino acid 
analogs (NMDA and KA). The levels of LHRH 
and LH have been measured in the effluent 
obtained from the respective chambers. To test 
the modulatory action of sex steroids on the 
sensitivity of the hypothalamus and of the an- 
terior pituitary to EAA, the same experiments 
have been performed utilizing tissues obtained 
from animals of the same age and castrated 
since one week old. In order to ascertain that the 
effect of EAA on LHRH secretion is not aspe- 
cifically due to artefacts, the response of the 
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Fig. 4. Effects of increasing concentrations of NMDA on LHRH (upper panel) and LH (lower panel) 
release from perifused hypothalamus and anterior pituitary of normal male rats. Means _+ SEM of 4 
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hypothalamus have been checked also in terms 
of  somatostatin (SRIF) release. 

The results obtained by submitting the peri- 
fused hypothalami and anterior pituitaries of  
normal young male rats to pulses of  increasing 
concentrations of  N M D A  (10-6-10 -1 M) are 
reported in Fig. 4 (dynamic release of  L H R H  
and LH) and in Fig. 5 (A in picograms of  
L H R H  and in nanograms of  LH secreted under 
the stimuli). At the concentrations of  10 -3 and 
10-2M N M D A  stimulates L H R H  release, the 
effect of  10 -2 M appearing as more prominent. 
On the contrary, the concentration of  10 -3 M is 
more effective than the concentration of 10 -2 M 
on SRIF  release (Fig. 5). When tested on the 
anterior pituitary (Fig. 5), N M D A  proved to be 
very effective in inducing LH release only when 
used at the concentration of  10 -2 M. The effects 
obtained both at pituitary and at hypothalamic 
level when the concentration of  10 -1 M has been 
used may probably be considered as a non- 
specific result, which however provides strong 
evidence for the viability of  the tissues. Or- 
chidectomy, performed 1 week prior to sacrifice 
completely abolishes the response obtained with 
a 10 -3  M pulse of  N M D A  on L H R H  and SRIF  
(Fig. 6); the stimulatory effect of  the 10-2M 
dose persists even if reduced on L H R H  but is 

totally absent on SRIF.  The effect of  N M D A  
(10 -2 M) at anterior pituitary level on LH se- 
cretion is markedly reduced following cas- 
tration. 

Kainate applied in pulses of  10-6-5 x 10 -2 M 
concentrations (Figs 7 and 8) to the hypothala- 
mus of normal young male rats, has very little 
effect on L H R H  but stimulates SRIF release at 
the concentrations of  10 -3 and 10-2M. At 
anterior pituitary level the lowest dose (10 -6 M) 
of the compound is highly effective in inducing 
LH secretion. The effect disappears at the 
1 0 - L 1 0 - 4 M  concentrations, and reappears at 
10 -3 and 10-2M. Also in castrated animals 
(Fig. 9) KA remains without effect on L H R H  
secretion; on the contrary, castration reduces 
the effect on SRIF; in fact only the 10-2M 
concentration of KA is still able to stimulate 
somatostatin release after orchidectomy. As in 
the case of  N M D A ,  the anterior pituitary of  
castrated rats is much less responsive to KA in 
terms of LH release. 

The present data, while confirming a stimu- 
latory action of  both N M D A  and KA on 
L H R H  release, gives some additional insight on 
their neuroendocrine mode of  action. First of  
all, some differences are apparent  on the effects 
of  the two EAA analogs on the release of  
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L H R H  and  S R I F ;  N M D A  appea r s  to  be m o r e  

p o t e n t  in re leas ing  L H R H ,  whi le  K A  seems to  

be m o r e  effect ive in re leas ing  S R I F .  M o r e o v e r ,  

c a s t r a t i o n  decreases  the  effects o f  N M D A  on  

b o t h  L H R H  a n d  S R I F  release,  whi le  the  effect 

o f  ka in ic  ac id  on  S R I F  re lease  appea r s  to  be less 

affected.  O n e  o f  the  m o s t  r e l evan t  f indings  o f  

this series o f  i nves t iga t ions  is the  s igni f icant  

effect exe r t ed  by  N M D A ,  a n d  pa r t i cu l a r ly  by  

ka ina te ,  at  p i t u i t a r y  level.  Th is  has  n o t  been  

p r ev ious ly  r e p o r t e d  by o t h e r  a u t h o r s  us ing  in 

v i tro  t echn iques .  T h e  d i f ference  m a y  reside in 

the  fact  tha t  the  p re sen t  e x p e r i m e n t s  have  been  

p e r f o r m e d  us ing  a pe r i fus ion  sys tem r a t h e r  t h a n  

s ta t ic  cond i t ions .  O n  the  basis  o f  in vivo s tudies  

u t i l iz ing  L H R H  an tagon i s t s ,  i t  has  been  pos tu -  

la ted  tha t  the  E A A  act  exclus ive ly  at  h y p o t h a l a -  

mic  level t h r o u g h  the  s t i m u l a t i o n  o f  L H R H  

release  [30]. T h e  p re sen t  d a t a  d o  n o t  exc lude  

such  a poss ib i l i ty  b u t  adds  the  new i n f o r m a t i o n  

that ,  in pa r t i cu l a r  cond i t i ons ,  the  E A A  m a y  also 

act  d i rec t ly  on  the  a n t e r i o r  p i tu i ta ry .  I t  is in ter -  

es t ing  to u n d e r l i n e  tha t  the  d i rec t  effects o f  

N M D A  a n d  o f  ka ina t e  on  L H  secre t ion  is 

a b o l i s h e d  in the  absence  o f  and rogens ;  fu r the r  

w o r k  will  c lar i fy  w h e t h e r  this effect is due  to a 

m o d u l a t o r y  inf luence  o f  sex s te ro ids  on  E A A  

receptors .  
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