
Pituitary Receptor Site Blockade by a Gonadotropin-Releasing 
Hormone Antagonist in vivo: Mechanism of Action 

Abstract. Administration of a potent gonadotropin-releasing hormone (GnRH) 
antagonist [ N ~ ~ - L - A ~ ~ ' , ~ C ~ - D - P ~ ~ ~ , D - T V ~ ~ ~ ~ ] G ~ R H  as a single subcutaneous injec- 
tion to castrated adult male rats reduced, by more than 90 percent, both serum 
luteinizing hormone concentrations and specz'jic pituitary GnRH receptor binding. 
This effect persisted for 24 hours. The dissociation rate of the antagonist from 
pituitary membrane homogenates was fourfold slower than the dissociation rate of a 
potent agonist. The prolonged in vivo inhibition of pituitary GnRH receptor binding 
and luteinizing hormone secretion by the GnRH antagonist may be mediated by the 
slower dissociation rate of the antagonist from its specz3c pituitary membrane 
receptor site. 

Two classes of synthetic analogs of 
gonadotropin-releasing hormone (GnRH) 
have been developed that can inhibit 
gonadotropin release after long-term ad- 
ministration. First, potent agonists of 
GnRH initially stimulate and subse- 
quently inhibit gonadotropin secretion in 
both animal model systems and humans 
(1, 2). In the rat, short-term administra- 
tion of GnRH agonists increases pitu- 
itary GnRH receptor number and stimu- 
lates gonadotropin secretion, whereas 
long-term administration leads to pitu- 
itary desensitization to GnRH (3). Potent 
antagonist analogs of GnRH have been 
developed that bind to the GnRH recep- 

tor (4) and inhibit rather than stimulate 
gonadotropin secretion (5). Such antago- 
nists, by way of their inhibition of gonad- 
otropin secretion, show antifertility ef- 
fects in both male and female animals (6, 
7). 

In the present studies, the effects of a 
potent GnRH antagonist at two doses on 
gonadotropin secretion and pituitary 
GnRH receptor binding were determined 
over a 24-hour period in adult male Wis- 
tar rats. Three groups of rats that had 
been castrated 7 days previously re- 
ceived either 100 kg or 1 mg of the 
GnRH antagonist [ N ~ c - L - A ~ ~ ' , ~ c ~ - D -  
P ~ ~ ' , D - T ~ ~ ~ Z ~ ] G ~ R H ,  which had been 

synthesized as described (8). The antag- 
onist was administered as a single subcu- 
taneous injection in corn oil. Control rats 
received vehicle alone. 

At various times after injection, 
groups of five rats were killed and the 
concentrations of luteinizing hormone 
(LH) and follicle-stimulating hormone 
(FSH) in the serum and of LH in the 
pituitary were measured by radioimmu- 
noassays as described (9). Pituitary 
GnRH receptor binding was measured in 
portions of individually homogenized pi- 
tuitary glands. Pituitary homogenates 
analyzed by similar methods yield re- 
sults consistent with those obtained from 
pituitary membrane fractions centrifuged 
at 10,80Og, except that the calculated 
receptor number in homogenates per 
milligram of protein is approximately 
half that found in the further purified 
10,800g membrane pellets (10). In the 
present studies with rats given a single 
dose of antagonist, the percentage of 
specific binding of radioactive label per 
pituitary was analyzed directly by using 
Student's t-test in the three groups; the 
receptor content per milligram of protein 
was not calculated. 

We studied the dissociation rate of the 
GnRH antagonist and an agonist ([D- 
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1200 4 Fig. 1 .  Effects of a single injection of vehicle alone (O), 100 pg of antagonist 
(0) or 1 mg of antagonist (0) on (A) serum LH, (B) specific binding of 

I 

1 
pituitary GnRH receptor, and (C) serum FSH. Groups of five rats from the 
two treatment groups and the control group were killed at 15 minutes, 30 
minutes, and 1 ,  2, 4, 6 ,  8, 16, and 24 hours after antagonist injection. 
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Pituitary receptor binding was measured by incubating the homogenates 

"I 
with 20,000 countimin of 1251-labeled  leu^, des-Gly'OIGnRH ethyl- 

& 1 amide (agonist) in assay buffer [0.01M tris-HC1 buffer, pH 7.4, containing 1 
percent recrystallized bovine serum albumin (Miles Pentex)] with or 

400  without added 10-8M agonist at 4°C for 40 minutes. The bound and free 
hormone were separated by centrifugation at 15,000g. Bars indicate 2 
standard error of the mean. 
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~ e u ~ , d e s - G l ~ ' O ] G n ~ H  ethylamide) by 
labeling each with 1 2 5 ~  and purifying 
them as described (11). The labeled ana- 
logs and pituitary homogenates were in- 
cubated in the assay buffer (see legend to 
Fig. 1) for 40 minutes at 4°C after which 
either 1 0 - ' ~  agonist or 10-'M antago- 
nist was added. After an additional 15, 
30, 60, 90, or 120 minutes, bound and 
free hormone were separated by centrif- 
ugation at 15,000g and the percentage of 
the specific binding was determined. The 
percentage of added radiolabel bound 
was comparable for the agonist and an- 
tagonist (56 and 64 percent), whereas 
nonspecific binding was higher for the 
antagonist (14 as opposed to 5 percent). 
For this reason changes in the percent- 
age of specific binding were expressed as 
a percentage of the control binding (prior 
to the addition of unlabeled antagonist) 
and used to calculate an approximate tl12 
of dissociation for each iodinated com- 
pound. 

Both serum LH concentration and pi- 
tuitary GnRH binding decreased rapidly 
after injection of the GnRH antagonist 
(Fig. 1). The maximum decrease in se- 
rum LH occurred 1 hour after injection 
of either dose of antagonist. Pituitary 
contents of LH remained the same in the 
treated and control groups during the 24- 
hour study period. 

These findings are consistent with an 
early inhibition of LH secretion and rap- 
id clearance of LH from the circulation. 
Maximum inhibition of pituitary GnRH 
receptor binding by the antagonist, at 
both doses, occurred by 30 minutes after 
injection. Both serum LH and pituitary 
GnRH receptor binding remained sup- 
pressed for 24 hours after a single injec- 
tion of antagonist at either dose. In con- 
trast to serum LH, suppression of serum 
FSH (Fig. 1) was less marked and much 
delayed, with 50 percent suppression oc- 
curring 24 hours after injection. The re- 
sponses af serum FSH to antagonist in- 
jection did not vary according to the 
dose used, and the decrease in FSH was 
delayed more than could be explained 
simply on the basis of the slower 
metabolic clearance rate of rat FSH 
(tIl2 = 110 minutes) compared to LH 
(12). 

When the agonist and antagonist were 
radioiodinated and dissociated from pi- 
tuitary membranes by the addition of 
~ O - ~ M  analog, the dissociation rate of 
the antagonist was approximately four- 
fold slower than that of the agonist (tli2 
= 120 minutes compared to 30 minutes) 
(Fig. 2). The GnRH agonist that we used 
stimulates gonadotropin secretion to a 
maximum in rats at approximately 6 
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Fig. 2. Specific pituitary GnRH receptor bind- 
ing (see text) for radioiodinated agonist (0) 
and antagonist (e) plotted against time in 
minutes after exposure to 10- M concentra- 
tions of uniodinated agonist and antagonist, 
respectively. 

hours after administration, with a decline 
toward basal levels occurring by 24 
hours (13). The duration of action of the 
agonist is dependent on a series of steps 
that includes internalization of hormone 
receptor complexes (14). Maximum in- 
hibitory effects of the antagonist on se- 
rum LH and pituitary GnRH receptor 
binding occurred very rapidly compared 
to maximum stimulatory effects of the 
agonist. The slower dissociation rate of 
the antagonist in vitro compared to the 
dissociation rates of the agonist or 
GnRH (15) suggests a mechanism for 
the prolonged suppression of pituitary 
GnRH receptor binding after a single 
injection of antagonist. 

The rapid, prolonged inhibition of go- 
nadotropin secretion caused by the 
GnRH antagonist is probably mediated 
by simple blockade of receptor binding 
sites. Whereas long-term treatment of 
intact male rats with GnRH antagonists 
(4, 16) has been shown to lead to de- 
creased pituitary LH and FSH, we ob- 
served no changes in pituitary LH con- 
tent in rats given a single dose of antago- 
nist, suggesting primary inhibition of the 
LH release mechanism. 

Although the effects of long-term 
treatment with the antagonist on pitu- 
itary LH and FSH contents may be 
secondary to direct effects on LH and 
FSH synthesis, it is also possible that 
with long-term treatment the decreases 
in pituitary gonadotropin content are 
secondary to the observed decreases in 
gonadal steroids which might affect go- 
nadotropin synthesis by way of hypotha- 
lamic or pituitary mechanisms. The dif- 

ferential sensitivity of FSH in vivo to 
inhibition by a single dose of the GnRH 
antagonist does not occur either in antag- 
onist-treated dispersed pituitary cell cul- 
tures or in rats given long-term treatment 
with antagonist; such long-term treat- 
ment in vivo leads to suppression of both 
gonadotropins (17). The mechanisms for 
this differential sensitivity deserve fur- 
ther investigation. 

The present studies support the view 
that the prolonged effects of a single 
GnRH antagonist injection on gonado- 
tropin secretion are secondary to block- 
ade of the pituitary GnRH receptor bind- 
ing site. The mechanism of the prolonged 
blockade can be related to the slower 
dissociation rate of GnRH antagonist 
compared to agonist. The utilization of 
GnRH antagonists for contraception and 
therapy of endocrine-responsive tumors 
may be optimized by the design of deliv- 
ery routes designed to prolong further 
the receptor-mediated effects of these 
antagonists. 
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