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PREFACE:

OUTLINE AND CATEGORIES OF SUBMITTED PUBLICATIONS

For this work, I have selected 30 of my publications to portray various aspects of repro­

ductive endocrinology which T have studied over the past 25 years. These publications are di­

vided into two categories which correspond to distinct periods of my career.

1. Studies in patients with isolated pituitary deficiency and testicular failure. These inves­

tigations commenced in 1971 during my Fellowship in Endocrinology under the direction of the 

late Dr. David Rabinowitz at the Department of Endocrinology, Hadassah University Hospital, 

Jerusalem, Israel. Dr. Rabinowitz left Israel in 1972 and I continued these studies at the same in­

stitution until 1976. From 1977 till 1982, all studies were conducted under my direction in the 

Department of Endocrinology and Metabolism at Shaare Zedek Medical Center in Jerusalem.

2. Studies with synthetic hormone agonists and antagonists. These were conducted from 

1983-1996 while I was a Senior Scientist at the Center for Biomedical Research at The Popula­

tion Council, New York.

Listed below are the peer-review journals in which these articles were published.

Journal of Clinical Endocrinology and Metabolism (11)*

New England Journal of Medicine (6)

American Journal of Obstetrics and Gynecology (2)

Clinical Endocrinology (2)

Contraception (2)

Acta Endocrinologica (1)

* the number of articles appearing in the particular journal is shown in brackets
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Annual Review of Pharmacology and Toxicology (1) 

Archives of Internal Medicine (1)

Fertility and Sterility (1)

Journal of Neurosurgery (1)

Journal of Steroid Biochemistiy (1)

Metabolism (1)



INTRODUCTION:

SCOPE OF SUBMITTED PUBLICATIONS

1. Studies in patients with isolated pituitary hormone deficiency

The hypothalamic-portal blood system was first described by Poppa and Fielding in 1930

(1)’. It was Green and Harris (2) who initially proposed that the hypothalamus controlled ante­

rior pituitary function by secreting regulatory factors into the hyoothalamic-portal circulation. 

The ultimate proof of this hypothesis was supplied in 1970 by the groups of Roger Guillemin (3) 

and Andrew Schally (4) who, working independently, isolated and synthesized the first hypotha­

lamic releasing hormone known as thyrotropin-releasing hormone (TRH). Subsequently Schally 

and coworkers (5) isolated and synthesized luteinizing hormone-releasing hormone (LHRH). 

Thi.s wa > shown to be a decapeptide and it stimulated the secretion of both pituitary gonadotro­

pins, luteinizing hormone (LH) and follicle stimulating hormone (FSH). Since LHRH releases LH 

as well as FSH, it has become customary to refer to this hypothalamic releasing hormone as Go­

nadotropin hormone releasing hormone (GnRH).

Soon after synthetic GnRH became available, my attention was drawn to the evaluation of 

patients who presented with isolated anterior pituitary hormone deficiency. This may be defined 

as selective deficiency of a pituitary hormone with the rest of the gland retaining normal function. 

One such example is isolated bihormonal gonadotropin deficiency, which is also known as hypo- 

gonadotropic hypogonadism. This is characterized by low circulatory levels of both LH and FSH.

*
The number in brackets refers to the chronological list of references cited from the literature. 

All are listed at the end of this Introduction.
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As a consequence of the gonadotropin deficiency, these subjects have low levels of sex steroids 

and present with hypogonadism. The aim of our evaluation was to determine whether the isolated 

gonadotropin deficiency originated because of a lesion at the level of the pituitary, the hypothala­

mus or even higher level. Publications 1 and 2 were among the earliest reported at the time 

wh’ch showed that female and male subjects presenting with this syndrome had a heterogeneous 

response to the administration of GnRH. In the majority of these subjects, there was elevation of 

LH and FSH following GnRH, but when compared to controls, the response was impaired. It 

was thus concluded that in the majority of these subjects, the site of the lesion was at the hypo­

thalamus or above.

Meanwhile, it had been shown that TKH stimulated the secretion not only of thyrotropin 

(TSH) but also of prolactin (6). It had been known for many years that prolactin secretion was 

under tonic inhibition by dopamine (7,8) and that dopaminergic antagonists such as metoclopra- 

mide and chlorpromazine were potent stimulators of prolactin secretion (9). Further evaluation of 

subjects with isolated gonadotropin deficiency showed that these subjects had low basal prolactin 

levels with an impaired prolactin response to stimulation with TKH, chlorpromazine and metoclo- 

pramide (publications 3 and 4). Female (but not male) patients with isolated gonadotropin defi­

ciency also demonstrated subtle defects in TSH secretion characterized by an impaired thyrotropin 

response to TRH in the presence of normal levels of circulating thyroid hormones (publication 5).

The question arose as to whether these defects in prolactin and thyrotropin secretion were 

an inherent component of the syndrome. An alternate explanation was that they represented a 

**
These refer to the personal publications forming the body of this thesis and are listed chrono­

logically in the following section.



consequence of the low circulatory estradiol levels. It was known that both prolactin and thy­

rotropin secretion were stimulated by estrogens (8.10,11). To test the hypothesis, we treated fe­

male patients with exogenous ethinyl estradiol or conjugated estrogens. Male patients were given 

human chorionic gonadotropin (hCG) which increased both serum testosterone and estradiol lev­

els. In both sexes, there was normalization of basal prolactin levels and restoration of the im­

paired prolactin responses to TRH and metoclopramide (publications 3 and 4). However, con­

stant treatment was required to retain normal prolactin responsiveness and its cessation in both 

males and females was associated with a reduction of both basal and stimulated prolactin levels 

(publications 3 and 4). The impaired thyrotropin response to TRH observed in the female patients 

with this syndrome was also normalized following administration of estrogens (publication 5). 

The results o f  these studies supported the conclusion that the altered prolactin and thyrotropin se­

cretory patterns characteristic of isolated gonadotropin deficiency were not an integral component 

o f the syndrome. Rather they were reversible and represented a consequence of the low levels of 

serum estradiol. In contrast to these subtle defects in prolactin and thyrotropin secretion, patients 

with isolated bihormonal gonadotropin deficiency had intact growth hormone and adrenocortico- 

tropin (ACTH) secretion (publication I).

We have utilized the impaired prolactin response to TRH in isolated gonadotropin defi­

ciency as an ancillary aid in differentiating this condition from delayed puberty. Both conditions 

are characterized by an impaired gonadotropin response to GnRH (12). In contrast to isolated 

gonadotropin deficiency, however, the prolactin response to TRH was normal in delayed puberty 

(publication 6).
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Although isolated bihormonal gonadotropin deficiency is the commonest type of selective 

pituitary hormone deficiency, isolated deficiency of a single gonadotropin is extremely uncom­

mon. During .hese investigations, the first patient was describe'1, who presented with isolated de­

ficiency ofFSH. She had low to undetectable levels of FSH in the presence of high levels o f cir­

culating LH (publication 7). This was the first subject described in which antibodies to FSH de­

veloped following administration ofFSH. The preparation used was human menopausal gonado­

tropins (hMG) also known as menotropins (publications 8 and 9).

There have been several reports describing subjects who presented with selective defi­

ciency of other pituitary hormones such as growth hormone, thyrotropin and ACTH (13). How­

ever, isolated prolactin deficiency ’"s distinctly uncommon. Publication 10 documents the first 

subject to be described who presented with unequivocal evidence of isolated prolactin deficiency. 

This subject had low basal prolactin levels and an absent prolactin response to classical stimuli of 

prolactin secretion. The remainder of the pituitary function was intact. The clinical presentation 

of this patient was one of short stature and delayed puberty. The administration of hCG produced 

cn increase in height and sexual maturation. However, following treatment, there was still an ab­

sent prolactin response to stimulation.

To determine possible relationships between prolactin secretion and reproductive function 

in other clinical situations, we turned our attention to the evaluation of patients with primary tes­

ticular disorders.

2. Studies in patients with primary testicular disor ders

Patients studied had idiopathic azoospermia or severe oligospermia consequent to primary 

testicular ftM've or secondary to exposure to the industrial nematocide, dibromochloropropane. 

These subj:. L-. r.?.d high levels of gonadotropins. Testosterone and estradiol levels were normal in
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idiopathic but increased in those subjects with azoospermia secondary to dibromochloropropane. 

In contrast to isolated gonadotropin deficiency, these subjects demonstrated exaggerated prolactin 

responses to TRH, metoclopramide and chlorpromazine. Basal crolactin levels, however, were 

normal (publications 3 and 11). This exaggerated prolactin ■ i was only noted with pharma­

cological stimulation; prolactin levels were normal in respond iO the physiological stimulus of 

sleep ( publication 12).

The exaggerated prolactin responses could be related to estrogens which are known to in­

crease prolactin levels (8, 10). Indeed estradiol levels were increased in those subjects who had 

been exposed to dibromochloropropane and the estradiol/testosterone ratio correlated with the in­

creased prolactin response to TRH in the idiopathic group ( publications 3 and 11). Moreover 

following the administration of the antiestrogen clomiphene citrate, there was a reduction in the 

exaggerated prolactin response confirming that this phenomenon is indeed modulated by estro­

gens (publication 13) It was thus concluded that the exaggerated prolactin response observed in 

patients with primary testicular disorders, represented a pharmacological phenomenon and was a 

consequence of enhanced estrogen activity.

S. Studies with a GnRH agonist

Soon after the discovery of GnRH, scientists turned their attention to the synthesis of ago­

nistic and antagonistic analogs of this decapeptide. Currently many potent long-acting prepara­

tions are available (14). Following the administration o f a potent agonist, there is an initial burst 

o f both LH and FSH secretion. This is then followed by receptor down-regulation which results 

in a fall o f gonadotropin secretion (14). Thus administration of a potent GnRH agonist has a 

paradoxical effect and leads to reduction of secretion of sex steroids in both men and women re­

sulting in the development of a hypogonadal state.
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One subset of patients with acute intermittent porphyria often have severe exacerbations 

of their disease often with debilitating attacks in relation to the menstrual cycle. These attacks are 

presumably hormone induced. We asked ourselves if administration of a long-acting GnRH ago­

nist would alter these cyclical attacks of pain patterns by producing a medical hypogonadism. 

Parenteral administration of one of these long acting agonists (D-His) blocked these repeated at­

tacks (publication 14). We subsequently developed an effective nasal delivery system for this long 

acting agonist (publication 15). This form of treatment is now well-established in the treatment of 

this variant of the disease.

4. Studies with a progesterone antagonist

An unique opportunity to continue our ongoing study of antihormones and hormone an­

tagonists arose in 1981 (15). In that year the first antiprogestin was synthesized by scientists at 

Roussel UCLAF. This was known as RU 38486. It was later abbreviated to RU 486 and is now 

known as mifepristone. O f interest is the fact that this synthetic steroid was first recognized as an 

antiglucocorticoid. Only subsequent- was it appreciated that this agent was also a potent anti­

progestin (15). Mifepristone binds strongly to both progesterone and glucocorticoid receptors 

and displays potent antiglucocorticoid and antiprogestin properties. This fascinating compound 

has enabled us to further our understanding of female reproductive function. The mechanism of 

action and physiological effects of antiprogestins has been reviewed in publications 16 and 17.

Our initial task was to determine if this agent produced glucocorticoid deficiency since this 

would limit its use as an antiprogestin. To answer this question, studies were conducted in dogs. 

Despite blockade of glucocorticoid receptors with high doses of mifepristone, none of the dogs 

developed any signs of adrenal insufficiency. This was related to the fact that the increase in 

ACTH and cortisol consequent to mifepristone administration, overcame glucocorticosteroid re­
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ceptor blockade (publication 18). An interesting observation was that on repeated challenging 

some of these animals consistently had higher ACTH and cortisol responses than others. It is not 

known why these dogs displayed different patterns to mifepristone administration. It could pre­

sumably be related to variations in pharmacokinetics, since circulating levels of mifepristone and 

the mono- and didemethylated derivatives were higher in those animals who demonstrated a 

greater cortisol response (publication 19). In pharmacokinetic studies carried out in humans, we 

have shown that mifepristone is rapidly broken down to these metabolites which bind to glucocor­

ticoid and progesterone receptors, and may have antagonistic actions (publication 20).

An attempt was then made to block glucocorticoid receptors by administering high doses 

of mifepristone to a patient with Cushing’s syndrome due to ectopic ACTH syndrome. This ame­

liorated the clinical and biochemical manifestations of the disease without changing circulating 

cortisol levels (publication 21). The results of these studies showed that mifepristone was an ef­

fective clinical glucocorticoid antagonist.

Mifepristone may also play a rc'e in the treatment of other tumors which have demonstra­

ble steroid receptors (16, 17). One such tumor is the meningioma which has high concentrations 

of progesterone receptors (17). We showed that there was objective and subjective improvement 

in five out of 14 patients with inoperable meningioma on treatment with 200 mg mifepristone 

daily (publication 22). None of these subjects developed any clinical evidence of unequivocal glu­

cocorticoid deficiency.

One of the main actions of progesterone is in the initiation and maintenance of pregnancy. 

For this reason, an antiprogestin would be expected to produce medical termination of pregnancy. 

Different dose schedules of mifepristone were used to terminate pregnancy in women with 

amenorrhea of under 49 days duration (publications 23 and 24). The success ranged from 50 -
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86% with doses of 50 mg or 100 mg administered daily for 7 days or with a single 450 mg dose. 

There was only a 10% success rate with higher doses (200 or 400 mg daily for 4 days). In these 

studies, there was a dose dependent transient increase in serum cortisol but in none of these sub­

jects was there clinical evidence of hypoadrenalism. There were two major conclusions to this 

study. Firstly it was apparent that mifepristone is a more potent antiprogestin than it is an antiglu­

cocorticoid and that higher doses of mifepristone were required to produce an antiglucocorticoid 

as compared to an antiprogestin effect. Secondly, when administered alone, mifepristone was not 

sufficiently effective as a medical abortifacient to be used routinely in the clinic.

Mifepristone has many other potential applications in female reproductive health. It is 

well known that together with estradiol, progesterone facilitates the LH surge prior to ovulation 

(18). The question was posed as to whether mifepristone could block the LH surge and ovulation 

thus acting like the classical contraceptive pill. Follicular phase mifepristone administration inter­

rupted normal follicular development. This resulted in delay of the LH surge and ovulation 

(publication 25). Following cessation of mifepristone, there was re-initiation of follicular growth 

with eventual ovulation. An attempt was made to use intermittent mifepristone administration as 

a contraceptive agent by blocking ovulation (publication 26). With the doses and regimen used, it 

was not always possible to block the LH surge. Furthermore, no definite dose response effect 

was evident. It was concluded that with the regimens evaluated, mifepristone could not consis­

tently inhibit ovulation.

Progesterone is critical for transforming the endometrium from a proliferative to a secre­

tory state. It is the fall of progesterone and estradiol at the end of the menstrual cycle which ini­

tiates the process of endometrial sloughing and bleeding. Could mifepristone, acting as an anti­

progestin induce endometrial bleeding by withdrawing progesterone support? Mifepristone, ad­
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ministered in a dose of 50 mg or higi-er m the mid or late luteal phase, did indeed produce men­

strual bleeding (publications 27 - 30).

Was the menstrual bleeding consequent to mifepristone administration a direct action on 

the endometrium or secondary to an effect on the hypothalamic-pituitary-ovarian axis? This issue 

was addressed by administering hCG with or without mifepristone during the luteal phase in nor­

mal women. The action of hCG was to simulate early pregnancy by increasing estradiol and pro­

gesterone levels and delaying the onset of bleeding (publication 27 and 28). However this treat­

ment regimen did not prevent bleeding induced by an adequate dose of mifepristone. Thus, by 

maintaining corpus luteum function with exogenous hCG, mifepristone related menstrual bleeding 

occurred despite high circulating progesterone and estradiol levels. This indicated that antipro- 

gestins act directly at the level of the endometrium (publication 27).

Mid luteal phase administration of mifepristone (50 mg or greater) induced menstrual 

bleeding within 36 to 72 hours although complete luteolysis only occurred in one third of the sub­

jects. In the remainder, there was a second episode of menstrual bleeding at the time of sponta­

neous luteolysis (publications 28 and 29). This effect was not dose dependent (publication 29). 

This variable effect on bleeding prevents the clinical application of antiprogestins in the mid luteal 

phase.

In contrast, when mifepristone was administered in the late luteal phase, only one bleeding 

episode was observed. This usually commenced within 24 to 48 hours after mifepristone admini­

stration (publication 30). In another study, mifepristone was given for 4 consecutive days prior to 

the expected menses for three successive cycles. This was preceded and followed by two pla­

cebo-treated cycles (publication 30). Bleeding patterns and hormonal profiles were similar be­

tween mifepristone and placebo cycles. It was concluded that mifepristone had no major effect on
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menstrual cycle events when administered at the time of expected menses. The results of these 

studies have suggested new therapeutic avenues to be explored in the treatment of female repro­

ductive health. The possibility exists for the use of antiprogestins as monthly-menses-inducers, 

morning-after-pills or even contraceptives.

5, Summary

We have shown that patients presenting with isolated bihormonal gonadotropin deficiency 

respond to the administration of GnKH with an impaired elevation of LH and FSH indicating that 

the site of the lesion is at the hypothalamus or above. These subjects had low basal prolactin lev­

els with an impaired prolactin response to stimulation. Female patients also demonstrated an im­

paired thyrotropin responses to TRH. These defects in prolactin and thyrotropin secretion were 

reversible on steroid treatment indicating that they represented a consequence of the low circula­

tory estradiol levels and were not an inherent component of the syndrome. This impaired prolac­

tin response to TRH in isolated gonadotropin d' ticiency ras < een used as an ancillary aid in differ­

entiating this condition from delayed puberty. In contrast to isolated gonadotropin deficiency, the 

prolactin response to TRH is normal in delayed puberty.

During these investigations, the first patient was described who presented with isolated 

deficiency of FSH. She developed antibodies to FSH following administration of exogenous 

FSH. In addition, we had the opportunity to evaluate the first subject who presented with une­

quivocal evidence of isolated prolactin deficiency.

Following these observations, we turned our attention to the assessment of prolactin se­

cretion in patients with testicular failure who had high circulating levels of gonadotropins. These 

subjects demonstrated exaggerated prolactin responses to pharmacological but not to physiologi­
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cal stimulation. This exaggerated prolactin response was shown to be a consequence of enhanced 

estrogen activity.

Studies were then conducted with long acting GnRH agonists which induced a medical 

hypogonadism. One of these agonists, D-His, was administered to patients with acute intermittent 

porphyria who had severe exacerbations of their disease in relation to the menstrual cycle. This 

treatment was extremely effective in blocking these repeated debilitating attacks.

The final part of this thesis, was related to the evaluation of the clinical effects of the 

synthetic steroid mifepristone, which is both an antiprogestin and an antiglucocorticoid. Despite 

high dose mifepristone administration to dogs, none developed any signs of adrenal insufficiency. 

This was because the increase in ACTH and cortisol overcame glucocorticosteroid receptor 

blockade. High doses of mifepristone administered to a patient with Cushing’s syndrome due to 

ectopic ACTH syndrome ameliorated the clinical and biochemical manifestations of the disease. 

Mifepristone also plays a role in the treatment of other (non-adrenal) tumors which have demon­

strable steroid receptors such as meningioma.

Progesterone is critical in the initiation and maintenance of pregnancy. Different dose 

schedules of mifepristone were used to terminate pregnancy in women with amenorrhea of under 

49 days duration and in the majority of these studies, the success ranged from 50 - 86%. In no 

subject did hypoadrenalism develop which indicates that mifepristone is more potent as an anti­

progestin than as an antiglucocorticoid. However when administered by itself, mifepristone is not 

a clinically effective medical abortifacient agent.

Follicular phase mifepristone administration interrupted normal follicular development, 

delaying the LH surge and ovulation. With the doses and regimen used, it was not possible to
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uniformly inhibit the LH surge. Thus mifepristone could not be used as a contraceptive by block­

ing ovulation.

Mifepristone administered in the mid or late luteal phase produced menstrual bleeding as a 

result of a direct action on the endometrium. Mifepristone had no major effect on menstrual cycle 

events when administered at the time of expected menses. The advent of antiprogestins has in­

deed opened a new chapter in reproductive biology.
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ISOLATED GONADOTROPIN DEFICIENCY

A  H e te ro g en o u s S y n d ro m e

I. M . S p i t z , M .D ., M .R .C .P ., Y. D i a m a n t , M .D ., E . R o s e n , M .D ., J .  B e l l , M .B., M .R .A .C .P ., 
M . B e n  D a v i d , P h .D . W . P o l i s h u k ,  M .D ., a n d  D . R a b i n o w i t z , M .D ., M .R .C .P ., M .R .C .P .E .

A b s tra c t  S e v e n  fem ale  p a tie n ts  w ith p rim ary  a m e n o r ­
r h e a  w e re  sh o w n  to  h a v e  iso la ted  g o n a d o tro p in  defi­
c ie n cy . T h y ro id  an d  a d re n a l fu n c tio n  a n d  g ro w th  h o r­
m o n e  s e c re t io n  w e re  n o rm a l. B as.ii le v e ls  o f fo llicle- 
s tim u la tin g  h o rm o n e , lu te in iz ing  h o rm o n e  a n d  e s tra d io l 
17/? w e re  b e lo w  th e  limit o f sensitiv ity  o f o u r  a s s a y s ,  a n d  
th e r e  w a s  n o  c h a n g e  a f te r  in tra v e n o u s  e s tr o g e n  o r  o ra l 
c lo m ip h e n e  c itra te . W ith lu te in iz in g -h o rm o n e -re lea s in g  
h o rm o n e , lev e ls  of b o th  fo llic le -s tim u lating  a n d  lu te in iz ­
ing  h o rm o n e s  ro s e  in five s u b je c ts ,  o f lu te in iz ing  h o r­
m o n e  on ly  in c re a s e d  in o n e  s u b je c t, a n d  in th e  re m a in ­
ing  p a tie n t  th e re  w as  n o  c h a n g e  in e ith e r  h o rm o n e . In

T S O L A T E D  deficiency o f  p itu ita ry  secretion o f  the 
g o n ad o tro p in s h u m a n  fo llic le-stim ulating  h o r­

m o n e  (h F S H ) a n d  h u m a n  lu te in iz ing  ho rm o n e  (hL H ) 
has long been  recognized.1"0 T h e  ad v en t o f  rad io im m u ­
noassay  h as perm itted  d o cu m en ta tio n  o f  su b n o rm a l or 
absen t perip h era l levels o f  bo th  horm ones in this syn­
d ro m e (“hypog o n ad o tro p ic  hypog o n ad ism ” ).1-” T he 
low c ircu la tin g  h F S H  a n d  h L H  levels cou ld  be  conse­
q u e n t u p o n  failu re  o f  the  g o n ad o tro p e  o r  fa ilu re  o f  the 
a p p ro p ria te  signal to reach  the  gon ad o tro p e  v ia  the  p i­
tu ita ry  p o rta l circu lation . T hus, the defect cou ld  be in 
the h y p o th a lam u s or a t  a n  even h ig h er cen tra l level.

T h e  iden tifica tion  o f  th e  th y ro trop in -re leasing  hor­
m one (T R H ) has helped  to p in p o in t th e  n a tu re  o f  the 
defect in sta tes o f thy ro id -s tim u la tin g  horm one (T S H ) 
deficiency. M a n y  p a tien ts  w ith  id io p a th ic  h y p o p itu i­
tarism , inc lu d in g  secondary  hypo thy ro id ism , respond 
w ith  a  rise o f T S H  afte r  T R H , in d ica tin g  th a t th e  thy- 
ro tro p e  is in tac t.” 10 F leL cher et al. hav e  repo rted  a  pos­
itive response to T R H  in one p a tie n t w ith  isolated 
T S H  deficiency.10 K a p la n  et a l.” hav e  suggested th a t

F ro m  th e  d ep a rtm en ts  o f  C h em ical E ndocrinology, O bstetrics an d  G yne- 
cc logy  H a d assah  U niversity  H o sp ita l, Jerusa lem , Israel (address reprint, re­
q u ests  to  D r. R ab inow itz a t  H a d assah  U niversity  H osp ita l, P.O. Box 499, 
Je ru sa lem , Israel],

S u p p o rte d  by  th e  Israel C an ce r A ssociation, th e  Jo in t F u n d , H a d assah - 
H ebrew  U niversity , th e  P o p u la tio n  C ouncil (M 73.75), an d  by a g ra n t- in -a id  
from  the c h ie f  scientist, Israel M in istry  o f  H ealth .

all th re e  p a tie n ts  to  w hom  u tin a ry  g o n a d o tro p in s  
(m e n o tro p in s )  w e re  ad m in is te red  s e ru m  e s tr a d io l  17/3 
w a s  e lev a . '. S u b s e q u e n t  th e ra p y  w ith h u m a n  c h o ­
r io n ic  g o n a d o tro p in  led to  ovu la tion , w ith  a n  in c r e a s e  in 
s e ru m  p ro g e s te r o n e ,  a n d  tw o  p a tie n ts  b e c a m e  p r e g ­
n a n t.

T h e  sy n d ro m e  o f iso la ted  g o n a d o tro p in  d e f ic ie n ­
c y  th u s  a p p e a r s  to  b e  h e te ro g e n o u s  a lth o u g h  in 
m o s t  p a tie n ts  th e  p itu ita ry  g o n a d o tro p e  is in ta c t  
a n d  th e  d e fe c t  r e s id e s  in th e  h y p o th a la m u s . O v a ria n  
re s p o n s iv e n e s s  is re ta in e d . (N E ngl J  M ed 2 9 0 :1 0 -1 5 , 
1 974) "

m ost sta tes o f id io p a th ic  p itu ita ry  deficiency are  in fact 
d u e  o h y p o th a lam ic  ra th e r  th an  p itu ita ry  disease.

A v ailab ility  o f  lu tein izing-horm one-releasing  h o r ­
m o n e  (L H R H )11 has allow ed sim ilar ex a m in a tio n  o f 
th e  site o f  th e  lesion in isolated g o n ad o tro p in  defic ien­
cy, an d  there  hav e  a lread y  been som e repo rts o f  its a d ­
m in is tra tio n  in this co n d itio n .1”"10 In  o u r stu d y  o f  seven 
fem ale p a tien ts  w ith  th is syndrom e w e so u g h t answ ers 
to two questions: w hether the  site o f  th e  lesion in the  
h y p o th a la m ic -p itu ita ry  u n it could be  iden tified : an d  
w h a t was the responsiveness o f th e  ovary , dep riv ed  
o f  endogenous gonad o tro p in , to th e rap y  w ith  h u m a n  
m enopausal g o n ad o tro p in s (hM G ) a n d  h u m a n  c h o r i­
o n ic  g o n ad o tro p in  (hCG ).

O u r  results show  th a t the syndrom e o f  isolated g o ­
n a d o tro p in  deficiency is heterogenous. W hereas none 
o f  the  p a tien ts  responded to clom iphene c itra te  o r  to 
con jugated  estrogens, responses to L H R H  were varied .

Abbreviations Used

hCG: human chorionic gonadotropin 
hFSH: human follicle-stimulating horm one 
hGH: human growth hormone
hMG: human m enopausal gonadotropins 
LHRH: luteinizing-hormone-releasing hormone 
TRH: thyrotropin-releasing hormone 
TSH: thyroid-stimulating hormone

R ep rin ted  from  the  N ew  E tig lttiu l J o u rn a l o / 'M e ilir ia e  
290:10-15  (Ja n u a r)  31, 1974



In  all p a tien ts  tested, the  ovary  responded to exogenous 
g o n a d o tro p in  therapy.

M a t e r i a l  a n d  M e t h o d s

Serum hFSH  and hLH  were measured "by radioimmunoassay 
w ith use of double-antibody systems.17*,B P itu itary  hLH  (IRC2), sup­
plied by Dr. A. S. H artree, and pituitary hFSH  (LER-13G6), pro­
vided by  the N ational P ituitary Agency, were labeled w ith radioac­
tive iodine ( l“ I) to specific activities of 50 to 100 /iCi per micro­
gram .19 R abb it anti*hCG antibody, a  gift of Dr. Saul Rosen, was em ­
ployed in a  final dilution of 1:1,500,000, and  rabbit anti-HFSH an ti­
body, a  gift of Dr. W . D. Odell, in a  final dilution of 1:20,000. Goat 
an ti-rabb it gam m a globulin was used as the second antibody. T he 
Second International Reference P reparation for H um an M eno­
pausal Gonadotropins (2d IRP-hM G ), provided by Dr. D. R. Bang- 
ham , was used as reference standard for both hFSH  and hLH  and 
expressed as m lU  2d IRP-hM G  per milliliter o f serum. In our ra­
dioimmunoassay system 1 ng o f H artree hL H  is equivalent to 8 m lU  
o f  2d IR P-hM G , and I ng o f hFSH  (LER-1366) is equivalent to 2.9 
m lU  of 2d IRP-hM G . T he lower lim it of sensitivity of the im m u­
noassay for hFSH  and hL H  varied in different assays between 0.6 
and 1.0 m lU  per tube. Since we use a  m aximum of 0.2 ml of serum 
p e r  tube , this corresponds c o a se n s t tm ty o f3 .0 to 5 .0 m ll/  pe r mt Wi­
n te r for hL H  and for hFSH . All serum samples from a  sequential 
s tudy  were run in duplicate in the came assay. Serum estradiol 17/3 
was m easured by a  radioimmunoassay”  using estradiol-17/8-6,7-3H 
o f  specific activity 45 Gi per millimole and  a  sheep antiserum  raised 
against cstradiol-17/?-bovine serum album in conjugate, a gift of Dr. 
F. Dray. T h e  steroids were extracted from serum by ether, and subse­
quently  subjected to chrom atography on Sephadex LH  20, and  the 
appropriate  fractions were collected for assay o f estradiol. “Bound1’ 
estradiol was separated from “free” by use o f dextran-coatcd char­
coal.2’ All samples were corrected for the procedural loss, which was 
m onitored by internal recovery. TI.e lim it of sensitivity o f the assay is 
15 pg  per milliliter.

Serum  progesterone was measured by radioimmunoassay52 with 
useorprogesterone-la,2/J-3H  with aspecific activity of 53 Ci per mil­
limole. T h e  antibody raised against a  rabb it was kindly supplied by 
D r. H . L indner, Rehoboth, Israel. Immonoassay was performed 
after e th e r extraction, and separation was effected with dextran- 
coated charcoal.21

G rowth hormone (hG H) was measured by an immunoassay31 em ­
ploying a single antibody system w ith separation o f “bound” from 
“ free" horm one by dextran charcoal.8'

Serum 11-hydroxy-corticosteroids (“cortisol” ) were assayed by 
the fiuoromctric method o f M attingly.21

All test procedures were begun between 7:30 and  8:00 a.m. after 
an overnight fast. A needle was inserted into an antecubital vein and 
was kept paten t by the slow adm inistration of physiologic saline. 
A fter a  basal control period o f a t least 60 minutes, du ring  which seri­
al blood samples were taken, the test substance was given intrave­
nously via a three-way stopcock, and  periodic blood sam pling con­
tinued.

LHRH T est

Unless otherwise stated, 100 pg of L H R H  was rapidly injected, 
and  blood samples taken at intervals of approximately 15 minutes 
for a  period ofup  to two hours. O n occasion, further doses were given 
60 or 120 minutes after the initial injection, and periodic sampling 
continued. Several of the subjects were challenged with L H R H  on 
more than  one occasion. In  normal women, tested during the early 
follicular phase of the cycle, 100 fig of L H R H  efiects an increase 
of two to four times in hLH , and a 50 to 130 per cent increase in 
hFSH .

Conjugated Estrogen Test

T w enty  or 25 mg of conjugated equine estrogen (Prem arin) was 
adm inistered intravenously over two to 10 minutes. Blood samples 
were then  taken at about hourly intervals for one to two days. O n the 
fourth day  after conjugated estrogen the blood samples were w ith­
d raw n daily or twice daily for up to a  week.

Insulin Test

Insulin (0.1 U  per kilogram of body weight) was adm inistered in ­
travenously, and blood samples were taken at 15-minute intervals for 
90 minutes.

Clom lphene Test

C lom iphene citrate was administered in a  dosage of 50 to 150 mg 
p er day  for five days. In  some subjects the procedure was repeated  
w ith larger doses o f  clomiphene. Blood samples were taken each 
m orning during  the clomiphene adm inistration and for a  fu rthe r 
period up to one m onth.

Therapy with hMG

In  patients treated  with hM G  (Menotvopins, Pergonal 500, 
H um an  Post-M enopausal Gonadotrophins, Istitu to  Farmacologico 
Serono, Rom a and Ikapharm , Limited, R am at G an, Israel), the be­
g inning  dose was 2 am poules daily. W ith use of clinical indexes o f es- 
trogenization such as an increase in cervical mucus arborization, the 
dosage was grac* ’ally increased until maximum arborization had 
been attained  for a t least three days. T hereafter hCG was adm inis­
tered on two or m ore successive days. Blood samples were taken a t 
frequent intervals throughout the period offiM G  and  hCG  adm inis­
tration. I f  undue ovarian enlargement became apparen t during  the 
hM G  adm inistration, therapy was im mediately withheld.

R e s u l t s

G eneral Clinical and  Laboratory Features

T h e  ch ief co m p la in t am ong  o u r seven p a tien ts  was 
p r im a ry  am en o rrh ea . C lin ical d a ta  a re  show n in T a b le  
I. W ith  the  excep tion  o f Case 4  all p a tien ts  n o ted  d e ­
velo p m en t o f  ax illa ry  an d  pubic h a ir  before receiv ing  
th erap y . B reast developm ent was observed before es­
trogen  th e rap y  in  five p atien ts (Cases 2, 3, 5, 6 a n d  7); 
one  subject (C ase 1) related  breast d ev elopm en t to th e  
tim e o f  estrogen ad m in istra tio n , w hereas in C ase 4, th e  
b reastsfa iJed  to develop despite in tensive system ic a n d  
local therapy . T h is  p a tien t also had  no ax illa ry  h a ir , a l­
th o u g h  pub ic  h a ir  d id  develop spon taneously . All 
seven p atien ts responded to estrogen th e rap y  w ith  
w ith d raw al b leeding. O f  interest w as th e  response o f

Table 1. Clinical and Laboratory Details In Isolated G onadotro­
pin Deficiency.

C ase S pa n 17- 17- T h y * C o r t is o l h G H
N o . K e t o - H y- r o x -

STE- DROX-
ROIDS YtOK-

MHOS

UPPER HASAL AFTER

tn g /2 4  fir /ig/ZGOm/ n g /n i l

1 22 86 88.5 175.5 4.6 4.8 6.5 10.3 17.2 19
2 2 9 82.5 8 8 176 5.7 5.7 6.0 14.8
3 27 84 90 176 7.1 7.1 8.9 13.2 20.7 > 3 0
4 24 77 85 168 4.5 3.6 6.6 21.8 > 5 0
5 25 73 94 180 4.0 5.6 7.0 13.5
6 22 79 91 180 5.1 2.6 8.2 12.9 19.8 > 5 0
7 26 88 81 167 4.5 5.9 4.0 7.5 22.4 32

N o rm a l 4-9 3-7.5 3.5-8.0 18-35 7-50

4



Cases 2, 3 a n d  7, w ho h ad  m enstrual b leeding after 
e ith e r in tra m u scu la r  progesterone o r  o ra l progestins. 
N o p e rtin en t fam ily  h istory  was ob ta in ed  in any  o f the 
subjects. O n e  p a tien t (Case 4) had  anosm ia . W ith the 
excep tion  o f  C ase 7 p roportions in all subjects were eu ­
nuchoid  (T a b le  1).

V isual fields a n d  x-ray  films o f  skull an d  p itu itary  
fossa w ere n o rm al. B uccal sm ear w as positive in all, 
a n d  ch rom osom al studies on  three subjects showed a  
4 6 X X  p a tte rn . O n  laparoscopy , a  sm all, hypoplastic 
u terus a n d  sm all, w hite  ovaries were no ted . O varian  
biopsy, perfo rm ed  in two patien ts, show ed the  presence 
o f  p rim itiv e  p rim o rd ia l follicles. U rin a ry  17-keto- 
steroids, 17-hydroxycorticoids an d  stud ies o f  thyroid  
function  (serum  thyroxine , “ tri-iodo thy ron ine  Sepha- 
dex,” A m es, an d  rad io io d in e  u p take  studies) were all 
w ith in  n o rm a l lim its.

Secretion  o f  A C T H  (assessed ind irec tly  by cortisol 
levels) w as n o rm a l in all subjects, an d  h G H  was norm al 
in six o f  th e  seven subjects w ho were tested . W ith in ­
d u c tio n  o f  hypoglycem ia by insulin , h G H  levels rose to 
peak values o f  19 ng per m illiliter o r h igher, and  cor­
tisol levels rose from  basal values o f 7.5 to 13.2 to m axi­
m al levels o f  17.2 to 22.4 gg  p e r  100 m l. C ases 2 ,4  and  5 
show ed ra n d o m  cortisol levels o f  13.5 pg  p er 100 ml or 
g reater, a n d  C ase 5 show ed h G H  levels o f  9 ng  per m il­
lilite r a n d  hence  fu rth e r  tests were n o t m ade.

Specific Hormonal Studies

Basal values o f  gonadotropins and o f  estradiol-17p. Basal 
g o n a d o tro p in  secretion w as assessed in  two ways 
(T ab le  2): b y  daily  b lood sam ples for several days; an d  
by f req u e n t sam pling  in  p a r tic u la r  p a tien ts  over a  
n u m b er o f hours. Basal levels o f h F S H  an d  of hL H  
were u n d e te c ta b le  in all subjects except tw o, in whom  
one sa m p le  o u t  o f  26 an d  35 respectively showed h L H  
values o f  5 m lU  per m illiliter. Basal va lues o f serum  es­
tradiol-17/3 w ere all below  20 pg  per m illiliter. A m ong 
no rm al w om en, m ean  values o f  estradio l 17)3 o f 30 pg  
per m illilite r w ere found d u rin g  the ea rly  proliferative 
phase, w h ich  increased to peak  values o f  180 pg per 
m illilite r o n e  d ay  before th e  h L H  surge, w ith  a  p la teau  
o f  105 pg  p er m illiliter, d u r in g  the secretory phase o f 
the  cycle.

Response to clomiphene citrate. All p a tien ts  were ch a l­
lenged w ith  clom iphene citra te . T w o p a tien ts  (Cases 2 
a n d  7) rep o rted  no rise in basal body tem p era tu re  an d  
no m en s tru a l b leed ing  a fte r  the  tab lets. O f  the o ther 
subjects d e ta iled  m easurem ents o f h F S H  and  h L H  
w ere m a d e  in five, an d  o f  es trad io l-17/3 in three over a  
four-w eek p eriod  after c lom iphene. T h e re  was little or 
no ch an g e  in  serum  gonad o tro p in s o r estrad io l (Table 
2). C ase 4  h a d  n ine  to 12 sam ples an a ly zed  for h L H  
an d  h F S H  on  a  day  before an d  a  day  a f te r  clom iphene. 
Levels w ere all un d e tec tab le  on bo th  days. F igure 1 
shows g o n ad o tro p in  a n d  estradiol-17/3 levels in th a t 
p a tie n t a f te r  c lom iphene citrate .

Responses to conjugated estrogens. In trav en o u s conju­
gated  estrogens failed to effect a  n o tew orthy  rise in 
g o n a d o tro p in  levels in an y  o f  the five patien ts tested

Table 2. Serum Levels of hFSH and hLH in Isolated G onado­
tropin Deficiency.

Case No. IlFSH HLH

no. o r CONCEN­ NO. OF CONCEN­
DETERMI­
NATIONS*

TRATION1

m lU /m l

DETERMI­
NATIONS'

TRATION1

m W /m l

1:
Basal 2 6 (0 ) _ 2 6 (1 ) 5
A fter c lom iphene 2 1 (1 ) 7 2 0 (1 ) 7

c itra te1
2 0 (1 ) 7 2 1 (1 ) 6

A fte r con juga ted 2 1 (1 ) 4 2 1 (3 ) 6,6,6
estrogens

Basal 1 (0 ) 1 (0 ) __
A fter con juga ted 8 (0 ) — 8 (0 ) ___

estrogens

Basal 10(0) 3 (0 )
A fte r c lo m ip h en e 1 9 (0 ) 2 0 (4 ) 4,4.5,4.5.5

A fter con juga ted 1 0(0 ) — 12(2) 4.5,12.5
estrogens

4:
Basal 4 1 (0 ) 3 5 (1 ) 5
A fte r c lo m p h cn c 2 9 (0 ) 2 6 (3 ) 4,5,7

Basal 6 (0 ) 6 (0 )
A fter c lom iphene 15(0 ) 12(1) 5

A fte r co n juga ted  
estrogens

16(0 ) 19(1) 4.5

Basal 12 (0 ) 14(0) _
A fte r c lom iphene 6 (0 ) 1 8(0 )

citra te

Basal 9 (0 ) K 0 ) _ _

A fter co n juga ted 8 (0 ) 8 (1 ) 6
estrogens

’ Figures in parentheses represent no. o f determinations above assay sensitivity. 
'Absolute values of FSH & LH above assay sensitivity.
•2 courses (250 mg & 500 mg total dose over 5 days).

(T ab le  2). T h e  response in  C ase 1, w hich  w as ch arac­
teristic o f  o u r  g roup  o f  p a tien ts , is show n in  F igure  2 

Response to L H R H  (Fig. 3  and 4 ). All p a tien ts  received

F S H
m/U/mf

CtOM W Cto □  □ ”

. r m  nTTTTTTTT- "~n r r rm  r r r rn  rm

20
LH

m l J / m l  tO

Bilroaiolt7/i 
PS/m/ ,0

6 12 16 20 24 28 2 6 tO 14 }6 22
N O V  DECZ970

Figure 1. Serum FSH, LH and Estradiol-17/3 Levels In C ase 4 
after Clomiphene Citrate.

In this and subsequent figures a horizontal line with an arrow 
pointing down Indicates that values are below the sensitivity of 

the  method.
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Figure 2. Serum FSH and  LH-Levels in C ase 1 after Conjugated 
Estrogens (Premarin) Given Intravenously.

L H R H  on a t  least one occasion. A dm in istra tion  o f 
L H R H  w as not acco m pan ied  by  an y  side effects. T h e  
follow ing responses were observed. G roup 1 (five
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Figure 3. Serum FSH and LH Levels in C ases 1 to 5 after LHRH 
Administration.

The dose w as 100 pg unless otherwise indicated. Arrows show 
time of administration of LHRH.

Figure 4. Serum FSH and  LH Levels in C ase  6 after LHRH Ad­
ministration.

Large arrows show time of adm inistration of LHRH.

subjects), elevation  o f h F S H  a n d  o f  h L H  (Fig. 3); 
G ro u p  2 (one subject), inconsistent e lev a tio n  o f  h L H  
on ly  (Fig. 4); a n d  G ro u p  3 (one sub jec t), no response o f 
h F S H  o r  hL H .

A m o n g  G roup  1 subjects, defin ite  e lev a tio n  o f  h L H  
w as a p p a re n t  by  15 m inu tes, a n d  p eak  responses oc­
cu rred  betw een 15 a n d  60 m inu tes (F ig . 3). A  second  
pulse o f  L H R H , w hen  th e  h o rm o n e  w as g iven  120 
m in u tes a fte r  the first, was eq u a lly  effective in e lic itin g  
an  L H  response. In  C ase 3, w hen th e  second  pu lse  w as 
g iven 60 m inu tes a f te r  th e  first, th e  L H  response a p ­
p e a re d  som ew hat delayed.

E le v a tio n  o f h F S H  occurred  20 to  40  m in u tes a f te r  
L H R H . In  no p a tie n t h ad  h F S H  levels re tu rn e d  to 
base line by  120 m inu tes. A second pu lse  g iven a t  120 
m inu tes elicited a n  increase in h F S H  levels s im ila r to 
th e  first test. C ase 1 w as given e th in y l es trad io l (0.1 m g ) 
o ra lly  fo r one week, a n d  the  L H R H  test was rep ea ted . 
T h e re  w as no rise in  h F S H , a n d  th e  h L H  response a p ­
p eared  a tten u a ted .

C ase 6  show ed a n  in teresting  p a tte rn  (Fig. 4). O n  th e  
first occasion th ere  w as e levation  o f  h L H  on ly . W h e n  
she w as tested subsequently , d esp ite  fo u r pulses o f 
L H R H , th ere  w as no  rise in e ith e r  h L H  o r  h F S H .

Response to menolropins. W e h av e  d a ta  on  th e  th ree  
m arried  subjects to  w hom  m en o tro p in s w ere a d m in is ­
tered  on  a t  least tw o occasions. Cases 2 a n d  7 h av e  b e ­
com e p reg n an t. In  a ll th ree  subjects, m e n o tro p in s  a n d  
h C G  resu lted  in a n  increase in se ru m  es trad io l-1 7 ^  to 
levels o f betw een 150 an d  750 p g  p er m illilite r a n d  in 
p rogesterone o f 3.3 a n d  > 2 0  n g  p e r  m illiliter.

F ig u re  5 ind icates th e  changes in h o rm o n a l levels in 
C ase 7 d u rin g  th e rap y  w ith  m en o tro p in s . S erum  estra - 
diol-17/3 levels w ere 89 pg  per m illilite r on  th e  day o f  
h C G  ad m in is tra tio n . F u rth e r  e lev a tio n  w as n o ted  on 
the follow ing d a y  w hen a  second in jec tion  o f  hC G  w as 
g iven. T w en ty -fo u r hours la ter, levels decreased  p re ­
cip itously  an d  th en  rose to 151 pg  p e r  m illiliter.

O n  th e  sam e day , serum  p rogesterone  w as 3.3 ng  p e r 
m illilite r. T h re e  d ay s la te r  th e  p a tie n t h a d  m en s tru a l 
b leeding. T re a tm e n t w ith  m en o tro p in s d u r in g  th e  fo l­
low ing m o n th  was successful in  a llo w in g  h e r to becom e 
p reg n an t.

D i s c u s s i o n

T h e  syndrom e o f  isolated g o n a d o tro p in  deficiency is 
charac te rized  in fem ale subjects by  p r im a ry  a m e n o r­
rhea , low o r absen t .periphera l levels o f  h F S H , h L H  
a n d  estradiol-17/?, an d  no rm al h G H , A C T H  a n d  
T S H  secretion. B reast dev e lo p m en t is v a riab le , a l-
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Figure 5. Serum FSH, LH, Estradiol-17/3 and Progesterone Lev­
els in C ase 7 after hMG Pergonal Amps and hCG Therapy.

though  only  one p a tien t a ttr ib u te d  breast g row th  to 
previous estrogen therapy . O ne sub ject failed to show 
breast en largem en t despite intensive estrogen therapy . 
She was also the only  p a tien t in o u r series w ith  anos­
m ia. A  fam ily  h istory  o f  deficiency w as n o t o b ta in e d  in 
a n y  p a tien t, a lth o u g h  o th e r  fam ily  m em bers have 
o ften been affected in isolated g o n ad o tro p in  defi­
c ien cy .-3°°

W e have a ttem p ted  to define the  site o f  th e  lesion 
w ith in  the  h y p o th a lam ic-p itu ita ry  u n it  in o u r patien ts. 
T h e  follow ing possibilities were considered: a  p rim ary  
lesion o f  th e  g o nado trope  (such as failu re  o f  horm one 
synthesis); a n d  L H R H  deficiency (e.g., fa ilu re  of 
L H R H  synthesis o r  release o r  both).

O n  th e  basis o f  the  responses to L H R H , we could 
d istinguish  th ree  groups: G roup 1, hF S H  an d  h L H  re­
lease a f te r  L H R H : G roup 2, inco '- ":sten t release o f 
h L H  only  a fte r  L H R H ; an d  G roup  u, failure o f  release 
o f  hF S H  or h L H  afte r L H R H .

T hus, in all b u t one subject, the  gon ad o tro p e  was 
q u a lita tiv e ly  responsive to L H R H . T h e  lesion in 
G roups 1 an d  2 does no t a p p e a r to reside p rim arily  in 
the  p itu ita ry  b u t a t som e h igher level. In  these p atien ts 
c lom iphene c itra te  an d  con jugated  estrogens (w hich 
m ay efleet release o f L H R H ) d id no t influence go n ad o ­
trop in  levels. L H R H  effected release o f only one o f  the 
g o nado trop ins (h L H ) in G roup  2. T h is  ac tion  m ay  be a  
consequence o f  pro longed releasing ho rm one “ d ep ri­
v a tio n ” on the  p itu ita ry  cell, w hich could also accoun t 
for her inconsistent response afte r L H R H  w ith respect 
to L H . A lternatively , there  m ay be failu re  o f  release o f 
a  second F S H  releasing horm one from  the h y p o th a la ­
m us. T h e  one  p a tien t (G roup 3) w ho failed com pletely  
to respond to L H R H  m ay  have a  defect a t the  p itu i- 
ta ry  level, o r  failure to respond to L H R H  m ay  also be 
due  to secondary  p itu ita ry  changes consequen t upon 
chron ic  L H R H  d eprivation . W e have recently  de­
scribed a  p a tien t w ith isolated F S H  deficiency o f  p ro b ­

a b le  p itu ita ry  origin. T h e  h L H  levels were extrem ely  
h ig h ,2"' an d  free a -chain  (the com m on su b u n it o f  th e  
g lycopro tein  horm ones h F S H , hL H , T S H  an d  hC G ) 
w as presen t in serum  in  the  basal sta te  an d  a fte r  
L H R H  stim u la tio n . 26 I t  m ay be fru itfu l to search  for 
th e  presence o f  free a -ch a in  in the serum  in states o f  iso­
la te d  g o n ad o tro p in  deficiency.

W e have assessed th e  responsiveness o f  the  d o rm a n t 
ovaries o f th ree  o f  o u r pa tien ts to exogenous g o n ad o ­
trop ins. In  all, a  rise in es trad io l-17/8 a n d  in  progester­
o n e  levels was observed after m enotropins. T w o  p a ­
tien ts  a re  p reg n an t. B a rd in  et al. hav e  described a  
“ d o u b le  defect” in  isolated g onado trop in  deficiency , 27 

a n d  we have also seen one such m ale p a tien t. T h u s, a l­
th o u g h  we h av e  been alerted  to a  sim ilar s itu a tio n  
a m o n g  fem ale p a tien ts , we have as y e f  n o t observed 
su ch  a  defect.

W e are indebted to M rs. S. M azor, V. Pfeiffer, Mrs. Selecktar and  
M iss M arlene Ben-Itar for technical assistance, and to Dr. M . 
Gahwyler, of Ayerst International, Incorporated, for generous gifts 
o fL H -R H .
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HETEROGENEITY O F  G O N A D O T R O P IN  RESPONSE TO LHRH IN  H Y P O G O N A -  
DOTROPIC H Y PO G O N A D ISM

J .  BELL, I .  SPITZ, A .  S L O N IM , A .  PERLMAN, S .  S E G A L ,Z .  PALTI,AND D .  RABINOWITZ 

D epar tm ent o f  Chemical  Endocrinology, Hadassah U n ivers i ty  H osp ita l ,  Je rusa lem ,  I s r a e l .

ABSTRACT. A group o f  six hypogonadal  m ales  with low serum levels  o f  FSH and  LH, and  
o therwise normal p i tu i ta ry  func t ion ,  u nde rw en t  tests in which 100-300  ug o f  LHRH [L u te in ­
iz ing  Hormone Releasing Hormone] was in j e c te d  rap id ly  in t ra v e n o u s ly . All four possible 
combinations o f  serum LH and FSH responses w ere  o b se rv e d .  That is, fa i lu re  o f  FSH and 
LH to rise; a n  increase  in both FSH and  LH; and  an in crease  in FSH o n ly ,  or in LH o n l y .
The he te ro g en e i ty  o f  the LH and  FSH responses to LHRH ind ica tes  the  com plex i ty  o f  the 
e t io lo g y  o f  this group of  d isorders, whose c l in ic a l  expression is hypogonado trop ic  h y p o ­
gonadism .

INTRODUCTION 
LHRH has been shown to cause re lease  

o f  LH and o f  FSH in both adults  and in 
p repuber ta l  ch ildren  [1] .  The rap id  i n t r a ­
venous in jec t ion  o f  LHRH is a  p o te n t ia l ly  
useful test for eva lu a t io n  o f  the s i te  o f  the  
d e f e c t  in hypogonadal  patients  with low 
serum levels o f  LH and  o f  FSH . A bsence 
o f  a  gonadotropin  response to LHRH sug­
gests a  p i tu i ta ry  les ion ,  whereas a  rise in 
gonadotropins after.LHRH ind ica tes  tha t  
th e  gonadotrope is in tac t  and  points to the 
presence  o f  an  hypo tha lam ic  d e f e c t .  W e 
h a v e  found, h ow ever ,  tha t  both in male 
and  female hypogonadal  patients  with low 
serum gonadotrop ins ,  the LH and FSH r e s ­
ponses to LHRH a re  h e te ro g e n e o u s .

We repo r t  results o f  LHRH tests among 
six m ale subjects  w ith  hypogonadotropic  
hypogonadism in whom a ll  four possible 
combinations o f  LH and FSH responses 
o c c u r r e d .

MATERIAL A N D  METHODS
LHRH provoca t ive  t e s t .  After  a n  o v e r ­

n ig h t  fast , an  indwell ing  n e e d le  was i n ­
se rted  into a  b rach ia l  vein and  0 .9 %  
sa l in e  was infused s lo w ly . Blood samples 
were  taken  a t  approx im ate ly  15 minute 
intervals during the  hour prior to the i n ­
jec tion  o f  LHRH, and  over the two hours 
following the  i n j e c t io n .  LHRH [Ayerst] 
was in jec ted  rap id ly  in travenously  in a 
dosage  o f  100-300 ug . Serum FSH and LH 
w ere  measured by a  modif ica tion  o f  the

double  an t ibody  radioimmunoassay method 
of  O d e l l  e t  al [ 2 ,3 ] ,  using ^ ^ 1  lab e l led  
FSH a n d  LH, and  r a b b i t  an t i  hFSH and  
rab b i t  a n t i  h C G  an t i se ra  . G o a t  a n t i  r ab b i t  
IgG was used as th e  second a n t i b o d y .
Results w ere  expressed in m lU /n l  o f  2nd 
IR P -H M G . The FSH [LER 1366] and  LH 
[LER 960] used for l a b e l l in g ,  and  th e  r ab b i t  
an t i  hFSH an t ib o d y  w ere generously  supplied 
by the  N a t io n a l  P i tu i ta ry  A g e n c y ,  N IH ,  
USA. Rabbit  an t i  h C G  was generously  
supp l ied  by D r .  S .  Rosen..  The lower limit 
of  sens i t iv i ty  for both LH & FSH assays was 
3 m lU /n l  .

RESULTS
Six males with low or absen t  levels  of  

serum gonadotrop ins  underw ent  a  to ta l  o f  
ten LHRH p ro voca t ive  tests . All  p a t ien ts  
had b een  shown to  h ave  normal thyroid  and 
ad rena l  func t ion ,  and  normal growth h o r ­
mone responses to insulin h y pog lycem ia  .

Table I gives par t icu lars  o f  the pa t ien ts  
and a  summary o f  th e i r  FSH and LH responses 
to LHRH . All possible combinations o f  LH 
and FSH responses o ccu r red  af ter  LHRH .
Fig . 1 shows examples o f  e ach  type o f  r e s -  • 
ponse to LHRH . That is, a  d e f in i te  rise in 
both FSH and  LH [AP]; a  rise in FSH on ly  
[GL]; a  r ise  in LH on ly  [DS] and  no response 
in e i th e r  FSH and  LH [EB].

Patients  EB [tested tw ice ] ,  AP [tested 
twice] and  MS [tested 3 times] showed 
es sen t ia l ly  id en t ica l  q u a l i t a t iv e  responses 
with e a c h  test [Table 1] .
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D IS C U S S IO N
S c h a l ly  e t  a l  [4J b e l i e v e  t h a t  th e  s in g le  

horm one LHRH con tro ls  th e  r e l e a s e  o f  both 
FSH a n d  o f  LH from th e  p i tu i t a ry .  It rem a ins  
p o ss ib le ,  ho w ev er ,  t h a t  th e r e  a r e  o th e r  h o r ­
m ona l  fac to rs  a c t i n g  o n  th e  p i t u i t a r y ,  p e r ­
haps  in th e  r e g u la t i o n  o f  FSH r e l e a s e .  R e ­
g a rd le ss  o f  th is  con troversy ,  i t  is w e l l  e s t ­
a b l i s h e d  t h a t  th e  s y n t h e t i c  d e c a p e p t i d e  
LHRH e f fe c t s  r e l e a s e  o f  both  FSH a n d  LH in 
norm al  a d u l t s ,  m a le s  a n d  fem a les .  This has 
p ro v id e d  a n  im p o rtan t  too l  in th e  e v a l u a ­
t io n  o f  c l i n i c a l  syndrom es o f  h y pogonad ism  
a s s o c i a t e d  w i th  low c i r c u l a t i n g  levels  o f  
FSH an d  LH. In these  syndromes, th e  d e f e c t  
m a y  re s id e  a t  th e  p i t u i t a r y  lev e l ,  or m ay  be 
c o n s e q u e n t  upo n  a  d e f e c t  in th e  h y p o t h a l a ­
mus o r  a t  som e h ig h e r  l e v e l . Cos tom e t  a l [5 ]  
h a v e  show n t h a t  in most  p a t i e n t s  w i th  TSH 
d e f i c i e n c y ,  th e  t h y ro t ro p e  is i n t a c t  s in c e  
th e  e x h ib i t i o n  o f  T hyro trop in  R e leas ing  H o r ­
m o n e  [TRH] lead s  to  a  r ise  in serum TSH 
l e v e l s .

We h a v e  s im i la r ly  e v a l u a t e d  th e  response  
to LHRH o f  a  g ro u p  o f  p a t i e n t s  w i th  h y p o -  
g o n a d o t r o p ic  h y p o g o n a d i s m . The s t r ik ing  
f e a tu re  o f  th e  resu l ts  d i sp la y e d  in Tab le  1 
a n d  Fig . 1, is t h e i r  h e t e r o g e n e i t y .  There 
w as  no s ig n i f i c a n t  r ise  in serum FSH an d  
LH in p a t i e n t s  E8 a n d  M S; both  FSH a n d  LH 
w e re  in c r e a s e d  in AP; LH o n ly  rose  in CS 
a n d  DS; a n d  FSH o n l y  rose in G L .  E8 h a d  
a nosm ia  a n d  u n d e s c e n d e d  tes te s  an d  fa i l e d  
to r e sp o n d  to e x o g e n o u s  h C G  [Human C h o r ­
i o n i c  G o n a d o t r o p i n ] . H e  p ro b a b ly  rep re sen ts  
an  e x a m p le  o f  th e  " d o u b le  d e f e c t "  d e s c r ib e d  
by  Bardin e t  a l [6 ]  . DS h a d  a  c l i n i c a l  and  
t e s t i c u l a r  h i s to lo g i c  p i c tu r e  c o m p a t ib l e  w ith  
" fe r t i l e  e u n u c h  syndrom e."  AP, CS,MS a n d  
GL w e re  ty p i c a l  e x a m p le s  o f  h y p o g o n a d o -  
t ro p ic  h y p o g o n a d i s m . Even am ong these  
p a t i e n t s  t h e  responses  w e re  d isp a ra te ,  an d  i t  
seems p r o b a b le  th a t  w e  a r e  d e a l in g  w ith  d i s ­
o rders  o f  c o m p lex  b r io lo g y .  S im i la r  c o n c l u ­
sions h a v e  b e e n  r e a c h e d  by Lunenfe ld  e t  a l  
[ 7 ] .  T here  a r e  se v e ra l  r e se rv a t io n s  n eces sa ry ,  
h ow ever ,  in i n t e r p re t in g  the  re su l t s  o f  one  
p u lse  o f  LHRH . S c h a l l y  e t  a l  [8] h a v e  show n

t h a t  LHRH a lso  in c re a se s  n e t  sy n th e s is  o f  
g o n a d o t ro p in  by  p i t u i t a r y  g la n d ,  i n c u b a t e d  
in v i t r o .  T h e o re t i c a l ly ,  th e re fo re ,  th e  g o n -  
a d o t r o p e  u n s t im u la te d  by LHRH m a y  r e q u i r e  
co n s id e ra b le  " pr im ing"  w i t h  LHRH b e f o re  i t  
is c a p a b l e  o f  e f f e c t in g  r e l e a s e  . H e n c e  a  
n e g a t i v e  response  to o n e  p u lse  o f  LHRH m ay  
n o t  i n d i c a t e  w i th  c e r t a i n t y  t h a t  t h e  g o n a d o -  
tro p e  is c A c t i v e  .
A fu r ther  n o te  o f  c a u t io n  ar ises  b e c a u s e  o f  
u n c e r t a i n t y  w h e th e r  LHRH is th e  s o l e  g o n a ­
d o t ro p in  r e le a s in g  h o rm one .  If t h e r e  w e r e ,  
for e x a m p l e ,  a n  FSH R e le as ing  H o rm o n e ,  
th e re  m ay  be  a  r ise  in serum FSH a f t e r  e x ­
h ib i t i o n  o f  this m a te r ia l  a n d  n o t  a f t e r  LHRH. 
T h e o re t i c a l l y  t h e n ,  w e  c o u ld  err  in c a l l i n g
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Fig . 1. The LH a n d  FSH responses to  th e  
r a p id  I .V  . i n j e c t io n  o f  LHRH-in 4  *■ v p o -  
g o n a d a l  m a le s .  300  ug o f  LHRH wc. g iv e n  
a t  t im e  0 in a l l  c a ses  e x c e p t  DS w h o  r e ­
c e iv e d  200  ug . LH a n d  FSH v a lu e s  a r e  in 
mlU o f  2nd  I R P - H M G . A ll  v a lu e s  b e lo w  
3mID a r e  d e s ig n a te d  by a n  a r ro w  p o in t in g  
d o w n w a r d s .
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TABLE 1 . C l in i c a l  d e t a i l s  o f  s ix  p a f ie n l s  w i lh  hypogonad ism  a s s o c i a t e d  w ith  u n d e t e c t a b l e  
o r  subnorm al serum FSH a n d  LH l e v e l s .

L H R H T E S T
S p e c ia l  C l i n i c a l  M a x im a l  M a x im a l

H t .  W t .  Fea tu re s  a n d  Incre ase  o f  In c re ase  of
N a m e  Age c m .  k g .  T e s t ic u la r  Biopsy Dose FSH [m lU /n l ]  LH [m lU /n l ]

EB 3] 180 7 4 . 5  A nosmia :  B i la te ra l  lOOpg 0  2
u n d e s c e n d e d  tes tes .  300pg 0  0
Biopsy: I n fa n t i l e  
tes tis ;  no s igns o f  
Leydig  c e l l  d i f f e r ­
e n t i a t i o n  . N o  r e s ­
p o n se  to  e x o g e n o u s  
h C G .

MS 21 177 6 8 . 5 I n fa n t i l e  Testis;  no 
signs o f  d i f f e r e n t i a ­
tions o f  intersh 'f ial  
c e l l s .

100 pg  
20 0  pg
30 0  i:g

0
0

0

0
0

0

AP 19 170 58. In fa n t i l e  t e s f'is ;no  
signs o f  d i f f e r e n ­
tia t ion" o f  in te rs t i ­
t i a l  c e l l s .

100 pg 
300  pg

5
6

12
6

CS 23 164 5 8 N o  b i o p s y . Left  
te s t i s  u n d e s c e n d e d  
s u r g i c a l l y  b rough t  
in to  sc ro tum  .

300  pg 2 28

G L 1 6 .5 1 8 9 73 In fa n t i l e  tes tis ;  N o  
signs o f  d i f f e r e n t i a -  

■ t ion  o f  in te r s t i t i a l  
c e l l s .

300  pg 7 0

DS 18 184 1 0 3 .5  N o rm al  s i z e d  tu b u le s  2 0 0  jjg 0 19
w i th  goo d  e v id e n c e  
o f  a d v a n c in g  s p e rm a ­
to g e n e s i s  . Leydig  
c e l l s  n o t  p r e s e n t  in 
th e  ih te r s t i t iu m  .
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the  g o n ado trope  d e f e c t i v e  because  o f  a 
n e g a t iv e  response to LHRH, D esp i te  such 
re se rv a t io n s ,  the q u a l i t a t i v e  a g re e m e n t  b e ­
tw een  tests was impressive in the  3 p a t ien ts  
on whom w e m ade r e p e a t  s t u d i e s .
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Impaired Prolactin Response to Thyrotropin Releasing 
Hormone in Isolated Gonadotropin Deficiency and 
Exaggerated Response in Primary Testicular Failure*
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A B S T R A C T . Six m ales w ith  iso la ted  gonadotropin deficiency 
(group I) an d  6 w ith  prim ary  te sticu lar failure (group II) received 
LR H  (100 ftg) an d  T R H  (200 pg) 30 mtn la ter. T h e ir  responses 
were com pared  to  15 m ale controls. In  group I, b asa l LH , FSH , 
testosterone, an d  estradio l values w ere all less th a n  th e  controls 
(P  <  0.001). In  group II, basal gonadotropins w ere elevated  (LH, 
P  <  0.05; F S H , P  <  0.001), a lthough  testosterone  and  estradiol 
values w ere  sim ilar to th e  controls. T h e  peak  gonadotropin 
responses to  L R H  w ere im paired  in  group I  {P <  0.001) and 
exaggerated  in  group I I  IP  <  0.001). M ean (±sem) basal P P L  
levels in  g ro u p  I were ±  0.5 us. 11.0 ±  1.0 n g /m l in the 
controls (P  <  0.01). Levels in group II  w ere 14.3 ±  1.6 n g /m l and 
were n o t significantly  d ifferent from  controls. T h e  m ean  peak 
P R L  response  to  T R H  in contro ls was 35.8 ±  3.9 ng /m l. In  group 
I, th e  p ea k  w as 13.4 ±  1.5 n g /m l (P  <  0.001), and  i t  w as 77.4 ±  
9.0 n g /m l in group II (P  <  0.001).

Long te rm  tre a tm en t w ith  hCG  in th ree  sub jec ts  o f  group I

a n d  te sto ste rone  e n a n th a te  in  one add itional sub jec t w as asso ­
c ia ted  w ith  a  rise  in  basal te sto sterone , estrad io l, and  P R L  levels 
an d  res to ra tio n  o f P R L  response to  T R H . C essation o f  hCG  
tre a tm e n t in  tw o o f these  sub jec ts  was accom panied by  a  re tu rn  
to  th e  p re tre a tm e n t s ta te . T h e se  resu lts  suggest th a t  th e  im ­
p a ired  P R L  response in  iso lated  gonadotropin deficiency m ay 
n o t b e  an  in teg ra l com ponen t o f th e  syndrom e b u t, ra th e r , a 
consequence o f  th e  a lte red  s tero id  milieu.

A  d irec t co rre la tion  existed betw een th e  estradio l to  te sto s­
te ro n e  ra tio  and  th e  p ea k  P R L  response to  T R H  in g roup  II  and  
th e  contro ls. In  th e  sam e tw o groups, an  inverse co rrelation  also 
ex isted  betw een  b asa l te stosterone  and  peak  P R L  response to 
T R H . T h is  suggests th a t  th e  exaggerated P R L  response in 
p rim ary  te sticu la r failu re m ay  b e  re la ted  to  a  re la tive  inc rease  in 
es trad io l or reduction  in  testosterone. ( J  C lin  E n d o crin o l M etab  
4 8 : 941,1979)

TH E  R E L A T IO N S H IP  o f  h y p e rp ro la c tin e m ia  to  h y ­
p o g o n a d ism  is w ell k n o w n  (1). T h e re  is, h o w ev er, ■ 
relatively  l i t t le  l i te ra tu re  o n  th e  P R L  re sp o n se  to  d y ­

nam ic s t im u li in  su b je c ts  w ith  h y p o g o n ad ism  a n d  n o rm a l 
basal P R L  le v e ls . M o reo v e r, th e  r e p o r te d  d a ta  a re  co n ­
flicting. T h u s , in  th e  sy n d ro m e  o f  iso la te d  b ih o rm o n a l 
deficiency o f  L H  a n d  F S H , i.e. iso la te d  g o n a d o tro p in  
deficiency ( IG D ), b o th  in ta c t  a n d  a t te n u a te d  P R L  re ­
sponses to  T R H  h a v e  b e e n  d esc rib ed  (2 -4). A  c o n tro ­
versy also  e x is ts  a b o u t K lin e fe lte r’s sy n d ro m e , a s  b o th  
norm al (5) a n d  e x a g g e ra ted  P R L  re sp o n se s  to  T R H  h av e  
been r e p o r te d  (6 ).

In th is  p a p e r ,  w e h a v e  a ssessed  P R L  d y n a m ic s  in  tw o 
groups o f  p a t ie n ts .  O ne h a d  IG D  an d  th e  o th e r  p r im a ry  
tes ticu la r fa ilu re . O u r re su lts  show  th a t  in  IG D  p a tie n ts ,
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b a s a l  P R L  lev e ls  a re  low  a n d  th e r e  is  a n  a t te n u a te d  P R L  
r e sp o n s e  to  T R H . T h e se  a b n o rm a litie s  c a n  b e  c o r re c te d  
w ith  h C G  o r  te s to s te ro n e  (T ) tr e a tm e n t .  I n  c o n tra s t , 
p a t ie n ts  w ith  p r im a ry  te s tic u la r  fa ilu re  h a v e  e x a g g e ra te d  
P R L  re sp o n se s  to  T R H .

M a t e r i a l s  a n d  M e th o d s

Group I

T his group com prised six m en, aged 18-36 yr, who presented 
w ith  the  syndrom e of IGD. The. chief com plaint in these sub­
jec ts  was failure to  m ature sexually, absence of beard growth, 
and m inim al penile development. Subjects com plained of lack 
o f erections and nocturnal emissions. All subjects had small 
tes te s  and eunuchoid features. Anosmia was p resen t in one 
subject. T h ree  of the  subjects had  received previous trea tm en t 
w ith  T  enan thate  for various periods, Two of these trea ted  
sub jects had  subsequently developed mild gynecom astia. One 
of them  had  also received a course of hum an m enopausal 
gonadotropins (hMG; Pergonal) and hCG (7). N one of the  
sub jects had  received any trea tm en t for a t  least 6  m onths before 
testing. T he rem aining three subjects had not been given any 
previous horm onal therapy.
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Group I I

T h is  group com prised six subjects w ith prim ary testicular 
failure. F o u r of the  subjects, aged 29-38 yr, presented with 
severe oligosperm ia o f unknown etiology, w ith sperm  counts 
rang ing  from  2-10 m illion/cc. T esticular biopsy in two of these 
su b jec ts  show ed th a t  m o st of the  tubules were sclerosed and 
hyalinized, b u t Ley dig cells were intact. All four subjects had 
sm all a tro p h ic  testes b u t norm al secondary sex characteristics. 
T h ey  claim ed to have frequent erections and ejaculations. 
In tercourse  was repo rted  to be norm al. None of the  subjects 
had  received  any previous horm onal treatm ent. T h e  fifth sub­
jec t, aged  18 yr, p resen ted  with b ilateral cryptorchidism . On 
exam ination , the  scro tum  was developed b u t empty. T he penis 
was norm al, as were th e  secondary sex characteristics. Subse­
q u en t to  th e  evaluation, he underw ent orchipexy and two 
abdom inal testes w ere brought down into the  scrotum . T he 
six th  p a tien t, aged 20 yr, had m um ps orchitis a t  the  age of 14 
yr. B ecause  of failure o f developm ent of secondary sex charac­
teristics, he  received T  enan thate  in oil for 12 m onths a t  the 
age o f  18 yr. T his was stopped 7 m onths before the  present 
evaluation . On exam ination a t  the  tim e of testing he had an 
ab se n t r ig h t testis and  a  sm all left testis. His penis was normal 
in size and the  secondary  sex characteristics were normal. 
S em en analysis was n o t obtained in the  last two subjects. In  all 
of th e s e  six subjects, chrom osom al analysis showed the  normal 
m ale  p a tte rn .

G roup I I I

T h is  group com prised 15 norm al m ale controls, aged 18-45 
y r. P hysica l exam ination was norm al in all of these subjects.

E xp erim en ta l design

T h e  precise n atu re  of the  study was explained to each subject, 
w ho th e n  gave w ritten  consent. N one of th e  subjects was taking 
dru g s o r m edication a t  the tim e of the  study. T he test was 
com m enced  betw een 0800-0830 h, after an overnight fast. A 
need le  inserted in to  an  antecubital vein was kept p a ten t by the 
slow  adm in istration  of physiological saline. Two or more blood 
sam p les were draw n during a basal control period of 15-30 min 
an d  th en  the  tes t substances were given by rapid iv injection. 
All o f th e  subjects received LR H  (100 fig) a t  zero tim e and T R H  
(200 f ig )  a t  30 min. Blood sam ples were taken a t  frequent 
in te rv a ls  after each pulse.

T h re e  subjects from  group I were trea ted  w ith long term  
hC G  (5000IU im  twice weekly), and repeated T R H  testing was 
p erfo rm ed  after com m encing treatm ent. Subject 1 was treated  
w ith  hC G  for 12 m onths. T herapy  was in terrupted  for 4 weeks 
a f te r  10 m onths while the  patien t was in the arm y reserves. I t 
w as subsequently  re institu ted  and finally stopped after a further 
5 w eeks. T R H  was adm inistered before trea tm en t and 1 m onth 
before  stopping hCG.

S u b jec t 2 received hCG for 12 m onths with the  exception of 
tw o sh o rt periods. T R H  was given on three occasions: before 
tre a tm e n t, after 10 m onths of hCG adm inistration, and 2 
m o n th s  after stopping  treatm ent. In these two IGD subjects, 
se ria l bloods were taken  during the  course of hCG therapy for 
determ ination, of PR L , T , and 17/3-estradiol (Ej).

S ub ject 3 received hCG for 2 y r and the response to TRH 
was determ ined before th e  treatm ent, a t the end of the treat­
m ent schedule, and  th en  again 1  m onth after cessation of 
trea tm ent. A fourth  IGD subject was treated  with T  enanthate 
( 2 0 0  m g adm inistered im  every 2  weeks for 2  yr) and rechal­
lenged w ith T R H  a t  th e  end of this period. T R H  was given 48 
h  afte r T  injection.

M ethods

Serum  LH, FSH , PR L, T , and  Ez were determ ined by pre­
viously described m ethods (8 , 9). P itu itary  LH, FSH, and PRL 
as well as their respective an tisera  were kindly supplied by the 
N ational P itu ita ry  Agency, N IA M D D  (Bethesda, MD). The 
Second In ternational Reference P reparation for hM G  provided 
by th e  M edical R esearch Council w as used as the reference 
s tandard  for bo th  LH  and FSH . S tandard  for PR L  was also 
supplied by th e  Council.

T o  help avoid in terassay  variations, samples from subjects in 
all th ree  groups were included in each assay. W hen a single 
subject was given more th an  one dynamic test, all samples were 
m easured in the  sam e assay. In  those two IG D  subjects who 
sere followed serially over th e  course of 12 m onths, all PRL 
determ inations w ere perform ed in one assay. E 2 and T  were 
assayed in batches of 15 consecutive samples.

Results
B a s a l  le v e ls  (F ig . 1)

M e a n  ( ± s e m ) b a sa l F S H  a n d  L H  lev e ls  in  g roup III 
c o n tro l  su b je c ts  w ere  6.4 +  0.6 a n d  9.8 ±  0.8, m lU /m l, 
r e sp e c tiv e ly  (Fig. 1). M e a n  v a lu e s  w ere: T , 6.25 ±  0.54 
n g /m l;  E 2, 24.2 ±  1.8 p g /m l;  a n d  th e  E 2:T  ra tio , 0.0045 
±  0.0006. I n  g ro u p  I  (IG D ), m e a n  L H  w as 3.1 ±  0.2 m ill/ 
m l, F S H  w as 3.2 ±  0.2 m lU /m l, T  w as 1.13 ±  0.3 ng/ml, 
a n d  E 2  w as  9.5 ±  0.7 p g /m l. T h e se  v a lu e s  w ere all 
s ig n if ic a n tly  le ss  ( P  <  0.001) th a n  in  th e  co n tro ls . (Be­
c a u se  o f th e  v e ry  low  s te ro id  levels, no  E aiT  ra tio  was 
c a lc u la te d  in  g ro u p  I.) I n  g ro u p  I I  (p rim a ry  testicular 
fa ilu re ) , m e a n  b a s a l  L H  w as 33.3 ±  9.4 m lU /m l {P  <  0.05

LURH 1*H 'W W  tS«

'/MCmwl
F ig . 1. M ean  (±sem) response o f  LH  {left pane l), F S H  {m iddlepanel), 
an d  P R L  {right p a n e l)  in  th e  th ree  groups of sub jec ts . L R H  (LHRH), 
w as given a t  zero  tim e and  T R H  a t  30 min. G roup I ( • -  • - # ) ,  IGD; 
group II  ( • - - • ) ,  p rim ary  te sticu lar failure; group III (* —* ) ,  control 
sub jec ts . See te x t for details.
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us. con tro ls) a n d  m e a n  F S H  w as 35.3 ±  3.0 m lU /m l (P  
<  0.001). S e ru m  T  w a s  5.48 ±  1.19 n g /m l, E 2  w as 28.2 ±  
5.6 p g /m l, a n d  th e  E 2:T  ra t io  w as  0.0057 ±  0.001. T h e se  
values w ere  n o t  d if fe re n t  fro m  th e  co n tro ls . M e a n  b a sa l 
PR L  lev e ls  (w h ich  r e p re s e n t  a  m e a n  o f  tw o  to  four 
d e te rm in a tio n s  b e fo re  T R H  a d m in is tra tio n )  in  c o n tro l 
sub jec ts w ere  11.0 ±  1.0 n g /m l. I n  g ro u p  I  su b je c ts , m e a n  
basal P R L  lev e ls  w e re  7.2 ±  0.5 n g /m l (P  <  0.01 vs. 
controls). B a sa l v a lu e s  w ere  n o t  s ig n if ican tly  d if fe re n t in  
group I I , w h e re  m e a n  lev e ls  w e re  14.3 ±  1.6 n g /m l.

R esp o n se  to r e le a s in g  h o rm o n e s  (Fig. 1)

In  th e  co n tro ls , th e  m e a n  p e a k  L H  re sp o n se  to  L R H  
was 49.4 ±  3.4 m lU /m l  a n d  th is  o c c u rre d  a t  35 m in . T h e  
peak F S H  re sp o n se  o f  9.7 ±  0.9 m lU /m l w a s  e v id e n t a t  
50 m in  (Fig. 1). T h e  m a x im u m  L H  arid  F S H  re sp o n se s  to ' 
L R H  in  g roup  I  w e re  8 . 6  ±  5.4 a n d  4.3 ±  1.3 m lU /m l, 
respec tive ly  ( P  <  0 .001 vs. c o n tro ls ) . I n  g ro u p  II, th e  
peak L H  re sp o n se  w a s  202.9 ±  28.4 m lU /m l a n d  th e  F S H  
response w as 86.4 ±  13.4 m lU /m l  ( P  <  0.001 us. con tro ls). 
T h e  p e a k  P R L  re sp o n s e  to  T R H  in  th e  c o n tro ls  w as 35.8 
±  3.9 n g /m l, a n d  i t  o c c u rre d  20 m in  a f te r  T R H  a d m in is ­
tra tion . In  g ro u p  I, th e r e  w as a  m a rk e d ly  im p a ire d  P R L  
response to  T R H  a n d  th e  m a x im u m  re sp o n se  (13.4 ±  1.5 
n g /m l) o c c u rre d  20 m in  a f te r  T R H  ( P  <  0.001). G ro u p  II  
sub jec ts h a d  s ig n if ic a n tly  in c re a se d  P R L  re sp o n se s  to  
T R H  (P  <  0.001 vs. co n tro ls) , a n d  th e  m a x im u m  w as 77.4 
±  9.0 n g /m l, w h ic h  o c c u rre d  30 m in  a f te r  T R H .

c o n s id e re d  to g e th e r , th e  p e a k  P R L  re sp o n se  to  T R H  also  
c o r re la te d  w ith  th e  E 2:T  r a t io  (r =  0.50; P  <  0.05) a s  w ell 
a s  th e  p e a k  g o n a d o tro p in  re sp o n s e  to  L R H  (F S H , r  =  
0.66 a n d  P  <  0.01; L H , r  =  0.69 a n d  P  <  0.01).

h C G  o r  T  th e r a p y  to  IG D  su b je c ts  (F igs. 3  a n d  4)

F ig u re s  3 a n d  4 sh o w  th e  T , E 2, a n d  P R L  p ro file s  in  
tw o  IG D  s u b je c ts  w h o  re c e iv e d  lo n g  te rm  h C G  t r e a tm e n t .  
I n  th e  f irs t  IG D  p a t i e n t  (Fig. 3), w ith in  1 m o n th  o f 
co m m en c in g  h C G , T  h a d  in c re a se d  f ro m  1.4 to  4.3 n g /  
m l, E 2 f ro m  13 to  20 p g /m l ,  a n d  P R L  fro m  7.5 to  12 n g /  
m l. D u rin g  th e  co u rse  o f  h C G  tr e a tm e n t ,  T  lev e ls  (w ith  
o n e  e x cep tio n ) ra n g e d  f ro m  3 -9 .5  n g /m l, E 2 f ro m  17-42 
p g /m l, a n d  P R L  fro m  1 1-39  n g /m l. B o th  E 2 a n d  P R L  
lev e ls  w ere  h ig h e r  t h a n  in  c o n tro l su b je c ts . B a sa l P R L  
lev e ls , w h ich  h a d  b e e n  o v e r  2 0  n g /m l a f te r  1 0  m o n th s  o f 
t r e a tm e n t ,  g ra d u a lly  d e c re a s e d  to  b e lo w  1 0  n g /m l  o v e r 
th e  su c c e e d in g  4 m o n th s . D u r in g  th is  l a t t e r  p e r io d , h C G  
h a d  b e e n  s to p p e d  fo r  1  m o n th  a n d  w as th e n  r e in s t i tu te d . 
T h e re  w as a  p a ra lle l  p ro g re ss iv e  d ec lin e  in  Ea a n d  T  
levels . T h e  P R L  re sp o n s e  to  T R H  w as a ssessed  b e fo re  
t r e a tm e n t  (F ig . 3A) a n d  th e n  ju s t  b e fo re  s to p p in g  h C G  
(Fig. 3B ). In  t h e  f irs t  te s t ,  b a s a l  P R L  lev e ls  w ere  8.7 n g /  
m l a n d  in c re a se d  to  10.1 n g /m l  a f te r  T R H . C o rre sp o n d -

C orre la tio n s (F ig . 2)

T h e re  w as a  n e g a tiv e  c o r re la tio n  b e tw e e n  th e  in d iv id ­
ual p eak  P R L  re sp o n s e s  to  T R H  a n d  th e  b a s a l  T  levels 
w hen th e  co n tro ls  a n d  g ro u p  I I  (p rim a ry  te s tic u la r  fail­
ure) su b je c ts  w e re  c o n s id e re d  to g e th e r  (r =  —0.50; P  <
0.05) o r  w h en  th e  c o n tro l  s u b je c ts  w ere  c o n s id e re d  alone  
(r =  —0.62; P  <  0 .05). W h e n  th e  sa m e  tw o g ro u p s  w ere
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Flo. 2. Left panel, C o rre la tion  betw een individual basal T  (T E ST ) and 
peak P R L  response to  T R H  in p rim ary  testicu lar failure (group II; 85) 
and control sub jec ts  (group III; ®). R ig h t panel, C orrelation  between 
the E:T ratio  and  peak  P R L  response to  T R H  in the  sam e two groups. 
See text for details.
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F ig .  3. H istogram  rep resen ting  basal P R L , T  (T E S T ), and  E i levels 
during  hCG th e ra p y  in a single IG D  sub jec t. H, hCG  tre a tm en t. F or E 2, 
pools of consecutive serum  sam ples w ere frequen tly  m ade. In se t, P R L  
response to  T R H  before (A) an d  during  (B) hCG adm in istra tion .
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Fig. 4. H istogram  represen ting  basal P K L , T  (T E S T ), and  E 2 levels 
d u rin g  hC G  th e rap y  in  a second IGD sub jec t. H, hCG  tre a tm en t. For 
E i, poo ls of consecutive serum  sam ples w ere frequen tly  m ade. Inset, 
P R L  response to  T R H  before (A), during  (B), and  a f te r  (C) hCG 
adm in is tra tio n .

in g  le v e ls  in  th e  se c o n d  te s t  w e re  13 n g /m l (basal) a n d  
44.7  n g /m l  (p o s t-T R H ).

I n  th e  S e c o n d  IG D  su b je c t (F ig. 4), b a s a l  P R L  in  th e  
u n t r e a te d  s ta te  w a s  7 n g /m l, Ez w as 8  p g /m l, a n d  T  w as 
0 .5  n g /m l. H e  w a s  assessed  o n ly  a f te r  3 m o n th s  o f hC G  
th e r a p y .  B a sa l P R L  levels w ere  th e n  16 n g /m l, E 2 lev e ls  
w e re  23 p g /m l, a n d  T  levels w e re  4.0 n g /m l. D u rin g  th e  
c o u r s e  o fh C G  t r e a tm e n t ,  P R L  lev e ls  f lu c tu a te d  b e tw e e n  
1 2 -2 7  n g /m l, T  lev e ls  fro m  3 -1 1  n g /m l, a n d  E j levels 
f ro m  18-62 p g /m l. A s in  th e  p re v io u s  su b je c t, P R L  a n d  
Ez lev e ls  w ere  a g a in  h ig h e r  th a n  c o n tro ls . W ith in  2 w eeks 
a f t e r  s to p p in g  th e ra p y , th e re  w as a  ra p id  d ec re a se  in  
P R L  fro m  17.5 to  8  n g /m l  a n d  a s so c ia te d  d e c re a se s  in  T  
a n d  Ea. P R L  s te a d ily  fell to  2.5 n g /m l. T h e  P R L  re sp o n se  
to  T R H  w as a s se s se d  on  th re e  o ccas io n s  (m a rk e d  in  F ig . 
4 ). B e fo re  t r e a tm e n t  (Fig. 4A ), th e  p e a k  re sp o n se  to T R H  
w a s  19.5 n g /m l. D u r in g  hC G  (F ig . 4B ) i t  w as 44.6 n g /m l, 
a n d  a f te r  c e s sa tio n  (Fig. 4C), i t  w as 23.8 n g /m l.

In  th e  th ird  IG D  su b je c t, th e  p re -h C G  b a sa l P R L  level 
w a s  10 n g /m l a n d  th e  p e a k  re sp o n se  to  T R H  w a s 16 n g /  
m l. A f te r  2 y r  o f  h C G  th e ra p y , b a s a l  P R L  h a d  in c re a se d  
to  20 n g /m l a n d  th e  re sp o n se  to  T R H  w as 44 n g /m l. O ne 
m o n th  a f te r  c e s sa tio n  o f  hC G , b a sa l P R L  h a d  d e c re a se d

to  6 . 6  n g /m l a n d  th e  p e a k  P R L  re sp o n se  to  T R H  w as 22 
n g /m l.

In  th e  fo u r th  IG D  p a tie n t ,  T R H  w as re a d m in is te re d  2  

y r  a f te r  c o n tin u o u s  T  e n a n th a te  th e ra p y . B a sa l PR L  
lev e ls  in c re a se d  f ro m  8.2 to  15.0 n g /m l a n d  th e  p e a k  PR L 
re sp o n se  to  T R H  in c re a se d  f ro m  8.0 n g /m l  b e fo re  tre a t­
m e n t  to  69.8 n g /m l  a f te r  T  e n a n th a te .

D i s c u s s io n

O u r  re su lts  h a v e  sh o w n  t h a t  u n tr e a te d  m a le  IG D  sub ­
je c t s  (g roup  I) h a v e  s ig n if ican tly  d e c re a se d  b a sa l PR L  
lev e ls  a n d  a n  a t te n u a te d  P R L  re sp o n se  to  T R H . Long 
te r m  h C G  o r  T  t r e a tm e n t  w as a s so c ia te d  w ith  a  rise  in 
lev e ls  o f  Ez a n d  T  a s  w ell a s  in  b a sa l P R L  le v e ls  and  a 
r e s to r a t io n  o f  P R L  re sp o n s iv en ess  to  T R H . C onversely, 
c e s sa tio n  o f  h C G  t r e a tm e n t  w as  a c c o m p a n ie d  b y  a  rapid 
d e c re a s e  o f b a s a l  s e ru m  T , E 2, a n d  P R L  lev e ls  and  a 
r e d u c tio n  in  P R L  re sp o n se  to  T R H . I t  is  w ell k n o w n  th a t 
a d m in is t r a t io n  o f  exogen o u s e s tro g en s  in c re a se s  both 
b a s a l  P R L  le v e ls  a n d  th e  P R L  re sp o n se  to  provocative 
s t im u li  (10-12). H en ce , i t  is  lik e ly  t h a t  th e  e lev a tio n  in 
s e ru m  E 2 p ro d u c e d  b y  h C G  o r  T  t r e a tm e n t  a lo n e  nor­
m a liz e d  th e  P R L  re sp o n se  in  o u r  su b je c ts . I t  is  n o t  certain 
in  h u m a n s  i f  T  c a n  d ire c tly  in c rease  P R L  levels . H ow ­
ev e r, T  c a n  b e  a ro m a tiz e d  to  Es (13). T h is  s te ro id  effect 
a p p e a rs  to  b e  sh o rt- liv e d , a n d  c o n tin u o u s  th e ra p y  is 
r e q u ire d  to  m a in ta in  P R L  resp o n s iv en ess .

A n  im p a ire d  P R L  rise  a f te r  T R H  h a s  b e e n  reported  
p re v io u s ly  in  m a le  IG D  su b je c ts  b y  Y a m a ji  e t  al. (4). 
A lth o u g h  th e y  a lso  r e p o r te d  a n  im p ro v e m e n t in  PR L  
re sp o n s e  to  T R H  in  so m e o f  th e i r  IG D  s u b je c ts  w ho were 
o n  T  e n a n th a te  t r e a tm e n t,  th is  w as n o t  a lw a y s  evident. 
In  c o n tra s t, V  m rs e t a l. (3) h av e  n o te d  n o rm a l basal 
P R L  lev e ls  a n d  in ta c t  re sp o n se s  to  T R H  a n d  chlorpro- 
m az in e  in  IG D  p a t ie n ts  o n  lo n g  te rm  h C G  o r  T . W e have 
p re v io u sly  r e p o r te d  t h a t  th e  im p a ire d  P R L  re sp o n se  to 
c h lo rp ro m a z in e  in  u n tr e a te d  fem ale  IG D  p a t ie n ts  can  be 
im p ro v e d  a f te r  e th in y l E 2  a d m in is tra t io n  (8 , 14). Thus, 
th e  r e s to r a t io n  o f  P R L  re sp o n s iv e n e ss  in  b o th  female 
a n d  m a le  IG D  su b je c ts  su g g e sts  t h a t  th e  a l te ra t io n  in 
P R L  re sp o n se  in  IG D  m a y  n o t be  a n  in h e r e n t  com ponent 
o f  th e  sy n d ro m e  b u t, r a th e r ,  a  co n se q u e n c e  o f  th e  altered 
s te ro id  m ilieu .

A  d if fe re n t p ic tu re  em e rg e d  in  th e  six  p a t ie n ts  with 
p r im a ry  te s t ic u la r  fa ilu re . T h e ir  d e fe c t p red o m in an tly  
in v o b ’-d  th e  se m in ife ro u s  tu b u le s ; th is  w as  co n firm ed  on 
testicuitiT  b io p sy  in  tw o p a tie n ts . A ll h a d  n o rm a l second­
a ry  sex  c h a ra c te r is t ic s  w ith  in ta c t  lev e ls  o f T . Severe 
o lig o sp e rm ia  w as p re se n te d  in  fo u r su b je c ts .  A ll had 
e le v a te d  b a s a l  g o n a d o tro p in  lev e ls  a n d  e x a g g e ra te d  FSH  
a s  w ell a s  L H  re sp o n ses  to  L R H . P re su m a b ly , th e  high 
L H  se c re tio n  r a te  m a in ta in e d  th e ir  s e ru m  T . T h e se  sub ­
j e c t s  h a d  ex a g g e ra te d  P R L  re sp o n ses  to  T R H . Sim ilar 
r e su lts  h a v e  b e e n  re p o rte d  b y  so m e a u th o r s  in  p a tien ts
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with K lin e fe l te r ’s  sy n d ro m e  (6 ,1 5 ), a lth o u g h  th is  h a s  n o t 
been u n ifo rm ly  c o n firm e d  (5, 16, 17).

W h a t is  t h 9  m e c h a n ism  u n d e r ly in g  th e se  find in g s?  I t  
could b e  r e la te d  to  a n  a b so lu te  o r  r e la t iv e  in c rease  in  Eg. 
This h a s  b e e n  p o s tu la te d  to  o ccu r in  K lin e fe lte r 's  s y n ­
drom e (6 , 18, 19). I n  th e  p re s e n t  se rie s , th e re  w e re  no 
sign ifican t d iffe ren ces  in  b a sa l lev e ls  o f  Ea o r  th e  E%:T 
ratio in  t h e  c o n tro ls  a n d  su b je c ts  w ith  p r im a ry  te s tic u la r  
failure. T h e re  w as a lso  n o  c o rre la tio n  b e tw een  Eg levels 
and th e  P R L  re sp o n se  to  T R H , T h e re  w as, h o w e v e r, a  
co rre la tio n  b e tw e e n  th e  E 2:T  ra tio  a n d  th e  P R L  re sp o n se  
to T R H  in  th e  in d iv id u a l co n tro l a n d  p r im a ry  te s tic u la r  
failure p a t ie n ts .  T h is  su g g e sts  t h a t  th e  ex a g g e ra te d  P R L  
response m a y  b e  r e la te d  to  a  re la tiv e  in c rease  in  Eg.

S u b tle  a l te ra t io n s  in  T  d y n am ics  m a y  also  p lay  a  ro le  
in th e  e x a g g e ra te d  P R L  re sp o n se . A lth o u g h  th e r e  w ere  
no d if fe re n c e s  in  b a sa l lev e ls  o f T  in  th e  c o n tro ls  a n d  
p rim ary  te s tic u la r  fa ilu re  p a tie n ts , a  n e g a tiv e  c o rre la tio n  
did e x is t  b e tw e e n  b a sa l T  a n d  p e a k  P R L  re sp o n se  to 
T R H  in  th e  c o n tro ls , c o n s id e red  a lo n e  o r  to g e th e r  w ith  
the te s t ic u la r  fa ilu re  su b je c ts . H en ce , th e  e x a g g e ra ted  
PR L re sp o n se  m a y  b e  r e la te d  to  a  d e c re a se  in  T . A l­
though  th e  p re c ise  ro le  o f  P R L  in  te s tic u la r  p h y sio lo g y  
is u n k n o w n , r e c e n t  s tu d ie s  h av e  d e m o n s tra te d  a  c o r re ­
lation b e tw e e n  s e ru m  P R L  a n d  T  a t  n ig h t a n d  a f te r  
h a lo p e rid o l cktA  m e th y l-T R H  a d m in is tra tio n  (20-22). 
A m brosi e t al. (23) n o te d  t h a t  th e  T  re sp o n se  to  hC G  
was g r e a te r  d u r in g  su lp ir id e - in d u c e d  h y p e rp ro la c tin e m ia . 
All o f  th e s e  d a ta  su g g e s t t h a t  P R L  h a s  a  s tim u la to ry  
effect o n  T  se c re tio n . T h e  n eg a tiv e  c o rre la tio n  b e tw e e n  
PR L a n d  T , d e sc rib e d  ab o v e , a n d  th e  re d u c tio n  o f  th e  
ex ag g era ted  P R L  re sp o n se  to  T R H  in  K lin e fe lte r’s  sy n ­
drom e b y  exog en o u s T  (6 ) ra ise  th e  p o ss ib ility  o f th e  
ex istence  o f  a  n e g a tiv e  fee d b a c k  lo o p  b e tw een  T  an d  
PR L. T h e  c o rre la tio n  b e tw e e n  th e  p e a k  P R L  re sp o n se  
to T R H  a n d  p e a k  g o n a d o tro p in  re sp o n se s  to  L R H  in  th e  
te s tic u la r  fa ilu re  a n d  c o n tro l su b je c ts  Is also  c o m p a tib le  
w ith th e  ex is te n ce  o f a  feed b ack  loop  b e tw e e n  th e  te s tis  
and P R L .
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S U M M A R Y

P ro la c tin  secretion has been evaluated  in seven m ale a n d  six fem ale p a tien ts  w ith 
iso la ted  g o n ad o tro p h in  deficiency (IG D ). T he sub jects w ere challenged w ith  the 
dopam inerg ic  an tag o n is t, m etoclop ram ide (10 m g) a n d  T R H  (200 fig) before, 
d u rin g  an d  afte r cessation  o f  h o rm onal treatm ent. F iv e  fem ales received three 
consecutive 2 1 -day  courses o f  eth inyl oestradio l ( 0  1 m g  daily) a t  m on th ly  
in tervals an d  the rem ain ing  sub ject con jugated  o estrogens (P rem arin  0-625 m g 
daily) according to  a  sim ilar p io to co l. T rea tm en t o f  the m ales w ith  hC G  
(pregnyl) 5000 iu twice w eekly led to a  rise in oestrad io l an d  testo sterone  levels.
T w o  m ales were receiving pergonal (hum an  m en o p au sa l g o n ad o tro p h in ) in 
ad d itio n . In  the u n trea ted  s ta te  in bo th  m ales and  fem ales, basal oestrad io l and 
P R L  levels were decreased  as were the P R L  responses to  m etoc lo p ram id e  and  
T R H  as com pared  w ith  no rm al con tro ls. D u rin g  trea tm en t in b o th  groups, 
th e re  w as an  increase in basal P R L  levels as well as P R L  response to  th e  two 
stim uli, w hich becam e ind istingu ishab le  from  th e  con tro ls. C essa tion  o f  
trea tm en t w as associated  w ith  a  rap id  decrease in basa l P R L  levels an d  P R L  
e levation  follow ing m etoclop ram ide an d  T R H . In co n tra s t to  the  effect o fh C G , 
th e  adm in istra tion  o f  tw o n on-arom atizab le  an d ro g en s (m estero lone  and 
fluoxym esterone) h ad  no  effect on basal and  T R H -in d u ced  P R L  secre tion . The 
ad m in istra tio n  o f  clom iphene citra te  du ring  h C G  trea tm en t in one  m ale  IG D  
p a tie n t p roduced  a  decrease in the basal and  stim u la ted  P R L  response.

I t  is concluded th a t the  low  basal P R L  levels an d  im paired  P R L  responses to 
s tim u la tio n  are  n o t an in h eren t co m ponen t o f  the  syndrom e o f  IG D , b u t a 
consequence o f  the  ab n o rm al stero id  milieu.
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T h e  syndrom e o f  hypogo n ad o tro p h ic  hypogonad ism  o r iso lated  g o n ad o tro p h in  defi­
ciency (IG D ) is characterized  by decreased secre tion  o f  the  p itu ita ry  g o n ad o tro p h in s , LH  
an d  F S H . A s a  consequence, the  gonads are  u nstim u la ted  an d  c ircu la to ry  levels o f  sex 
ste ro id s are low  (R ab inow itz  & Spitz, 1975). T h e re  have been con trovers ia l repo rts o f  
p ro lac tin  (P R L ) secretion  in  this d isorder. Som e have observed n o rm al o r  even elevated 
basa l P R L  levels w ith in ta c t o r  im paired  P R L  responses to th y ro tro p h in  releasing 
ho rm o n e  (T R H ), as well as to  the dopam inerg ic  an tag o n is ts  ch lo rp ro m azin e  an d  
m etoclop ram ide (A ntak i et al., 1974; Pertzelan  e t al., 1977; Y am aji et al., 1977; W in ters et 
al., 1978; F em an d ez-L aza la  et al., 1979). O u r  g roup  h as rep o rted  im paired  P R L  
responses to  T R H , ch lo rp rom azine  (C PZ) a n d  m etoclopram ide (M E T ) in m ale IG D  
sub jects an d  an  im paired  response to C PZ  in fem ales (Sp itz  et al., 1978; 1979; 1981b).

S ’nce oestrogens have th e  capacity  to  enhance  P R L  secre tion  (Buckvnan &  Peake, 1973; 
C arlso n  et al., 1973; Y en e t al., 1974), it is conceivable th a t  th e  im p aired  P R L  secretion  
m ig h t n o t be an  inheren t co m p o n en t o f  the d isease process, b u t ra th e r  a  consequence of 
the low  c ircu la ting  sex steroids. Indeed, we hav e  a lready  show n th a t  trea tm en t o f  two 
m ale  IG D  subjects w ith h u m an  chorion ic  g o n ad o tro p h in  resto red  P R L  responsiveness to 
T R H  (S p itz e ta ! . ,  1979).

T h e  aim  o f  the  p resen t study w as to  evaluate  P R L  secre tion  before , d u rin g  an d  after 
cessation  o f  trea tm en t in  IG D  subjects. M ales received h u m an  ch o rio n ic  g o n ad o tro p h in  
(h C G ) and fem ales received ethinyl oestradio l. O u r  results have  show n th a t  the  low  basal 
P R L  levels an d  im paired  P R L  response to pharm aco log ica l s tim u la tio n  observed in the 
u n trea ted  s ta te  are  reversed follow ing e levation  o f  sex ste ro ids a f te r  h C G  o r eth inyl 
o estrad io l ad m in istra tio n . W ith  cessation o f  rep lacem ent therapy , th e  P R L  profile again  
reverts to  the  p re trea tm en t sta te .

M A T E R IA L S  A N D  M E T H O D S

P atien ts and treatm ent schedules
Seven m ales aged 18-37 years an d  six fem ales aged 18-28 years w ith  IG D  w ere selected 

fo r the  study. C linical de ta ils  and  results o f  h y p o th a lam ic -p itu ita ry  fu n c tio n  in som e o f  
these subjects in  the basal sta te  have been rep o rted  (R ab inow itz  & Spitz, 1975; S pitz e ra /., 
1978; 1979; 1981b). All th e  fem ales h ad  received previous cyclic rep lacem ent th erap y  w ith 
oestrogens. H ow ever, therapy  h ad  been sto p p ed  6  m o n th s p r io r  to the presen t 
investigation . F n r  the stu d y , five IG D  fem ales w ere trea ted  w ith e th iny l oestrad io l 0 05 
m g twice daily  to r  21 d ay s and  a fte r  sto p p in g  fo r  7 days, the  tre a tm e n t schedule was 
repeated  fo r an o th e r  tw o  cycles. T h e  rem ain ing  female w as given a  sim ilar regim e w ith 
con jugated  oestrogens (p rem arin ) 0-625 m g d a ily  instead o f  eth inyl oestrad io l.

O f  the m ale subjects, fo u r had never received trea tm en t an d  tw o w ere evaluated  w hilst 
o n  trea tm en t w ith hC G  (5000 iu twice w eekly) and  pergonal (h u m an  m enopausal 
go n ad o tro p h in s) one am p o u le  twice-weekly. A ccord ing  to the  m an u fac tu re r’s lite ra tu re  
(Is titu to  F arm acolog ico , Serono, R o m a and  Ik ap h a rm  L td , R a m a t G a n , Israel), each 
am p o u le  o f  pergonal co n ta in s 75 iu o f  h F S H  an d  75 iu o f  h L H . O ne h ad  received hC G , 
pergonal an d  tes to s terone  en an th a te  previously. H ow ever, therapy  h a d  been stopped  for 
6  m onths.

In  the p resen t study, all the  males were given h C G  (pregnyl) 5000 iu tw ice weekly. T w o 
m ales w ere also  trea ted  w ith  the no n -aro m atizab le  androgens, m este ro lone  (150 m g daily)
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a n d  one  w ith  fluoxym esterone (10 m g daily). A n o th e r  w as also  given clom iphene citra te  
(100 m g daily). T he d u ra tio n  o f  f  zatm ent is show n in Fig. 3.

Test procedures

A ll tests w ere perform ed  betw een 0800 an d  0830 h  a fte r  an  overn ig h t fast. A fter 
exp la in ing  the  full n a tu re  o f  the p roposed  stu d y  to  all subjects, they  gave w ritten  consent. 
A  needle inse rted  in to  an  an tecu b ita l vein w as k ep t p a te n t by the  slow  ad m in is tra tio n  o f  
0-9% saline. T w o to  th ree  b lo o d  sam ples were tak en  d u rin g  a  basal co n tro l p erio d  o f  15-20 
m in  an d  th en  10 m g m etoclop ram ide (M E T ) o r  200 pg  T R H  w ere given by  rap id  i.v. 
in jection . B lood  s; m ples w ere th en  taken  a t  frequen t tim e in tervals. T h e  tes t substances 
w ere adm in istered  on  sep ara te  occasions a t  in tervals o f  a t leas t 3 days in a  random  
fash ion . B o th  m ale an d  fem ale patien ts w ere challenged w ith  M E T  o r  T R H  in the 
u n trea ted  sta te , a fte r 2 -3  m o n th s o f  rep lacem ent th e rap y  a n d  th en  one  mo- a  after 
com pleting  the  cou rse  o f  trea tm en t.

M ethods

Serum  P R L , testo sterone  a n d  oestradio l were determ ined  by  p rev iously  described 
m eth o d s (Sp itz  et al., 1978; 1979; 1980; 1981b). T h e  P R L  an tise ru m  w as k ind ly  supplied 
by  the  N a tio n a l P itu ita ry  A gency, N a tio n a l In s titu te  o f  A rth ritis , M e tab o lism  and  
D igestive D iseases (N IA M D D ). P R L  sta n d ard  (75/504) was p rov ided  by  the  D iv ision  o f  
B iological S tan d a rd s  an d  C o n tro l, H olly  H ill, H am p stead , L o n d o n . T o  avo id  in terassay  
v a ria tio n , all sam ples o f  a  specific trea tm en t schedule in each  p a rticu la r  p a tie n t were 
m easured  in the sam e assay. T h e  results in the fem ale p a tien ts  w ere co m p ared  w ith  the 
response in fifteen fem ale co n tro ls  aged 18-26 years, w ho w ere tested  in  the  early  fo llicu lar 
phase  o f  the  m enstrual cycle. S im ilarly, the results o f  o u r  m ale p a tien ts  w ere com p ared  to 
th a t  o f  tw en ty -fou r no rm al m ales aged 20-40 years o f  age. T h e  in teg ra ted  secre tion  after 
T R H  ad m in istra tio n  in the  m ale patien ts w as calcu la ted  by  linear in terpo la tion .

Table 1. M ean + S D  oestradiol, testosterone and basal PR L levels in male and female IG D  
patients before, during and following treatm ent (values in a i r  Hjects are also shown)

17/? oestradiol (pg/ml) Testosterone (ng/ml) Prolactin (ng/ml)

Females
IG D  (pretreatm ent) 
IG D  (during treatm ent) 
IG D  (post-treatm ent) 
Controls

25-4 ± 8 -6 (1 4 )$ '
26-34 7*4 (14)$ a

105-8±30-9 (12)

Males
IG D  (pretreatm ent) 
IG D  (during treatm ent) 
IG D  (post-treatm ent) 
Controls

13-0 +  7-3 (6)Mt b 
61 4 +  42 7(30)1= 
il-8  +  "i-6(26)*at b 
22-) ± 6 -9  (27)

6-4+  2-8 (5 2 ) i“-b 
9-7+  4-8 (45)
4-8 ± 2-2  (1 9 ) | a-b 
9-8 ± 3-2  (44)

0-89 ± 0-25 (16)±3-b 
7-96±4-27 (1 7 )"  
0-90+0-45 (1 9 )f-b 
5-86 +  1-99 (28)

7-1 ±  1-7 (32)Ja’b 
13-8 ± 5 -1 (88)ta 
7-4+  2-4 (58)tut b 
9 -6± 4 -l (27)

N um ber in brackets refers to the num ber o f  samples measured.
*P<0-05; 0-005; ffcO -O O I.
a com pared with controls, 
b  com pared with level during treatm ent.
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S tatistical evaluation  w as perform ed  using  the  s tu d e n t’s pa ired  o r  un p a ired  t test as 
ap p ro p ria te . In  the m ale patien ts, results w ere a lso  analysed  using the  M ann-W hitney  test 
(Siegel, 1956).

R E S U L T S

Steroids (T a b le  1)
W hen com p ared  to con tro ls, basal oestrad io l levels w ere decreased  in u n trea ted  m ale 

an d  fem ale p a tien ts  an d  tes to s terone  levels w ere decreased  in th e  m ales. Since ethinyl 
oestrad io l d id  n o t com pete in o u r  R IA , no  changes in o es trad io l cou ld  be detected  du ring  
trea tm en t in  th e  fem ale patien ts. In  the  m ales, fo llow ing h C G  ad m in istra tio n , there w as a  
m arked  rise in  b o th  tes to s terone  an d  oes trad io l an d  values exceeded th a t  in the m ale 
con tro ls. W ith  the  cessation  o f  h C G , b o th  oes trad io l an d  tes to s terone  levels again  
decreased a n d  were ind istingu ishab le  from  the  p re tre a tm e n t values.
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Fig. 1. M ean+ S H M  PR L responses to  m etoclopram idc and T R H  in female IG D  subjects before
(O O), during ( • ------ ®) and 1 m onth after cessation o f  treatm ent (O O). Values for
controls ( «  e )  are also shown. The num ber in brackets refers to  the num ber o f  subjects
tested. f  < 0  001; f  < 0  01; «  /3<0*05 com pared with control subjects ( x )  o r IGD 
patients during treatm ent (e ) .
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Basal f  els (Table 1)
Basal P R L  levels in u n trea ted  m ale an d  fem ale IG D  subjects w ere significantly  less than  

the co rre sp o n d in g  co n tro ls. D u rin g  oestrogen trea tm en t, m ean  basal P R L  levels 
increased  in the fem ales to  values sim ilar to the co n tro ls  an d  significantly  g rea te r  than  
p re tre a tm e n t values. O ne m o n th  after cessation  o f  trea tm en t, basal P R L  levels again 
decreased .

In  th e  m ale IG D  subjects, trea tm en t with h C G  increased m e a n + S D  P R L  levels to 
13-8 +  5-1 ng/m l. T his w as grea ter th an  bo th  p re trea tm en t a n d  con tro l values and  
rep resen ts a  m ild degree o f  basal hyperp ro lac tinem ia . Levels decreased  rap id ly  fo llow ing 
cessa tion  o f  treatm ent.

Response to stim ulation (F igs I ,  2 and 3)
In  b o th  fem ale and  m ale con tro ls, the  peak  P R L  response to  M E T  w as g rea te r th a n  th a t 

to  T R H  (P  <  0-001). T Tntreated IG D  subjects had  significantly  im p aired  P R L  responses to 
b o th  M E T  an d  T R H  a t  all tim e in tervals afte r the  ad m in is tra tio n  o f  the  tes t substances 
(Figs 1 an d  2).

D u rin g  replacem ent therapy , there  w as an  increase in P R L  response  to  b o th  M E T  and  
T R H  as com pared  to  th e  p re trea tm en t test and  the  p eak  responses w ere n o t significantly  
d ifferen t fro m  the co n tro ls. O ne m o n th  a fte r  cessation  o f  trea tm en t, there w as a  reduction  
in P R L  responses to M E T  and  T R H  w hich w ere n o t significantly  d ifferent to  the
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Fig. 2. Mcan +  SEM PR L responses to (a) metoclopramide and (b) T R H  in male IG D  subjects
before (O o ) , during ( •  e )  and 1 m onth after cessation o f hC G  treatm ent ( o  o ).
Values for male controls ( • --------- » )  arc also shown. The number in brackets refers to  the
num ber o f subjects tested. £ , £  P < 0-001; * *  P < 0-01 ; £  P < 0-05  com pared with control 
subjects ( x )  o r IG D  patients during treatm ent ( • ) .



428 I. M . Sp itz et a i

40

30

2 0

10

o

C ase no.I

Month ZK m  Z tX E  I H HI EZ I  H  m m X I K  Z  
Year 1976 1978 1979 1980

4 5 i  Case no. 2

izvtzw/W

Month m I B r n c x  n r a  I  e  h  n  3 :3 1  b h s e e  2 2 1 2 1 1  ni 
Year 1975 1978 1979 (980

Month E X  3 1  I  
Year 1978

1 12 I  21 SK3ZEIX X  3 I 2 E I Z S  H S H S E K X  21 
1979 19 80

Fig. 3. The peak PR L response to TR H  in male IG D  case nos 1 ,2  and 3. Patients were tested at 
various intervals in relation to hCG (B) therapy. Case no. 1 also received m esterolone (D) and 
fluoxymesterone (B) and patient no. 2 mesterolone. Patient no. 3 was on pergonal (hM G  ■) for 
the whole period and also received a course o f  clomiphene citrate (CC a ) . See text for details.

p re tre a tm e n t values, b u t less th an  the co n tro ls  o r  du ring  trea tm en t. T h is  o ccu rred  in bo th  
m ale and  fem ale p atien ts (F igs 1 and  2).

In  th ree  m ale  IG D  subjects, the P R L  response to  T R H  decreased  progressively  
fo llow ing cessa tion  o fh C G  until it reached p re trea tm en t levels (Fig. 3 ) .T ’ ,e re in stitu tion  
o f  h C G  again  led to  an  increase in P R L  response in all three subjects (F ig . 3). In  one 
sub ject w ho received pergonal in ad d itio n  to hC G , th e  peak an d  in teg ra ted  P R L  
responses decreased  with cessation o f  h C G  desp ite  co n tin u a tio n  o f  perg o n a l (F ig . 3). in  
the sam e sub ject, the adm in istra tio n  o f  c lom iphene c itra te  during  h C G  an d  pergonal 
trea tm en t led to  a  decrease in bo th  basal ( / , < 0 '0 5 )  as well as peak  (P <  0-005) and  
in teg ra ted  (P  <  0-005) P R L  secretion follow ing T R H  as com pared  w ith h C G  alo n e  (Fig. 
3). F o llow ing  clom iphene w ithdraw al an d  w ith co n tin u a tio n  o f  h C G , basal and 
stim u la ted  P R L  responses again  increased (Fig. 3). T h e  ad m in istra tio n  o f  m este ro lone  
an d  fluoxym esterone p rod u ced  no increase in basal an d  stim ula ted  P R L  levels follow ing 
T R H  as co m p ared  with the  n o n -trea ted  periods. In ad d itio n , in b o th  cases, basal PR.L
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levels, as well as peak  and in tegra ted  responses a fte r  T R H , were less d u rin g  m estero lone 
(P < 0 -0 5 )  than  d u rin g  hC G  trea tm en t (Fig. 3).

D IS C U S S IO N

T hese results have extended o u r previous o b servations th a t u n trea ted  m ale  an d  female 
IG D  subjects have low  basal P R L  levels w ith im paired  responses to  T R H  as well as to  the 
d opam inerg ic  an tag o n is t, M E T  (Spitz et a!., 1979; 1981b). In  general, o u r  findings are  in 
ag reem en t w ith o u r  repo rts a lth o u g h  som e have observed basal h y p erp ro lac tinem ia  an d  
n o rm al P R L  responses in IG D  (A n tak i et a l ,  1974; Pertzelan  e t ah, 1977; Y am aji e t al., 
1977; W in ters et al., 1978; F ernandez-L aza la  et al., 1979). T he reason  fo r these differences 
is unk n o w n , b u t m ay be related  to previous th e rap y  o f  m o re  com plex h y p o th a lam ic -  
p itu ita ry  d isorders. O u r g ro u p  previously  rep o rted  a  d issociation  o f  P R L  responsiveness 
in fem ale IG D  subjects characterized  by norm al P R L  elevation  fo llow ing T R H  an d  an 
im paired  response to  ch lo rp rom azine  (Spitz e t al., 1978). T h e  ex p lan a tio n  fo r the 
d isc repancy  w ith the presen t d a ta  is related  to the fac t th a t the  P R L  responses to  T R H  in 
o u r p resen t fem ale con tro l subjects w ere twice as h igh  as in o u r prev ious fem ale con tro ls. 
In  b o th  studies, un trea ted  IG D  subjects had  sim ilar P R L  responses.

T h e  no rm aliza tio n  o f  b o th  basal P R L  levels an d  responses to  s tim u la tion  du ring  
oestrogen  th erap y  in fem ale IG D  subjects is exp lained  by the  ability  o f  oestrogens to 
stim u la te  P R L  secre tion  (B uckm an & Peake, 1973; C arlson  «  a/., 1973; Y en  e ta l.,  1974). 
T here  have been few repo rts on  the  effect o f  oestrogens on  P R L  responsiveness in fem ale 
IG D  subjects (Pertzelan  e t al., 1977; F ernand ez-L aza la  et al., 1979). O ne stu d y  repo rted  
increased  basal P R L  levels, b u t no  increased response  to M E T  (F ern an d ez-L aza la  et al., 
1979). In a  second study , basal P R L  levels w ere unchan g ed  follow ing trea tm en t a lthough  
the  response to  T R H  w as increased (Pertzelan et al., 1977).

T h e  ad m in istra tio n  o f  h C G  to  o u r  m ale IG D  subjects increased  c ircu la ting  levels o f  
b o th  testo sterone  an d  oestrad io l. I t is well know n th a t  hC G  induces o estrad io l as well as 
tes to s terone  secre tion  from  the  testes (K elch et al., 1972; W einstein et al., 1974). A lthough  
the  stim u la to ry  effect o f  oestrogens on  P R L  secre tion  in the h u m an  an d  r a t  is well know n, 
the effect o f  testo sterone  is n o t as d ram atic  a n d  it has been rep o rted  to  be a  w eaker 
stim u lan t o f  P R L  secretion (K alra  et al., 1973; Shin  et al., 1974; Z y lb e r-H aran  e t al., 
1981). T here  is also  con troversy  ab o u t the m ode o f  ac tion  o f  tes to s terone  w hich  m ay act 
d irectly  o r  alternatively  v ia a ro m atiza tio n  to oestrad io l o r red u c tio n  to d ihydro te sto ste r­
one  (N olin  et al., 1977). T he adm in istra tion  o f  the n o n -aro m atizab le  androgens, 
m este ro lone  an d  fiuoxym estero-'e, in two m ale IG D  subjects, d id  n o t have  any  effect on 
the  P R L  response to T R H  an d  P R L  levels were less th a n  du ring  h C G  trea tm en t. I t  w ould 
th u s ap p ea r th a t  the elevation o f  oestradio l is the  m ain  fac to r  in  resto rin g  P R L  
responsiveness. F u rth e r  evidence th a t this is an oestrogen-re la ted  p h enom enon , is o u r 
ob se rv a tio n  th a t  this increased P R L  response w as reduced on  ad m in istra tio n  o f  the 
oestrogen  an tag o n is t, c lom iphene c itra te  du ring  h C G  therapy  in  one  IG D  subject. W e 
have previously  described a  sim ilar phenom enon  in p rim ary  testicu lar failure w ith 
redu c tio n  o f  the exaggerated  P R L  response to T R H  an d  M E T  fo llow ing adm in istra tio n  
o f  c lom iphene c itra te  (Spitz et al., 1981a). In c o n tra s t to h C G , pergonal h ad  no effect on 
th e  im paired  P R L  response.

It shou ld  be em phasized th a t the doses o f  eth inyl oestrad io l used in the  fem ales were 
supraphysio log ical; fu rtherm ore , the  oestradio l an d  tes to s terone  levels achieved in the



430 I. M . Spitz el al.

m ales follow ing hC G  were g rea te r th an  in the  con tro ls. T h e  im proved  P R L  responses thus 
occurred  w ith pharm acolog ica l dose schedules. T his m ay  a c co u n t fo r th e  occurrence o f  
b asa l h yperp ro lac tinem ia  in th e  m ale patien ts d u rin g  h C G  a d m in istra tio n . These patien ts 
a re  cu rren tly  being  investigated  o n  m ore physiological rep lacem en t regim ens.

A lthough  the  precise tim e requ ired  to  resto re  P R L  responsiveness to  T R H  has n o t been 
characterized , it  w as no ted  w ith in  1 m o n th  o f  com m encing  h C G  therapy . In  con trad is­
tinction  to o u r  observations, Y am aji e t al. (1977) d id n o t n o te  a n  im provem en t in P R L  
response to  T R H  in  ail their IG D  subjects follow ing te s to s te ro n e  e n an th a te  treatm ent. 
W in ters et al. (1978), in  c o n tra s t, repo rted  norm al P R L  d ynam ics in IG D  patien ts on 
long-term  h C G  o r  testosterone. H ow ever, in a  recen t s tu d y  it  w as rep o rted  th a t un trea ted  
IG D  subjects h ad  a  reduced P R L  response to C P Z  co m p ared  w ith  a  treated  g roup  
(W inters et al., 1980).

In  b o th  th e  m ale  and  fem ale IG D  subjects, cessation  o f  tre a tm e n t w as associated  with a  
rap id  decline in basal P R L  levels an d  decreased P R L  responses to  M E T  an d  T R H . Serial 
studies show ed th a t  basal P R L  levels and  responsiveness to  T R H  w ere a lready  decreased 
4 w eeks a fte r  cessation  o f  therapy . This sequence o f  events ind ica tes th a t the lac tro tophe 
requ ires co n s tan t stero id  p rim ing  to m ain ta in  no rm al responsiveness. In  co n trast, elderly 
m ales w ith p ro s ta tic  carc in o m a w ho have underg o n e  b ila te ra l o rch idectom y  an d  have low 
ste ro id  levels, hav e  no rm al P R L  responses to  T R H  (Le R o ith  et al., 1981). I t shou ld  be 
n o ted  th a t T R H  is a  p o te n t stim ulus fo r P R L  release in th e  n o rm al p repuberta l child 
(F o ley  e t al., 1972) and  in co nstitu tional delayed p u b e rty , the  P R L  response to  
ch lo rp rom azine  is norm al (W inters e t a l ,  1980). T h u s n o rm a l P R L  responsiveness 
characterizes delayed p u b e rty  in co n tra s t to un trea ted  IG D . T h is m ay  prove a  useful 
m e th o d  to  d istingu ish  betw een the tw o conditions. E ven basal g o n ad o tro p h in s and  
responses to  L H R H  do  n o t offer a  c lear cu t d istinc tion  betw een the  tw o groups (K elch et 
al., 1980).

In  conclusion , it is ev iden t th a t  IG D  is characterized  b y  low  basal P R L  levels and  
im paired  responses to  stim u la tio n  w ith T R H , as well as to  th e  d opam inerg ic  an tag o n is t, 
M E T . T h is is a  d irec t consequence o f  the  oestrogen  deficiency an d  responsiveness can  be 
resto red  by increasing  c ircu la to ry  oestrogens. H ow ever, trea tm en t m ust be con tinued to 
m ain ta in  a  n o rm al P R L  profile and  its cessation is associa ted  w ith  a  rap id  reduction o f  
b o th  basal P R L  levels an d  P R L  responses to s tim ulation .
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The Thyrotropin (TSH) Profile in Isolated Gonadotropin 
Deficiency: A Model to Evaluate the Effect of Sex 
Steroids on TSH Secretion*
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A B S T R A C T . T h is  s tudy  eva luated  th e  effect o f  estrogens and  
androgens on T S H  secretion  in  hypogonadal m ale an d  fem ale 
p a t ie n ts  w ith iso la ted  gonadotropin  deficiency (IG D). T h e  IG D  
sub jec ts  were clinically  eu thyroid  a n d  h ad  norm al circu lating  
levels o f thy ro id  horm ones an d  T t-b in d in g  globulin  (TB G ). T h e  
p a t ie n ts  were challenged w ith  T R H  (200 pg) in  the  u n tre a ted  
s ta te , du ring  tre a tm en t, and  1 m o n th  a fte r  cessation  o f  horm onal 
rep lacem en t the rapy . F o r th e  s tudy , five fem ales w ere tre a ted  
w ith  e th iny l es trad io l (0.05 m g tw ice daily) for 21 days; a fter 
s topp ing  for 7 days, th e  tre a tm e n t schedule w as repea ted  for 
a n o th e r  tw o cycles. T h e  rem ain ing  fem ale w as given a  sim ilar 
reg im en w ith  conjugated  estrogens (0.625 m g daily). F ive m ales 
w ere tre a te d  w ith  hC G  (5000IU  tw ice weekly) fo r 3 m onths; tw o 
w ere tre a ted  w ith  hC G  an d  Pergonal. T h e  fem ale p a tien ts  h ad  
sign ifican tly  decreased  basal T S H  levels as  well as  im paired  
T S H  responses to  T R H . A fter 3 m o n th s  o f  e th in y l estradio l 
tre a tm e n t, th e re  w as a  rise  in T B G , to ta l serum  T 4 an d  T 3 levels 
a n d  a  decrease in  T 3 resin  up take; th e  free T< index  w as u n ­
changed. D uring  estrogen  ad m in is tra tion , th e re  w as no change 
In basal T S H , b u t th e re  was a n  inc rease in  th e  peak  T S H  
response to  T R H , w hich  becam e iden tica l to  th a t  of th e  contro ls.

C essation  o f estrogen  w as associa ted  w ith  a  reduction  in  releas- 
able T S H , an d  th e  profile reverted  to  th e  p re trea tm en t s ta te . In  
addition , serum  T B G  levels, w ith  th e  associa ted  changes in  
thy ro id  horm ones, also re tu rn ed  to  norm al.

T h e  m ale p a tie n ts  h ad  T S H  responses to  T R H  iden tical to  
those  o f th e  m ale contro ls. A fter 3 m o n th s  o f hCG  tre a tm en t, 
th e re  was a  m arked  n s e  in serum  estrad io l as  well as te s to s te r­
one. Serum  T , w as reduced w ith o u t a  change in  T 3, T 3 resin  
up take, o r T B G . F u rtherm ore , th e re  w as no a lte ra tio n  in  the  
T S H  response to  T R H . O n th e  o th e r hand , th e  ad m in is tra tion  
o f  e th iny l e s trad io l (0.1 mg daily  fo r 2 w eeks) to  tw o m ale IGD 
subjects produced  an  increase in  T B G . T h is  was associa ted  w ith  
elevation  o f serum  T 4 an d  T 3 levels an d  reduction  o f T 3 resin  
u p take . D uring  estrad io l ad m in is tra tion , th e re  w as an  increase 
in  th e  T S H  response to  T R H .

T hese  d a ta  a re  com patible w ith  th e  hypo thesis  th a t  estrogens 
a re  required  to  m a in ta in  a  norm al T S H  response to  T R H  in  th e  
fem ale. H ow ever, te sto ste rone  m ay cou n te rac t th e  effec t o f  es­
trad io l, w hich m ay  explain  w hy norm al m ales te n d  to  have a 
lower T S H  response to  T R H  th a n  fem ales. ( J  Clin Endocrinol 
M etab  5 7 :  415,1983)

BO T H  a n d ro g e n s  a n d  e s tro g e n s  h a v e  b e e n  re p o r te d  
t o  in f lu e n c e  th e  T S H  re sp o n s e  to  T R H , a lth o u g h  

th e r e  is n o  u n ifo rm  co n c e n su s  o n  th e i r  e ffe c ts  (1 -7 ). 
S o m e h a v e  re p o r te d  t h a t  e s tro g e n s  e n h a n c e  T S H  re s p o n ­
s iv e n e ss  (1 ), w h e re a s  o th e r s  h a v e  fa ile d  to  d o c u m e n t a n y  
e f fe c t (2 -4 ) . A n d ro g e n  a d m in is t r a t io n  h a s  a lso  b e e n  a s ­
s o c ia te d  w ith  in c re a se d  (5), d e c re a se d  (6 ), o r  u n a lte re d  
(7) T S H  re sp o n se s  to  T R H . In  v iew  o f  t h e  c o n f lic tin g  
d a ta , w e h a v e  a s se s se d  T S H  se c re tio n  in  h y p o g o n ad a l 
m a le  a n d  fem ale  su b je c ts  a n d  m o n ito re d  th e i r  T S H  r e ­
sp o n se s  to  T R H  d u r in g  re p la c e m e n t th e ra p y . A s a  m odel, 
w e h a v e  se le c te d  p a t ie n ts  w ith  h y p o g o n a d o tro p ic  h y p o ­
g o n a d ism  o r  iso la te d  g o n a d o tro p in  d e fic ien cy  (IG D ) w ho 
w ere  d e f ic ie n t  in  L H  a n d  F S H  a n d  h a d  low  c irc u la tin g
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levels o f  se x  s te ro id s  (8 -1 0 ). T h y ro id  h o rm o n e  levels 
h a v e  b e e n  r e p o r te d  to  b e  n o rm a l in  p a t ie n ts  w ith  IG D  
(8 -1 0 ), a n d  G H  a n d  A C T H  re se rv e s  a rc  in ta c t  (8 , 1 0 ). 
B a sa l P R L  lev e ls  a re  low , a n d  th e r e  is a n  im p a ire d  P R L  
re sp o n se  a f te r  s t im u la tio n  w ith  T R H  a n d  th e  d o p am i- 
n e ? ' a g o n is t m e to c lo p ra m id e  ( 1 1 , 1 2 ).

'e s u l ts  sh o w  th a t  fem a le  p a t ie n ts  h a v e  a n  im p a ire d  
T S H  re sp o n se  to  T R H . T h is  w as c o r re c te d  b y  e th in y l  
e s tra d ia l  a d m in is tr a t io n . M a le  p a t ie n ts ,  in  c o n tr a s t ,  h a d  
n o rm a l T S H  re sp o n se s  w h ic h  w ere  n o t  in f lu e n c e d  b y  
h C G  b u t  w ere  in c re a se d  d u r in g  e th in y l  e s tra d io l  a d m in ­
is tra t io n .

M aterials and Methods

T est procedures

T he T R H  tes ts  were perform eu between 0800-0830 h  after 
an  overnight fast. A fter explaining th e  full n a tu re  of the  p ro ­
posed study to  all subjects, they  gave w ritten  consent. A needle 
inserted in to  a  antecubital vein was kept p a ten t by th e  slow

415



416 COMMENTS JCE & M • 1983 
Vol 57* No 2

adm in istration  o f physiological saline. Two or three blood 
sam ples were tak en  during a basal control period o f 15-20 min, 
an d  th en  200 fig T R H  were given by rapid iv injection. Blood 
sam ples were tak en  10, 20, 30, 40, and, on occasion, 60 m ins 
afte r T R H  adm inistration . W ith  th e  exception of two males, 
th e  p a tien ts  were challenged with T R H  in  th e  un trea ted  sta te , 
a fte r 3 mon ths o f replacem ent therapy  w ith estrogens (females) 
or hC G  (males), an d  th en  1  m onth after com pleting the  course 
of trea tm en t. Tw o m ales were also tested  while receiving eth inyl 
estradiol.

Patienta and trea tm ent schedules

Six female patien ts, aged 18-28 yr, and  seven males, aged 
18-36 yr, were selected for the  study. All subjects were clinically 
and  biochem ically euthyroid. N one had thyromegaly, and  all 
had  a  norm al thyro id  m I  uptake an d  thyro id  scan.

T he female p a tien ts  had  prim ary  am enorrhea, and  all had  
responded to estrogen therapy w ith  withdrawal bleeding. All 
had  no ted  developm ent of axillary an d  pubic hair before in iti­
a tion  o f  trea tm en t, b u t b reast developm ent was poor. W ith  one 
exception, all had  eunuchoid body proportions. T heir m ean ±  
3D basal L H  level was 4.1 ±  1.3 m lU /m l, and  th e  m ean ±  s d  
F S H  level was 3.5 ±  0.8 m lU /m l. T h e  female patien ts had  
received previous cyclic replacem ent therapy w ith estrogens. 
However, therapy  h ad  been stopped 6  m onths before th e  p res­
en t investigation. F o r th e  study, five IGD females were treated  
w ith eth iny l estradiol (0.05 mg twice daily) for 21 days; a fter 
stopping for 7 days, th e  trea tm en t schedule was repeated for 
ano ther two cycles. T h e  rem aining female took conjugated 
estrogens (Prem arin; 0.625 mg daily) instead  of ethinyl estra- 
fttol. T h e  females were challenged w ith T R H  before, a fter 3 
m onths of estrogen therapy, and  th en  again 1  m onth after 
cessation o f trea tm ent.

T h e  ch ief com plain t in  th e  male IGD subjects was failure to 
m ature sexually, absence o f beard growth, and  m inim al penile 
developm ent with sm all testes. Five had  eunuchoid body p ro ­
portions. Anosmia was p resen t in one subject. T heir m ean ±  
SD basal L H  level was 2.8 ±  0.8 m lU /m l, and the ir m ean FSH  
level was 3.2 +  0.4 m lU /m l. Four o f the  m ale patien ts had 
never been treated . O ne patien t had  received hCG, Pergonal, 
and testosterone en an th a te  previously. However, therapy had 
been stopped  for 6  m onths.

F or th e  p resen t study, all males were given hCG (Pregnyl; 
5000 IU  twice weekly). Five of the males were challenged with 
T R H  in  th e  basal sta te , after 3 m onths o f hCG therapy, and 
then 1 m on th  after com pletion of the  course. T he rem aining 
two m ales were tested  initially after 6  and  1 2  m onths o f hCG 
and Pergonal therapy  and  then 1 m onth  after its  cessation. 
T hey received hCG  (5000 IU  twice weekly) and Pergonal (hu­
m an m enopausai gonadotropins; one ampoule twice weekly). 
According to  th e  m anufacturer’s litera tu re  (Istituto Farm acol- 
ogico, Serono, Rome, an d  Ikapharm  L td., R am at Gan, Israel), 
each am poule of Pergonal contains 75 IU  hum an F S H  and 76 
IU  hum an  L H . Two m ales were also given a  2-week course of 
ethinyl estrad io l (0 . 1  m g daily). P a tien t 1  was evaluated in th e  
basal s ta te , on the  la s t day of ethinyl estradiol treatm ent, and 
1  m onth  afte r its  cessation. P atien t 2  was tested while on hCG 
and th en  a fte r  2 weeks o f combined hCG an d  ethinyl estradiol

trea tm en t (Fig. 1).
T he results in  th e  female patien ts were com pared to  the 

responses in 14 female controls, aged 18-26 yr, tes ted  in  the 
early follicular phase o f the  m enstrual cycle. Sim ilarly, the 
results o f our m ale p atien ts were com pared to those o f 26 
norm al males, aged 20-40 yr.

M ethods

Serum  T SH , testosterone, an d  estradiol were determ ined by 
previously described m ethods (11-13). T o ta l serum  T 4, T 3, and 
T 3 resin  uptake (TaRU ) were m easured using k its kindly sup­
plied by Diagnostic P roducts Corp. (Los Angeles, CA). T ,- 
b inding globulin (TBG) was m easured using a RIA  k it  supplied 
by CEA Sorin. Steroid, thyroid horm ones, and  TB G  were 
m easured in equal aliquots o f the  pooled basal samples. T he 
T S H  antiserum  was kindly supplied by th e  N ational Horm one 
and  P itu ita ry  Agency, NIAM DD. T S H  standard  (68/38) was 
provided by the  D ivision of Biological S tandards an d  C ontrol 
(Holly Hill, H am pstead, London, England). T he in traassay  and 
in terassay  coefficients of variation  were 3.4% and  10.6%, re ­
spectively, and  th e  lower lim it o f sensitivity  (m ean ±  SD) was
1.1 ±  0.6 fiU /m l, T o  avoid in terassay  variation, all samples 
from  an  individual p a tie n t were m easured in th e  sam e assay.

T he in tegrated  T S H  secretion after T R H  stim ulation  was 
m easured by calculating th e  n e t area  under th e  T S H  response 
curves by the  trapezoidal rule (14). S tatistical evaluation was 
perform ed using S tu d en t’s paired or unpaired £ te s t whenever 
appropiate.

Results
S te ro id s  (T ab le  1)

C o m p a re d  to  c o n tro ls , b a s a l  se ru m  e s tra d io l lev e ls  
w ere  d e c re a se d  in  u n t r e a te d  m a le  a n d  fem a le  p a t ie n ts ,  
a n d  s e ru m  te s to s te ro n e  lev e ls  w ere  d e c re a se d  in  th e  
m a les . S in ce  e th in y l e s tra d io l  d id  n o t  c o m p e te  in  o u r  
R IA , n o  c h a n g e s  in  s e ru m  e s tra d io l  w ere  d e te c te d  d u r in g  
t r e a tm e n t  in  th e  fe m a le  p a t ie n ts .  I n  th e  m a le s , a f te r  h C G  
a d m in is tr a t io n , th e r e  w as a  m a rk e d  r ise  in  b o th  se ru m

■HsTI

Adi:
1

i 1 6

F ig . 1. L e ft panel, T S H  response to  T R H ; r igh t panel, serum  T 4, T j, 
TaRU , and  T B G  responses in  tw o m ale ID G  p a tien ts  before ( 6 —®; ■ ),
during  ( • -  - * ; □ ) ,  an d  a f te r  (■  H; 0 )  e th in y l estrad io l tre a tm en t.
P a tie n t 2 received HCG th ro u g h o u t th e  period.



COMMENTS 417

T a b l e  1. M ean  ±  SE serum  estrad io l, te sto ste ro n e , T 4, Ts, T 3R U , T B G , a n d  in teg ra ted  T S H  secre tion  in  m ale  an d  fem ale IGD p a tie n ts  before, 
du ring , a n d  a f te r  tre a tm e n t; norm al ranges o f  con tro l subjec ts a re  also shown

T S H  in te ­
17/3-Estra­

diol (p g /m 1)
T estosterone

(ng/m l)
T , ( Mg/100 

ml)
T 3 (ng/100 

ml) T 3R U  (%) T B G  (ng/m l) g rated  secre­
tion  (/iU /m l. 

m in)

F em a’os
10

tre a tm e n t 25 ± 7 9.9 ± 2 .0 “ 130 ±  22 30.6 : r  2.«‘ 25.6 ±  2.9“ 7.6 ± 3 .4 “
.lu r in g  tre a tm e n t 26 +  6 14.3 ±  2.6 197 ±  55 20.3 ±  4.5 41.6 ±  10.5 12.4 ±  2.4
P o s t  tre a tm en t 9.9 ±  1.8" 116 ±  1° 31.9 ±  1.3* 22.0 ±  4.3“ 7.4 ±  4.5

C o n tro ls  (norm al ran g e  in 44-125 4.5-12.5 90-210 23-37 15-31 6.1-28.1
fo llicu lar p k is e )

M ales
IG D

P re-h C G < 1 5 ' 0.89 ±  0.23= 10.2 ±  1.8“ 117 ±  21 27.5 ±  2.9 23.5 ±  6.2 7.8 ± 3 .8
D u rin g  h ( G 56 ± 3 9 6.9 ±  3.2 7.2 ±  1.8 118 ±  23 28.3 ±  2.9 21.1 - j:  3.9 9.2 ±  4.8
P o st-h C G < 15c 1.2 ±  0 .8 ' 10.2 ±  1.8“ 128 ±  25 27.8 ±  2.5 24.3 ±  2.5 9.7 ± 3 .5

C o n tro ls  (norm al range) 15-38 3.0-9.7 4.5-12.5 90-210 2 : 41 15-31 2.6-14.4

° P  <  0.05 vs. levels d u rin g  trea tm en t. 
b P <  0.01 us. levels d u rin g  tre a tm en t. 
c P  <  0.001 us. levels d u rin g  tre a tm en t.

te s to s te r o n e  a n d  e s tra d io l. M e a n  s e ru m  e s tra d io l  v a lu e s  
ex ce iid ed  th o s e  in  th e  n o rm a l m e n . W ith  th e  c e s sa tio n  
o f  h C G , b o th  s e ru m  e s tra d io l a n d  te s to s te ro n e  levels 
a g a in  d e c re a s e d  a n d  w ere  in d is t in g u ish a b le  f ro m  th e  
p r e t r e a tm e n t  v a lu e s .

T h y r o id  h o rm o n e s  (T ab le  1)

B e fo re  t r e a tm e n t ,  b o th  fem a le  a n d  m a le  p a t ie n ts  h a d  
v a lu e s  o f  se ru m  T 4, Tg, a n d  T 3R U  w ith in  n o rm a l lim its . 
D u r in g  t r e a tm e n t  o f  t h e  fem a le  p a t ie n ts ,  th e r e  w as a  r ise  
in  s e ru m  T 4 a n d  T 3  a n d  a  d ec re a se  in  T 3R U . M e a n  se ru m  
T 4  le v e ls  w ere  a b o v e  n o rm a l, a n d  T 3R U  v a lu es  w ere  
b e lo w  th e  n o rm a l  ra n g e . A f te r  c e s sa tio n  o f  t r e a tm e n t ,  
s e ru m  th y r o id  h o rm o n e  levels r e tu rn e d  to  p r e t r e a tm e n t  
v a lu e s .

I n  t h e  m a le s  d u r in g  t r e a tm e n t ,  th e r e  w as a  t r a n s ie n t  
d e c re a s e  in  s e ru m  T 4, a lth o u g h  i t  re m a in e d  w ith in  th e  
n o r m a l  ra n g e . A f te r  c e s sa tio n  o f  h C G , se ru m  T 4 levels 
a g a in  in c re a se d . T h e re  w ere  n o  c h a n g e s  in  se ru m  T 3  o r  
T 3R U  d u r in g  h C G  th e ra p y . I n  th e  tw o  m a les  s tu d ie d  
w h ile  ta k in g  e th in y l  e s tra d io l, th e r e  w as a  t r a n s ie n t  
e le v a t io n  o f  s e ru m  T 4 a n d  T 3  a n d  a  d ec rease  in  T 3R U  
(F ig . 1 ). T h e  f re e  T 4  in d ex , w h ich  is th e  p ro d u c t o f  th e  
s e ru m  T 4  a n d  T 3R U  v a lu es , d id  n o t  ch a n g e  d u r in g  h o r ­
m o n a l  t r e a tm e n t  in  e i th e r  m a le s  o r  fem ales.

T B G  leve ls  (T ab le  1)

T h e r e  w e re  n o  d if fe re n c e s  in  b a s a l  se ru m  T B G  lev e ls  
in  t h e  m a le s  a n d  fem a les , a n d  v a lu e s  w ere  w ith in  th e  
n o r m a l  ra n g e . D u r in g  t r e a tm e n t  in  th e  fem a les , th e r e  
w a s  a  s ig n if ic a n t  r is e  in  se ru m  T B G . V a lu es  d e c re a se d  
a f te r  c e s s a tio n  o f  t r e a tm e n t .  T h e re  w ere  n o  c h a n g e s  in

se ru m  T B G  in  t h e  m a le  p a t ie n ts  d u r in g  h C G , a lth o u g h  
a  t r a n s ie n t  r ise  w as n o te d  in  th e  tw o  m a les  g iven  e th in y l 
e s tra d io l (F ig . 1).

T S H

F em a les (T ab le  1 a n d  Fig. 2). T h e  m e a n  ±  SD b a sa l T S H  
level in  th e  u n t r e a te d  s ta te  w as 1.8 ±  0.2 /zU /m l ( th is  
r e p re se n ts  th e  m e a n  o f  a ll  sa m p le s  b e fo re  T R H  a d m in ­
is tr a t io n ) .  T h is  v a lu e  w as s ig n if ic a n tly  less  ( P  <  0.001) 
t h a n  t h a t  in  th e  n o rm a l w o m en  in  w hom  th e  m e a n  level 
w as 3 .7 ±  1.3 AtU/ml. T h e  p e a k  T S H  re sp o n se  in  th e  
u n t r e a te d  s ta te  o c c u rre d  a t  30 m in  a n d  w as 10.8 ±  4.6 
/ tU /m l. I n  t h e  c o n tro ls , th e  p e a k  o c c u rre d  a t  40 m in  a n d  
w as 24.3 ±  10.2 f iU /m l. In te g ra te d  T S H  se c re tio n  w as 
s ig n if ic a n tly  le s s  in  th e  p a t ie n ts  th a n  in  th e  c o n tro ls  ( P  
<  0 .05). D u r in g  e th in y l  e s tra d io l  t r e a tm e n t ,  th e re  w as n o  
ch a n g e  in  b a s a l  T S H  levels ; h o w ev er, th e r e  w as a  m a rk e d  
in c re a se  in  t h e  T S H  re sp o n se  to  T R H , a n d  th e  p e a k  w as 
19.3 ±  10 .5  g U /m l  (F ig . 2 ). T h e  re sp o n se  w as s im ila r  to  
t h a t  in  th e  c o n tro ls  a n d  g re a te r  th a n  th e  p re tre a tm e n t  
re sp o n se  a t  30 m in  ( P  <  0 .05). T h e  in te g ra te d  a re a  w as 
no w  s im ila r  to  t h a t  in  th e  c o n tro ls  a n d  g re a te r  th a n  t h a t  
b e fo re  t r e a tm e n t  (T a b le  1). A f te r  c e s sa tio n  o f  t r e a tm e n t ,  
th e r e  w as n o  c h a n g e  in  b a s a l  T S H  levels, b u t  th e  r e ­
sp o n se  to  T R H  d ecreased . T h e  p e a k  w as 10.5 +  4.9 f iU / 
m l. T h e  p ro file  a f te r  c e s sa tio n  o f  t r e a tm e n t  w as s im ila r  
to  t h a t  in  th e  u n t r e a te d  s ta te ,  a n d  th e  in te g ra te d  se c re ­
t io n  w as s ig n if ic a n tly  less  t h a n  t h a t  in  c o n tro ls  ( P  <  
0.05).

M a les. T h e  b a s a l  T S H  level w as 2.3 ±  0 .6 f tU /m l b e fo re  
t r e a tm e n t  a n d  s im ila r  to  th e  c o n tro l va lu e  (2.0 ±  0 .8  f iU /  
m l). N o  c h a n g e s  w ere  n o te d  in  b a sa l T S H  a f te r  h C G
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F ig . 2. M ean  ±  SEM T S H  response to  T R H  in  six  fem ale IG D  subjects 
before ( 0 —0 ) ,  during  ( • - - • ) ,  an d  1 m o n th  a fte r  cessation  o f 
(O - • -O ) estrogen  tre a tm en t. Values for fem ale con tro ls  are  also shown 
( # - * ) .

t r e a tm e n t .  T h e  p e a k  T S H  i t  p o n se  to  T R H  b e fo re  t r e a t ­
m e n t  w a s  9 .7  ±  2.6 ^ U /m l  c o m p a re d  to  11 . - 5.2 f iMj
m l in  t h e  c o n tro ls . C o rre sp o n d in g  p e a k  lev e ls  d u r in g  a n d  
a f te r  th e  c e s sa tio n  o f  h C G  t r e a tm e n t  w ere  1 2 . 1  ±  5.1 a n d
11.8 ±  4 .2  jA J/rn l, re sp e c tiv e ly . N o n e  o f  th e s e  v a lu e s  w as 
s ig n if ic a n tly  d if fe re n t  fro m  one a n o th e r  (F ig . 3), n o r  w as 
th e  in te g ra te d  T S H  se c re tio n  d if fe re n t  (T a b le  1). In  th e  
tw o  m a le s  c h a lle n g e d  w ith  T R H  w h ile  ta k in g  e th in y l 
e s tra d io l, th e re  w as a  r ise  in  b a sa l a n d  T R H - in d u c e d  
T S H  s e c re tio n  in  b o th  su b je c ts , a n d  th e  re sp o n se  w as 
s im ila r  to  t h a t  o f  th e  n o rm a l fem ale . I n  p a t i e n t  1, c e s ­
sa tio n  o f  e th in y l  e s tra d io l  re su lte d  in  re d u c tio n  o f  T R H -  
in d u ced  T S H  s e c re tio n  (Pig. 1 ).

Discussion

T h e  IG D  su b je c ts  w ere  c lin ica lly  e u th y ro id , w ith  n o  
th y ro m e g a ly . A ll h a d  n o rm a l c irc u la t in g  lev e ls  o f th y ro id  
h o rm o n e s  a n d  n o rm a l th y ro id  131I  u p ta k e . A lth o u g h  
w ith in  t h e  n o rm a l ra n g e , th e  fem a le  p a t i e n t s  h a d  s ig n if ­
ic a n tly  d e c re a s e d  b a s a l  T S H  levels a s  w e ll a s  a n  im p a ire d  
T S H  re sp o n s e  to  T R H . T h is  p h e n o m e n o n  h a s  been  
d e sc rib e d  p re v io u s ly  (9). D u r in g  e th in y l  e s tra d io l  t r e a t ­
m e n t, t h e r e  w as  a  r is e  in  se ru m  T 3  a n d  T , ,  w ith  a 
c o r re sp o n d in g  re d u c tio n  o f  th e  T 3 R U . T h e  free  T., in d ex  
w as u n a l te r e d ,  a n d  th u s , th y ro id  fu n c tio n  d id  n o t  ch an g e .

14-

10-

<9-

6-

4-

-1 0-2 0 20 JO
T I M E  (min.)

F ro . 3. M ean ±  SEM T S H  responses to  T R H  in  seven m ale IG D  
subjec ts before (O—O), during  (© - - • ) ,  an d  1 m o n th  afte r  cessation  of 
(O - * -O ) hCG  tre a tm en t. V alues fo r m ale con tro ls  (®—©) are  also 
shown.

T h e  v a r ia t io n s  in  th y ro id  h o rm o n e s  w ere , th e re fo re , c o n ­
se q u e n t to  th e  in c re a se  in  T B G , a  w ell d e sc rib e d  p h e n o m ­
e n o n  a s so c ia te d  w ith  e s tro g e n  t r e a tm e n t  (15). A f te r  c e s ­
sa t io n  o f  th e ra p y , T B G  d ec re a se d , a n d  th y ro id  h o rm o n e  
v a lu es  r e tu rn e d  to  n o rm a l.

D u rin g  t r e a tm e n t  o f  th e  fe m a le  p a t ie n ts ,  th e r e  w as no  
ch a n g e  in  b asa l T S H , b u t  th e r e  w as a n  in c re a se  in  th e  
p e a k  T S H  re sp o n se  to  T R H , w h ic h  b e c a m e  id e n tic a l  to  
t h a t  in  th e  n o rm a l w o m en . T h is  e ffe c t is  p re su m a b ly  
re la te d  to  th e  e s tro g e n  th e ra p y . I t  h a s  b e e n  p re v io u s ly  
re p o r te d  t h a t  ex o g en o u s e s tro g e n s  m a y  in c re a se  t h e  T S H  
re sp o n se  to  T R H  in  th e  m a le , a lth o u g h  th is  is  n o t  a  
u n ifo rm  o b se rv a tio n  ^.-id do es n o t  o c c u r in  n o rm a l fe ­
m a le s  (1 -4 , 16). T h e re  is  a lso  n o  f irm  r e la t io n s h ip  b e ­
tw een  T S H  se c re tio n  a n d  e n d o g e n o u s e s tro g e n s . P a ­
t ie n ts  w ith  se c o n d a ry  a m e n o r rh e a  a n d  low  e s tro g e n  lev ­
e ls  a s  w ell a s  p r e g n a n t  s u b je c ts  w ith  h ig h  e s tro g e n  levels 
h av e  s im ila r  T S H  re sp o n se s  to  T R H  (17, 18). I n  IG D , 
c o n s ta n t  e s tro g e n  p r im in g  is r e q u ire d  to  m a in ta in  a  
n o rm a l T S H  re sp o n se  to  T R H . I t s  c e s sa tio n  is  a s so c ia te d  
w ith  a n  im m e d ia te  re d u c tio n  in  re le a sa b le  T S H . T h e  
T S H  a n d  P R L  p ro file s  in  fe m a le  IG D  p a t ie n ts  a re  th u s  
v e ry  s im ila r  s in c e  th e  low  b a sa l a n d  s t im u la te d  P R L  
lev e ls  in  IG D  a re  a lso  re s to r e d  t o  n o rm a l a f te r  t r e a tm e n t  
w ith  e th in y l  e s tra d io l  (12). H e n c e , e s tro g e n s  a re  r e q u ire d  
to  m a in ta in  n o rm a l T S H  a n d  P R L  re sp o n s iv e n e ss  in  
fem a le  IG D  p a t ie n ts .

A s re g a rd s  t h e  m a le  p a t ie n ts ,  th e y  sh o w ed  a  t r a n s ie n t
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r e d u c tio n  in  se ru m  T 4 d u r in g  h C G  th e ra p y . T h is  m a y  be  
re la te d  to  th e  r ise  in  te s to s te ro n e , w h ic h  c a n  red u ce  
se ru m  T B G  (1 5 ,1 9 ) . H o w ev er, n o  c h a n g e  in  se ru m  T B G  
w as n o te d  d u r in g  h C G  th e ra p y . M o re o v e r, se ru m  T 3 a n d  
T 3R U  v a lu e s  d id  n o t  c h a n g e . T h e  e f fe c t o f  te s to s te ro n e  
m ay  h a v e  b e e n  n e u tra l iz e d  b y  th e  c o n c o m ita n t  in c re a se  
in  e s t ra d io l  d u r in g  h C G  t r e a tm e n t .  W h e n  th e  m a le  p a ­
t ie n ts  re c e iv e d  ex o g en o u s  e th in y l  e s tra d io l, th e r e  w as a n  
in c re a se  in  T B G  a n d  a p p ro p r ia te  c h a n g e s  in  th y ro id  
h o rm o n e  levels.

I n  a c c o rd a n c e  w ith  p re v io u s  o b se rv a tio n s  (20), o u r 
m a le  p a t i e n t s  h a d  T S H  re sp o n se s  to  T R H  id e n tic a l to  
th o se  in  n o rm a l m e n . I n  b o th  o f  th e s e  g ro u p s, th e  T S H  
re sp o n s e  m im ic k e d  t h a t  o f  th e  u n t r e a te d  fem ale  p a t ie n ts ,  
b u t  w as  le s s  th a n  t h a t  in  th e  n o rm a l w o m en . A lth o u g h  a  
sex  d if fe re n c e  in  T S H  re sp o n s iv e n e ss  h a s  bi n o b se rv e d  
by  so m e  w o rk e rs  (16 , 2 1 , 2 2 ), o th e r s  h»- ^escribed  
e q u iv a le n t  re sp o n se s  to  T R H  in  m a le s  a n d  icm a les  (23, 
24). D u r in g  hC "! t r e a tm e n t ,  d e sp ite  a n  in c re a se  in  e s t r a ­
d io l to  p h a rm a c o lo g ic a l levels , th e r e  w as n o  a l te r a t io n  in  
th e  T S H  re sp o n se . O n  th e  o th e r  h a n d , w h e n  e th in y l  
e s tra d io l  w a s  a d m in is t r a te d  to  tw o  m a le  IG D  su b je c ts , 
e i th e r  a lo n e  o r  to g e th e r  w ith  h C G , th e r e  w as a  m a rk e d  
in c re a se  in  th e  T S H  re sp o n se  to  T R H , w h ich  b ecam e  
e q u iv a le n t  to  t h a t  o f  th e  n o rm a l fem a les . T h e  T S H  
re su lts  in  th e  m a le  IG D  p a t ie n ts  sh o u ld  be  c o n tr a s te d  to  
th o se  o f  P R L . D u r in g  h C G  t r e a tm e n t ,  th e r e  w as a n  
in c re a se  in  b o th  b a s a l  a n d  s t im u la te d  P R L  levels (12).

T h e s e  re s u l ts  sh e d  so m e  l ig h t  o n  th e  s te ro id  m o d u la ­
t io n  o f  T S H  se c re tio n . F e m a le  IG D  su b je c ts  w ho  h a v e  
n o t h a d  a n y  p re v io u s  ex p o su re  to  e s tro g e n s  re q u ire  th is  
h o rm o n e  fo r  a  n o rm a l T S H  re sp o n se  to  T R H . O n ce  th e  
fem a le  p a t t e r n  h a s  b e e n  fu lly  e s ta b lis h e d  o v e r  a  p ro ­
lo n g ed  p e r io d , m a rk e d  d e c re a se s  in  e n d o g en o u s  e s t ro ­
gens, s u c h  a s  in  o v a r ia n  fa ilu re , o r  in c re a se s , su c h  a s  in  
p re g n a n c y , do  n o t  a l te r  th e  T S H  re sp o n s e  to  T R H  (17, 
18). E v e n  ex o g en o u s e s tro g e n s  h a v e  n o  e ffe c t (2, 3, 16). 
U n t r e a te d  m a le  IG D  p a t ie n ts  a a v e  a  T S H  p ro file  s im ila r  
to  th o s e  o f  u n t r e a te d  fe m a le  IG D  p a t ie n ts  a n d  th e  n o rm a l 
a d u l t  m a le ; th e i r  r e sp o n se s , h o w ev er, a re  less  t h a n  th o se  
o f  n o rm a l  fem ales. h C G  a d m in is t r a t io n  to  th e s e  su b je c ts  
in c re a se d  b o th  te s to s te ro n e  a n d  e s tra d io l, b u t  d id  n o t  
a l te r  t h e i r  T S H  re sp o n se s . I t  is  p o ss ib le  t h a t  th e  r ise  in  
te s to s te ro n e  c o u n te r a c te d  th e  e ffe c t o f  e s tra d io l in  e n ­
h a n c in g  th e  T S H  re sp o n s e . T h is  is  su p p o r te d  b y  th e  fa c t 
t h a t  t h e  a d m in is t r a t io n  o f  e th in y l  e s tra d io l  *o th e se  
su b je c ts  c o n v e r te d  t h e i r  T S H  re sp o n s e s  to  th e  n o rm a l 
fe m a le  p a t t e r n .  E x o g e n o u s  e s tro g e n  a d m in is te re d  to  n o r ­
m al m a le s  a n d  to  th o s e  w ith  p ro s ta t ic  c a rc in o m a  m ay  
in c re a se  t h e i r  T S H  re sp o n s e s  to  T R H  (1, 16), a lth o u g h  
th>s h a s  n o t  b e e n  a  u n ifo rm  o b se rv a tio n  (4).

A d d it io n a l  ev id e n c e  fo r  th e  r e s t r a in in g  e ffe c t o f  t e s ­
to s te ro n e  o n  th e  T S H  re sp o n s e  to  T R H  co m es f ro m  d a ta  
o f  p a t i e n t s  w ith  t e s t ic u la r  fa ilu re  w h o  h a v e  h ig h  g o n a d ­

o tro p in  lev e ls  a n d  a n  in c re a se  in  th e i r  e s tra d io l  to  t e s ­
to s te ro n e  ra t io s .  T h e ir  T S H  p ro file  c o n s e q u e n t to  T R H  
a d m in s tr a t io n  m im ics  t h a t  o f  th e  n o rm a l fem a le  (13). 
N o n a ro m a tiz a b le  a n d ro g e n s , su c h  a s  flu o x y m e ste ro n e , 
re d u c e  th e  T S H  re sp o n se  in  te s tic u la r  fa ilu re  (6 ). I t  is  
th u s  lik e ly  t h a t  th e  low er T S H  re sp o n se  to  T R H  in  m a le  
su b je c ts  c o m p a re d  to  fem a les  is  d u e  to  th e  in h ib ito ry  
e ffe c t o f  te s to s te ro n e  o n  T S H  se c re tio n .
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D IF F E R E N T IA T E S  IS O L A T E D  
G O N A D O T R O P IN  D E F IC IE N C Y  F R O M  

D E L A Y E D  P U B E R T Y

I r v i n g  M . S p :rz , M .D ., H a r r y  J .  H i r s c i i , M .D .,
A X ,' S rE F A N  T REbTIAiN, M .S c.

IT  is cu rre n tly  -n i i-! '"j th a t hy pogonado trop ic  hypo­
g onad ism  (f., I: -i i  •••d gonad o tro p in  dcficicncy) is 

sccon .dar/ la lack  0 1 1. .livvry o f endogenous lu tein izing  
horm one-re leasing  horm one to the  p itu ita ry  gonado- 
trope , w hereas delayed  p u b erty  is re lated  to re ta rd ed  
ac tiv a tio n  o f  the  h y p .-d ia lam ic -p itu ita ry  ax is . 1' 2  T h e  
d istin c tio n  betw een  the 'w o  cond itions poses one o f the  
m o st difficult d iag n o stii p roblem s in  endocrino logy . 2 "3 

W hen iso lated  gonad  vitrup.u deficiency is associated
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w ith  anosm ia  o r o th e r  congen ital anom alies, it is easily 
d ifferen tia ted  from  physiologic delayed p u b e rty . 4 

H ow ev er, m any  p a tien ts  p resen t w ith o u t any  som atic 
a b n o rm alitie s . In  such cases, the  usual course  is to 
p ro c ra s tin a te . H ow ever, prolonged delay  in trea tm en t 
c au ses  severe social em b arra ssm en t for th e  pa tien t an d  
co n s id erab le  concern  for the p a ren ts . A ttem pts have 
the re fo re  been m ad e  to differentiate  early  betw een the 
tw o  conditions so th a t iso lated  g o n ad o tro p in  deficien­
cy c a n  be ap p ro p ria te ly  trea ted .

S e ru m  an d  u rin a ry  levels o f  gonado trop ins a rc  low 
in  b o th  conditions an d  arc  thus o f  lim ited  help  in the 
a ssessm en t . 2 ,3 ' 3  F u rth e rm o re , n e ith e r the  response o f  
g o n a d o tro p in  to  lu te in iz ing  horm one-releasing  hor- 
m o n e 2 ' 4 - '1,7 o r  c lom iphene c itra te 3  n o r the  testosterone 
resp o n se  to h u m an  chorionic g o n ad o tro p in 3 can re li­
a b ly  d ifferen tiate  the  two conditions. C hanges in sleep- 
a sso c ia ted  episodic secre tion  o f  lu tein izing  horm one, 
fo llic le-stim u la ting  ho rm one, an d  testosterone a rc  also 
n o t consisten tly  helpful in the d ifferential d iagnosis . 2 ,8

W e hav e  prev iously  m ade the  unexpected  observa­
tio n  th a t  the  p ro lac tin  response to th y ro trop in -re leas­
in g  h o rm o n e  is im p aired  in isolated g o n ad o tro p in  defi­
c ien cy . 9  W e therefore decided to assess the  response in 
boys w ith  delayed pu b erty . In  th is rep o rt we show  th a t 
in  c o n tra s t to the  response in iso lated  gonado trop in  
deficiency, the p ro lac tin  response to th y ro tro p in -re ­
leas in g  horm one is no rm al in delayed pu b erty , and  
th a t  th is response m ay be helpful in d ifferen tiating  
b e tw een  the two.

Methods

Subjects

F if te e n  m a le  s u b je c ts  w i th  c o n s t i tu t io n a l  d e la y e d  p u b e r ty  a n d  10 
w i th  i s o la te d  g o n a d o t r o p in  d e f ic ie n c y  h a d  in i t i a l ly  s o u g h t  m e d ic a l  
a t t e n t i o n  b e c a u s e  t h e i r ; c x u a l  m a tu r a t i o n  w a s  d e la y e d  a n d  th e y  h a d  
s m a l l  e x te r n a l  g e n i ta l ia .  T h e  b o y s  w ith  d e la y e d  p u b e r ty  w e re  13 to  
18 y e a r s  o f  a g e  a n d  a t  t h e  t im e  o f  th e  s tu d y  h a d  d e la y e d  se x u a l 
d e v e lo p m e n t  fo r th e i r  a g e  ( S ta g e  I  o r  I I ) ,  a c c o r d in g  to  th e  c la ss if ic a ­
t io n  o f  T a n n e r . 10 A ll b u t  tw o  w e re  w i th in  10 p e r  c e n t  o f  th e i r  id e a l  
b o d y  w e ig h t .  T h r e e  h a d  e u n u c h o id  b o d y  p r o p o r t io n s .  T h e i r  b o n e  
a g e s  r a n g e d  fro m  12 to  14 y e a r s ,  a n d  in  e a c h  c a s e  th e r e  w a s  a  d e la y  o f  
o n e  t o  tw o  y e a r s  in  s k e le ta l  m a tu r a t i o n  a s  c o m p a r e d  w i th  th e  
c h r o n o lo g ic  a g e . A f te r  t h e  e v a lu a t io n ,  t h e  s u b je c t s  w e re  o b s e r v e d  
a t  s ix - m o n th  in te rv a ls ,  a n d  a l l  u n d e r w e n t  s p o n t a n e o u s  s e x u a l d e ­
v e lo p m e n t .

T h e  o t h e r  10 s u b je c ts  a l l  p r e s e n te d  w ith  w e ll -d o c u m e n te d  i s o la te d  
g o n a d o t r o p i n  d e f ic ie n c y . F o u r  r a n g e d  in  a g e  f ro m  1C to  2 0  y e a r s ,  
a n o t h e r  fo u r  w e re  2 4  to  2 5 , a n d  th e  r e m a in in g  tw o  w e re  3 0 . E ig h t  o f  
t h e  s u b je c t s  w e re  e u n u c h o id ,  a n d  n o n e  w a s  o b e s e .  A n o s m ia  w a s  
p r e s e n t  i n  o n e ,  b u t  t h e r e  w e re  n o  o th e r  s o m a t ic  a b n o r m a l i t i e s ,  su c h  
a s  c le f t  p a l a te ,  r i c h  l ip .  u n i la te r a l  r e n a l  a g e n e s is ,  c o l o r  b l in d n e s s ,  o r  
n e r v e  d e a f n e s s .1 F o u r  o f  t h e  s u b je c ts  h a d  n e v e r  b e e n  t r e a t e d .  T h e  
r e m a i n d e r  h a d  h a d  p r e v io u s  th e r a p y  w ith  h u m a n  c h o r io n ic  g o n a d o ­
t r o p i n  o r  lo n g - a c t in g  te s to s te ro n e . T h is  t r e a tm e n t  h a d  b e e n  s to p p e d  
s ix  m o n t h s  b e fo re  th e  p r e s e n t  in v e s t ig a t io n . T h e  c l in ic a l  a n d  l a b o r a ­
to r y  d a t a  fo r  s o m e  o f  th e s e  s u b je c ts  h a v e  b e e n  d e s c r ib e d  p re v io u s ly . '' 
A ll  h a d  n o r m a l  th y r o id  fu n c tio n  a n d  i n t a c t  a d r e n a l  a n d  g ro w th -  
h o r m o n c  re s e rv e .

Test Procedure

T h e  te s t s  w e r e  p e r f o r m e d  a t  8  a .m . ,  a f te r  a n  o v e r n ig h t  fa s t. A f te r  
th e  n a t u r e  o f  th e  s tu d y  h a d  b e e n  e x p la in e d  to  th e m , th e  s u b je c ts  o r  
t h e i r  p a r e n t s  s ig n e d  w r i t t e n  c o n s e n t  fo rm s . A  n e e d le  in s e r te d  in to  a n  
a n t c c u b i t a l  v e in  w a s  k e p t  p a t e n t  b y  a  s lo w  s a l in e  in fu s io n . T h e  b o y s

w i th  d e la y e d  p u b e r ty  w e re  th e n  g iv e n  a  b o lu s  o f  lu te in iz in g  h o r ­
m o n e - r e le a s in g  h o r m o n e  (1 0 0  p g )  a n d  th y r o t r o p in - r e l e a s in g  h o r ­
m o n e  (5  p g  p e r  k i lo g ra m  o f  b o d y  w e ig h t ,  to  a  m a x im u m  o f ' 2 0 0  f t g ) .  

T h e  s u b je c t s  w i th  is o la te d  g o n a d o t r o p in  d e f ic ie n c y  re c e iv e d  100 ytg 
o f  l u te in iz in g  h o r m o n e - r e le a s in g  h o r m o n e  a n d  2 0 0  /e g  o f  th y r o t r o p ­
in  r e le a s in g  h o r m o n e ,  e i t h e r  a s  a  b o lu s  o r ,  a l t e r n a t iv e ly ,  o n  s e p a r a t e  
d a y s .  T h e  r e s p o n s e  in  b o th  p a t i e n t  g r o u p s  w a s  c o m p a r e d  w i th  t h a t  
in  a  g r o u p  o f  2 6  n o r m a l  m e n  w h o  h a d  a ls o  re c e iv e d  lu te in iz in g  
h o r m o n e - r e le a s in g  h o r m o n e  (1 0 0  / ig )  a n d  th y r o t r o p in - r e le a s in g  
h o r m o n e  (2 0 0  p g ) .  I t  h a s  b e e n  s h o w n  p re v io u s ly  t h a t  t h e  g o n a d o ­
t r o p in ,  th y r o t r o p in ,  a n d  p r o la c t in  r e s p o n s e s  a r e  n o t  a l t e r e d  i f  th e  
r e le a s in g  h o r m o n e s  a r c  g iv e n  t o g e th e r .11 I n  a l l  s u b je c t s  b lo o d  s a m ­
p le s  w e re  ta k e n  a t  1 0 -m in u te  in te r v a ls  fo r  6 0  m in u te s .  T h e  p e a k  
h o r m o n a l  r e s p o n s e  ( i n d e p e n d e n t  o f  t im e )  w a s  u s e d  to  c o m p a r e  t h e  
re s p o n s e s  in  th e  th r e e  g ro u p s .

M easurem ents
S c r u m  le v e ls  o f  lu te in iz in g  h o r m o n e ,  f o l l ic le - s t im u la t in g  h o r ­

m o n e , p r o l a c t in ,  t e s to s te ro n e , a n d  e s t r a d io l  17 /3  w e re  d e t e r m in e d  b y  
p re v io u s ly  d e s c r ib e d  m e th o d s . ' ' G o n a d o tr o p in  le v e ls  w e re  e x p r e s s e d  
in  r e l a t i o n  to  t h e  s e c o n d  in t e r n a t io n a l  r e fe r e n c e  p r e p a r a t io n  o f  
h u m a n  m e n o p a u s a l  g o n a d o t r o p in s .  T h e  a c tu a l  s t a n d a r d  u s e d  in  th e  
a s s a y  w a s  t h e  f i r s t  in te r n a t io n a l  re fe r e n c e  p r e p a r a t io n  o f  p i tu i ta r y  
fo l l ic le - s t im u la t in g  h o rm o n e  a n d  lu te in iz in g  h o r m o n e  (6 9 /1 0 1 ) .  
T h i s ,  a s  w e ll  a s  t h e  p ro la c t in  s t a n d a r d  (7 5 /5 0 1 ) ,  w a s  k in d ly  p r o ­
v id e d  b y  th e  D iv is io n  o f  B io lo g ic a l  S ta n d a r d s  a n d  C o n tr o l .  H a m p ­
s te a d ,  L o n d o n ,  E n g la n d .  S a m p le s  o f  a n t i s e r u m  to  lu te in iz in g  h o r ­
m o n e  ( fin a l  d i lu t io n ,  1 :2 0 0 ,0 0 0 ), fo l l ic le - s t im u la t in g  h o r m o n e  
( I : lOD.OOO), a n d  p r o la c t in  11: lOO.OOO) w e re  k in d ly  s u p p l ie d  b y  th e  
N a t io n a l  P itu i ta r y  A g e n c y  o f  t h e  N a t io n a l  I n s t i t u te  o f  A r th r i t i s ,  
M e ta b o l i s m ,  a n d  D ig e s t iv e  D is e a s e s . ' “ l - l a b e le d  lu te in iz in g  h o r ­
m o n e ,  f o l l ic le - s t im u la t in g  h o r m o n e ,  a n d  p r o la c t in  w e re  p u r c h a s e d  
f ro m  G I S - F r a n c e .  I n t r a a s s a y  a n d  in te r a s s a y  c o e ff ic ie n ts  o f  v a r i ­
a t io n  w e re  a s  fo llo w s: 5 .8  p e r  c e n t  a n d  19.1 p e r  c e n t  ( lu te in iz in g  
h o r m o n e ) :  4 .3  p e r  c e n t  a n d  6 .9  p e r  c e n t  ( f o ll ic le - s t im u la t in g  h o r ­
m o n e ) ;  6 .6  p e r  c e n t  a n d  12.2 p e r  c c f  ( p r o la c t in ) .  T e s to s te r o n e  a n d  
e s t r a d io l  w e re  m e a s u r e d  in  p o o le d  a l iq u o ts  o f  t h e  b a s a l  b lo o d  s a m ­
p le s . F o r  t h e  p o ly p e p t id e  h o rm o n e s ,  th e  m e a n  b a s a l  lev e l re fe r s  to  
th e  m e a n  v a lu e  o f  a ll s a m p le s  b e fo re  ad m in *  A r a d o n  o f  re le a s in g  
h o rm o n e s .

S tu d e n t ’s  t - t e s t  w a s  u s e d  to  c o m p a r e  re s p o n s e s  in  p a t i e n t s  a n d  
c o n tro ls .

Results

B asal Levels

B asal sc ru m  levels o f  testosterone (m ean ± S .D .)  
w ere s im ila r  in p a tien ts  w ith  iso lated  gonad o tro p in  
deficiency ( 1 .5 + 0 .8  ng  p er m illiliter) a n d  delayed  p u ­
b e rty  ( 1 .3 +  1 . 2  n g  p e r  m illiliter) an d  w ere significantly  
low er (P < 0 .0 0 1 ) in bo th  g roups th an  in the norm al 
m en (5 .9 + 2 .0  n g  p e r  m illiliter). T h e  m ajo rity  o f the  
p a tien ts  in  bo th  g roups h a d  un d e tec tab le  levels o f  es­
trad io l —  below  15 p g  p e r  m illiliter, w hich is the low er 
lim it ol sensitiv ity  o f  the assay. M ean  basal levels o f 
lu te in iz in g  h o rm one w ere n o t d ifferent in  iso lated  go­
n a d o tro p h ’ deficiency a n d  delayed  p u b e rty , b u t levels 
in both  g iu u p s w ere low er (P < 0 .0 1 ) th an  in the nor­
m al m en. B asal levels o f  fo llic le-stim ulating  horm one 
an d  p ro lac tin  w ere low er in  p a tien ts  w ith  g o n ad o tro p ­
in deficiency (P < 0 .0 0 1 ) th an  in boys w ith  delayed 
p u b e rty  o r in no rm al m en. H ow ever, because o f  the 
large  overlap , low basal levels can n o t be used  to d iag ­
nose iso la ted  g o n ad o tro p in  deficiency in an  ind iv idual 
pa tien t (Fig. I).

R esp o n se  to R eleasing Horm ones

T h e  responses to the releasing  horm ones in the three 
g roups a re  show n in F igure  1. T h e  elevation o f  serum
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Fiigure 1. Response to Releasing Hormones in Normai Adult Men, Boys with 
Delayed Puberty, and Patients with Isolated Gonadotropin Deficiency.

The upper panels show basal hormone levels. The lower panels show the peak 
gonadotropin responses to luteinizing hormone-releasing hormone and the pro­
lactin responses to thyrotropin-releasing hormone in the three groups. The 
m eans (+S.E.M .) are indicated by the horizontal lines and the symbols indicate 

individual responses.

lu te in iz ing  horm one afte r the injec­
tion o f  lu te in iz in g  horm one-releas­
ing h o rm o n e  w as s im ila r in the boys 
with d e lay ed  p u b erty  a n d  the nor­
mal m en . T h e  increase in lu tein iz­
ing h o rm o n e  in the form er g roup 
was h ig h e r  th an  has been reported  
by o th e rs , 6 ' 1 2 ,1 3  a lthough  four o f our 
subjects d id  have a  m arked ly  im ­
paired resp o n se . I t  has been show n 
th a t th e  lu te in iz ing  h o rm one re­
sponse in creases sh a rp ly  w ith  in ­
creasing  te s ticu la r  size 13 an d  after a 
bone age  o f  1 0  to 1 2  years has been 
a tta in e d . 12 T h e  fact th a t all o u r su b ­
jects h ad  b o n e  ages o f  m ore th an  1 2  

years m a y  exp lain  the m arked  re­
sponse to  lu te in iz ing  h o rm one-re­
leasing h o rm o n e . M ean  lu tein izing  
h o rm one responses w ere signifi­
cantly  d ecreased  in the patien ts 
w ith iso la ted  gonad o tro p in  defi­
ciency (PCO.OOI), a lth o u g h  three o f 
these su b je c ts  had  peak  lu tein izing  
h orm one responses w ith in  the 
range o f  resp o n se  o f  the norm al m en 
and a n o th e r  four had  m axim um  re­
sponses w ith in  the low er lim it o f 
those o f  th e  boys w ith  delayed  pu ­
berty. T h u s , only 3 o f  the  10 su b ­
jec ts w ith  iso lated  gonad o tro p in  de­
ficiency h a d  peak responses th a t 
w ere lo w er th an  those o f  the  boys 
w ith d e lay ed  puberty  an d  o f  the 
norm al m en .

E lev a tio n  o f  follicle-stim ulating 
h o rm one w as also s im ila r  in the 
boys w ith  delayed  p u b e rty  and  the 
m en, a lth o u g h  three o f  the form er 
did hav e  p eak  fo llicle-stim ulating  h o rm one response, 
th a t exceeded  the range o f  the con tro ls’ responses. 
Such a  f in d in g  has been repo rted  p rev iously .u  I t 
should  b e  m en tioned  th a t a lack o f  response o f  follicle- 
s tim u la tin g  horm one to the  releasing  ho rm o n e  has also 
been re p o rte d  in norm al m en . 1 1 T h e  response  in our 
pa tien ts w ith  isolated g onado trop in  deficiency was 
m arked ly  im paired  (P < 0 .0 0 1 ). F o u r p a tien ts  had  no 
increase in  fo llic le-stim ulating  horm one afte r stim u la­
tion, a n d  th e  rem ain ing  six h ad  peak responses w ithin 
the ra n g e  fo r subjects w ith  delayed p u b e rty  and  iso lat­
ed g o n a d o tro p in  deficiency.

C lea rly , these resu lts do  n o t d ific ren tia te  betw een 
isolated g o n ad o tro p in  deficiency and  d e layed  puberty . 
S im ila r o b se rvations have been rep o rted  by o th er 
au th o rs  u sin g  this releasing  h o rm o n e . 2 , 4 ,6 ' 1 3 ,15  T h e  
reason fo r th e  heterogenous responses to lu tein izing  
ho rm one-re leas ing  ho rm one is th a t  som e subjects 
p ro b ab ly  have  only a  p artia l deficiency o f g o nado­
trop in s . 3

T h e  p e a k  elevation o f  pro lactin  a fte r  injection o f 
th y ro tro p in -re leas in g  h o rm one ranged from  22 to 50

ng  p e r m illiliter in  the  boys w ith  delayed p u b e rty  and  
from  22 to 58 ng  p e r  m illilite r in the  norm al m en. N ine 
o f th e  p a tien ts  w ith  iso la ted  gonad o tro p in  deficiency 
h a d  a  p ro lac tin  response  ran g in g  from  7 to 19 ng  p er 
m illiliter. A ssu m in g  th a t  a  p ro lac tin  level o f  a t  least 
2 2  ng  p e r  m illilite r a fter in jection  w ith  thy ro trop in - 
re leasing  ho rm one constitu tes the m inim al norm al re­
sponse, 9 o f  the  10 sub jec ts w ith iso lated  g onado trop in  
deficiency h ad  a  su b n o rm a l increase in p ro lac tin  after 
th y ro tro p in -re leas in g  horm one. N e ith e r  age n o r the 
go n ad o tro p in  response  to lu tein izing  horm one-releas­
ing horm one influenced the p ro lac tin  response. F or 
exam ple, the four youngest p a tien ts  w ith  g onado trop in  
deficiency had  peak  responses o f ) .  13, IP, a n d  31 ng 
p er m illiliter. T h ?  four boys wit!' -i iv; J  puberty  w ho 
h ad  low peak resp o n tes o f  lutein:-- .i*- h Trnone ( < 2 0  

m lU  p er m illiliter) w ere clearly  d .llv ix tv iafed  from  the 
g ro u p  w ith  iso la ted  gonad o tro p in  deficiency by their 
no rm al p ro lac tin  response. T h e  four pa tien ts w ith  go­
n ad o tro p in  deficiency w ho had  the h ighest lu tein izing  
ho rm one peak (> 2 8  m lU  p er m illiliter) were n a d ily  
d istingu ished  from  the  delayed -puherty  g roup  by vir-



tin- o f  their low pro lac tin  response. T h ese  four pa tien ts 
w o u ld  have been m isdiagnosed if  the  only d iagnostic  
c r ite rio n  had  been im paired  lu te in iz ing  h o rm one re­
sponse . O nly  one p a tien t w ith iso lated  gonado trop in  
deficiency, a  17-year-old boy, had  a  norm al peak p ro ­
la c tin  response o f  31 ng  p e r  m illiliter, desp ite  a  loti- 
lu te in iz in g  ho rm o n e  response ( 1 2  m lU  p er m illiliter).

Discussion

These tesu lts ind ica te  th a t in the  ind iv idual pa tien t, 
b asa l levels o f  testosterone, gonado trop ins, an d  pro lac­
tin . as well as the  responses o f  lu te in iz ing  ho rm one 
a n d  fo llicle-stim ulating  horm one to lutein izing  hor­
m one-re leasing  horm one, w ere o f  lim ited  value in dif­
fe re n tia tin g  iso lated  g onado trop in  deficiency from d e ­
layed  puberty  an d  the norm al ad u lt m ale sta te . T h e  
p ro lac tin  response was the best d isc rim inan t; it reli­
a b ly  identified 9 o f  19 sub jects w ith  isolated g o n ad o ­
tro p in  deficiency.

I t  is w orthy  o f  note th a t the  boys w ith  delayed  p u ­
b e rty  received a  h ig h e r dose o f  th y ro tro p in -re lcas in r  
h o rm o n e  p er k ilogram  o f  body w eight th an  the p a ­
tie n ts  w ith iso la ted  gonad o tro p in  deficiency. T h is  
c a n n o t explain the  observed difference, since the s tu d ­
ies o f  Ja c o b s  c t a l ." ’ have show n th a t the p ro lactin  re ­
sp o n se  to thy ro tro p in -re leas in g  ho rm one is m axim al 
a t  1 0 0  /tg  an d  th a t  ad d itional increases in dosage up 
to 800 /tg  do n o t p roduce  a  fu rth e r  in crem en t. W e 
h a v e  confirm ed these results by show ing  th a t pa tien ts 
w ith  iso lated  g o n ad o tro p in  deficiency do not have 
h ig h e r  p ro lac tin  responses w ith  doses o f th y ro tro p ­
in -re leas in g  ho rm o n e  up to 800 /tg  (u npub lished  
d a ta ) .  In  co n trast, the th y ro tro p in  response to thy ro ­
tro p in -re leasin g  h o rm one is m axim al only  a t 400 / tg . 17 

F o r  th is reason, we w ere u n ab le  to com pare  the thy­
ro tro p in  response o f  p re p u b e r ta l boys w ith  those o f 
su b je c ts  w ith iso lated  g o n ad o tro p in  deficiency an d  
n o rm a l m en.

T h e  im paired  p ro lac tin  response in iso lated  g o nado­
tro p in  deficiency is no t an  in h e ren t com ponent o f  the 
sy n d ro m e  bu t, ra th e r , a  m an ifesta tion  o f  the low levels 
o f  ste ro ids p re se n t . 18 T h e  ad m in is tra tio n  o f h um an  
cho rion ic  g o n ad o tro p in  raises basa l an d  stim u la ted  
p ro la c tin  levels to no rm al. I t  sh ou ld  be m en tioned  that 
co n s ta n t ste ro id  “ p rim in g ” is req u ired  to m ain ta in  
n o rm a l p ro lac tin  responsiveness, an d  th a t the cessa­
tio n  o f  such th e ra p y  is associated  w ith  an  im m ediate  
redu c tio n  in basa l and  s tim u la ted  p ro lac tin  levels . 18 

F u r th e r  studies have  show n th a t  an  elevation o f es tra ­
d io l, ra th e r  th an  testosterone, is the  m ain  facto r in 
re s to rin g  p ro lac tin  responsiveness in  sub jects w ith  iso­
la te d  g onado trop in  deficiency. T h is  conclusion is 
b a se d  on  the finding th a t the co n co m itan t a d m in is tra ­
tio n  o f  the an ties trogcn  c lom iphene c itra te  d u rin g  
tre a tm e n t w ith h u m an  chorion ic  gonad o tro p in  re­
d u c e s  the  p ro lactin  response. F u rth e rm o re , androgens 
th a t  canno t be a rom atized  do no t influence the im ­
p a ire d  p ro lac tin  response . 18

T h e  precise m echanism  underly in g  the difference in 
p ro la c tin  response to thy ro tro p in -re leas in g  horm one 
in iso la ted  gonad o tro p in  deficiency an d  delayed p u ­

berty  is not know n. I t  is im possib le  to ascerta in  w h eth ­
e r  levels o f  c ircu la tin g  endogenous estrogens w ere 
low er in the  g ro u p  w ith g o n ad o tro p in  deficiency be­
cause  o f  the  lim ita tio n s o f  the ex isting  assays a t  these 
low co n cen tra tio n s. Indeed , m ost o f  the  p a tien ts  o f  
bo th  g roups h ad  u n d e tec tab le  levels o f  estrad io l.

A su b tle  difference betw een the  estrad io l levels in 
the two g roups is a  possible ex p lanation  for the  ab n o r­
m al results. I f  a  certa in  estrogen  level is req u ired  to 
achieve a p ro lac tin  response to thy ro tro p in -re leas in g  
ho rm one, th e re  m ust be a sufficient am o u n t in young 
boys. In  un p u b lish ed  stud ies we have show n th a t three 
ch ild ren  3 to 8  y ears o f  age had  norm al p ro lac tin  
responses to th y ro tro p in -re leas in g  horm one. E x tra- 
g la n d u la r  a ro m atiza tin n  o f  and ro g en s to estrogens is 
high in the  new born  an d  gradually  decreases d u rin g  
ch ild h o o d .1'' T h u s , a lth o u g h  tcstosw rone levels w ere 
s im ila r  in the  two groups o f  p t icn ts in the  p resen t 
sandy. the p o ten tia l for a ro m atiza tio n  m ay have been 
m uch g re a te r  in the  boys w ith  delayed  p u b erty , since 
they w ere yo u n g er th an  the  sub jects w ith  g o n ad o ­
trop in  deficiency. A n a lte rn a tiv e  ex p lanation  is th a t a 
ce rta in  deg ree  o f  estrogen insensitivity  ch aracterizes 
isolated g o n ad o tro p in  deficiency.

Previous investiga to rs have  show n th a t th e re  is also 
a  decreased  p ro lac tin  response to th e  d opam inerg ic  
an tag o n is t ch lo rp ro m azin e  in iso la ted  g o n ad o tro p in  
deficiency an d  a  n o im a l response in delayed  p u b e r­
ty .-20 H ow ever, ch lo rp ro m azin e  ad m in is tra tio n  m ay be 
associa ted  w ith  tran s ien t hypo tension , an d  th e  re­
sponse  is d e lay ed .-21 P re lim inary  stud ies in d ica te  th a t 
the  p ro lac tin  response to a n o th e r  d o p am in erg ic  an ­
tagonist, m ctoclop ram ide, can  also be used to differ­
en tia te  delayed  pu b erty  from  iso lated  g onado trop in  
deficiency. A d is tin c t ad v an tag e  o f  the test using  th y ro ­
tro p in -re leasin g  ho rm one is th a t  it is free o f  serious side 
effects; it also  m ay  be com pleted  w ith in  30 m inu tes.

A lthough  the  precise m echanism  u n derly ing  the 
p h enom enon  is no t clear, we suggest th a t the  im ­
paired  p ro lac tin  response to challenge w ith  th y ro tro p ­
in -re leasing  ho rm one m ay  facilita te  the  d iagnosis o f 
iso lated  g o n ad o tro p in  deficiency an d  d ifferen tia te  this 
condition  from  delayed  p u b e rty , w hich  is c h a ra c te r­
ized by a  n o rm al p ro lac tin  response.

\ \  i- a r t-  in d v b u -d  to  W . B a rd in  l i ir  b is  i n v a lu a b le  a s s i s ta n c e .
In  P . O ll 'n e r  a n d  S . I . e d e r m a n  n l d ie  C o m p u te r  D e p a r tm e n t  ill 
S h a a r e  Z e tle k  M e d ic a l  C e n te r  li ir  th e i r  a s s i s ta n c e ,  tn  Z . .S h em esb  
a n d  I ..  S b i l r i t  liir  t h e i r  te c h n ic a l  h e lp ,  to  1.. M c K e h - e r  ib r  a s s i s ta n c e  
in  th e  p r e p a r a t io n  n l th e  m a n u s c r ip t ,  a n d  tu  R a d in a s s a y  S y s te m s  
L a b o r a to r i e s ,  l i ir  s u p p ly in g  th e  t e s to s te r o n e  a n t ib o d y  u s e d  in  th e  
s tu d y .
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ISOLATED DEFICIENCY OF FOLLICLE-STIMULATING HORMONE
C lin ica l a n d  L a b o ra to ry  F ea tu res

David Rabin, M .D ., M .R .C .P ., M .R .C .P .E ., Irving Spitz, M .D ., M .R .C .P ., 
Bruno Bercovici, M .D ., J ulian Bell, M .B ., M .R .A .C .P ., Alexander Laufer, M .D ., 

Robert Benveniste, M .S c., and Wolf Polishuk, M .D .

A bstrac t Isolated deficiency of follicle-stimulating 
h o rm one (FSH) w as found in a  22-year-old w om an with 
primary am enorrhea . Pituitary grow th horm one, ACTH 
and thyrotropin release , a s s e s se d  e ither "directly or 
Indirectly, w as norm al. Serum  luteinizing horm one  
levels w ere  high, generally  50 to 90 mill per milliliter, 
w h ereas  serum  follicle-stimulaiing horm one  levels w ere 
u n d e tec tab le  (less than  3 mlU p e r milliliter). Serum  
estradiol-17,8 concen tra tion  w as le ss  than 10 pg per 
milliliter. Ovarian biopsy revealed  primordial follicles but 
w ithout m aturation to th e  s ta g e  of antral form ation. 
Adm inistration of m enotrop ins (hum an m enopausal 
g o n ado troph ins), which co n ta in s urinary follicle-

DE V E L O P M E N T  o f  specific radio im m unoassays 
for m easurem ent in  se rum  o f the  gonado troph ins 

fo llic le-stim ulating  horm one a n d  lu tein izing  h o r­
m one 1' 2  h as p e rm itted  a  b e tte r u n d erstan d in g  o f  events 
d u rin g  th e  no rm al fem ale m en stru a l cycle an d  also o f  
c lin ica l d istu rbances in  g o n ad o tro p h in  release.

A m o n g  th e  causes o f  p rim a ry  am enorrhea  a  defi­
ciency sta te  o f b o th  g o n ad o tro p h in s ( th a t is, o f  follicle- 
s tim u la tin g  ho rm one a n d  o f  lu te in iz in g  horm one) has 
been recognized as occurring  w ith  o r  w ith o u t hypo- 
fu n c tio n  o f  o th e r  p itu ita ry  h o rm ones, such as A C T H  
grow th  h o rm one a n d  th y ro tro p in . 3 ’'1 In  the  follow ing 
case iso lated  deficiency o f fo llicle-stim ulating  ho rm one 
p resen ted  as p rim a ry  am enorrhea .

Clinical Description
A  2 2 -y e a r - o ld  w o m a n  w a s  f irs t  s e e n  a t  t h e  H a d a s s a h  U n iv e r s i ty  

H o s p i t a l  i n  J u l y ,  1971 , f o r  e v a lu a t io n  o f  p r im a r y  a m c n c r r h e a .  S h e  
h a s  a  y o u n g e r  s i s te r  w i th  r e g u la r  m e n s t r u a t io n .  T h e r e  w a s  n o  fa m ily  
h i s to r y  o f  m e n s t r u a l  d i s tu r b a n c e ,  a n d  t h e  p a s t  h is to r y  w a s  n o n c o n ­
t r i b u to r y .  B re a s ts  a n d  s e x u a l  h a i r s r a r t e d  t o  d e v e lo p  a t  t h e  a g e  o f  13 
y e a rs ,  b u t  b r e a s t  g ro w th  w a s  q u i t e  m o d e s t .  A t  th e  a g e  o f  17, t h e  p a ­
t ie n t  f irs t  s o u g h t  m e d ic a l  a t t e n t io n  b e c a u s e  o f  a m e n o r r h e a .  F o r  a  
n u m b e r  o f  y e a rs  sh e  w a s  t r e a t e d  in t e r m i t te n t ly  w i th  a  s e q u e n t ia l  es- 
t ro g e n - p ro g e s te ro n e  p r e p a r a t io n  ( N o g e s t  S ) ,  w h ic h  p r o d u c e d  c y c li­
c a l  w i th d r a w a l  b le e d in g . M e n s t r u a l  b le e d in g  d id  n o t  o c c u r  in  r e ­
s p o n s e  to  t h e  a d m in i s t r a t i o n  o f  p r o g e s tin s ,  o f  p r e g n a n t  m a r c ’s s e r u m  
( G c s t1 1) o r  o f  c lo m ip h c n e . Jn  1969, a t  t h e  a g e  o f  19, s h e  w a s  g iv e n  a  
c o u r s e  o f  m e n o t r o p in s ,  o r  h u m a n  m e n o p a u s a l  g o n a d o tro p h in s  ( P e r ­
g o n a l-5 0 0 ) .  T w o  a m p o u le s  (1 5 0  I U  o f  fo l l ic le - s t im u la t in g  h o rm o n e  
a n d  150 I U  o f  l u te in iz in g  h o rm o n e , a c c o r d in g  to  th e  m a n u f a c tu r e r 's  
l i t e r a t u r e )  w e re  in je c te d  e a c h  d a y  fo r  5  d a y s .  S h e  d id  n o t  m e n s t r u a te  
a f te r  th e s e  in je c t io n s ,  a n d  sh e  w a s  to ld  t h a t  th e ra p y  h a d  n o t  b e e n  
s u c c e s s fu l  in  in d u c in g  o v u la t io n .

P h y s ic a l  e x a m in a t io n  o n  a d m is s io n  in  J u l y ,  1 9 7 1 , s h o w e d  a  
e u n u c h o id  p a t i e n t ,  h e r  h e ig h t  b e in g  163 c m  ( u p p e r  s e g m e n t ,  79  c m )  
a n d  h e r  s p a n  172 c m . S h e  h a d  p o o r  b r e a s t  d e v e lo p m e n t ,  b u t  n o r m a l  
a x i l l a r y  a n d  p u b ic  h a i r .  T h e  re s t  o f  t h e  e x a m in a t io n , in c lu d in g  
r o u t in e  b lo o d  e v a lu a t io n ,  w a s  u n r e m a r k a b le .  O l fa c to ry  a c u i ty  w a s  
n o r m a l ,  a n d  th e r e  w a s  n o  g a la c to r r h e a .  T e s t s  o f  t h y r o i d  f u n c -

F r o m  th e  d ep a rtm en ts  o f  C hem ical E ndocrino logy , O bstetrics an d  G y n e ­
cology a n d  Pathology, H ad assah  U n iversity  H osp ita l (address re p rin t re­
quests to  D r. R ab in  a t H adassah  U n iversity  H ospital, Jeru sa lem , Israel).

S u p p o rte d  in  p a r t by g ran ts from  th e  Israel C an ce r Society, th e  D ysau to - 
n o m ia  Society a n d  th e  Jo in t  F u n d  H a d assiih -H cb rew  U niversity .

stim ulating an d  luteinizing horm one, led to th e  a p p e a r ­
a n c e  of readily d e tec tab le  levels of follicle-stim ulating 
h o rm o n e  in th e  se rum  (betw een  10 an d  20 mlU p e r  
milliliter) th a t  felt to  less  than  3 mlU p er milliliter 48 h o u rs 
a fter th e  last injection of m enotrop ins. Luteinizing hor­
m one re lease  w as inhibited by in travenous injection of 
co n ju g a ted  e s tro g en , with rebound  to basal high values 
within th re e  days. Serum  luteinizing horm one levels 
w ere  un in fluenced  by clom iphene adm inistration; folli­
cle-stim ulating horm one w as no t m easu rab le  b e c a u s e  
of developm en t of an tibod ies to it. T he  defect in o u r 
p a tien t may be  a t th e  pituitary ra ther th an  th e  hypo­
thalam ic level.

t io n ,  in c lu d in g  p r o t e in - b o u n d  io d in e ,  s e r u m  t r i - io d o th y r o n in e  
— S e p h a d e x  (A m e s )  a n d  u p ta k e  o f  ra d io a c t iv e  io d in e ,  w e re  w i th in  
n o r m a l  l im its ,  a s  w a s  u r in a r y  e x c re t io n  o f  1 7 -k e to s te ro id s  a n d  1 7 -h y - 
d ro x y c o r t ic o id s .  X - r a y  fi lm s  o f  t h e  s k u ll, i n c lu d in g  th e  s e l la  t u r c ic a ,  
a n d  c h e s t  w e r e  n o r m a l .  T h e  b u c c a l  s m e a r  w a s  o f  a  f e m a le  p a t t e r n ,  
a n d  t h e  c h r o m o s o m e  k a r y o ty p e in  t h e  p e r ip h e r a l  w h i t e  ce lls  w a s  4 6 - 
X X .  A t  la p a r o s c o p y  ( J u 'y  1971) t h e  u te r u s  w a s  fo u n d  to  b e  h y p o ­
p la s t ic ,  a n d  t h e  o v a r ie s  e re  s m a l l ,  w h i t e  a n d  a n o v u la to r y .  A  d e ­
t a i l e d  in v e s t ig a t io n  o f  t h e  p a t i e n t  w a s  c a r r ie d  o u t  o v e r  t h e  n e x t  9  
m o n th s .  I n  M a r c h ,  1 9 7 2 , a t  b io p s y  o f  t h e  r i g h t  o v a r y ,  t i n y  f r a g m e n ts  
o f  o v a r ia n  t is s u e  w e r e  o b ta in e d .  H is to lo g ic  e x a m in a t io n  s h o w e d  
n u m e r o u s  p r im o r d ia l  fo llic le s  (F ig . I ) .  T h e r e  w e r e  o c c a s io n a l  g r a a f ­
i a n  fo ll ic le s  in  a  l a t e r  s t a g e  o f  m a tu r a t i o n  w i th  2  o r  3  c e ll la y e rs . M a ­
tu r e  fo llic le s  sh o w in g  a n t r a l  fo r m a t io n  w e re  n o t  s e e n . S te p  s e c tio n s  o f  
t h e  b io p s y  m a te r ia l  w e re  m a d e , a n d  a  s in g le  s t r u c t u r e  r e s e m b l in g  a  
c o r p u s  a lb ic a n s  w a s  fo u n d . H i l a r  ce lls  w e re  n o t  p r e s e n t  in  a n y  o f  t h e  
s e c tio n s .  T h e  o v e r a l l  h is to lo g ic  p i c tu r e  w a s  t h a t  o f  u n s t im u la t e d  fo l­
lic les .

Special Hormonal Investigations

G row th  h o rm o n e  was m easured  b y  im m unoassay , a  
single an tib o d y  system ,' w ith  se p ara tio n  o f “ b o u n d ” 
from  “ free” h o rm o n e  by d ex tran -ch arco a l ,6 being used . 
S erum  11 -oxycorticosteroids (“cortisol”) were assayed 
by the  fluo rom etric  m eth o d  o f  M a ttin g ly / Follicle- 
s tim u la tin g  a n d  lu tein izing  horm ones were d e te r­
m ined  by  rad io im m unoassay  w ith  use o f  a  d o u b le ­
a n tib o d y  system . 1’2 P itu ita ry  lu tein izing  ho rm o n e , 
generously  p rov ided  by D r. A. S. H artre e , was used  for 
io d in a tio n  purposes. R a b b it  a n ti-H C G  an tib o d y , a  " if t  
from  D r. S au l R osen, was em ployed in  a  final d ilu tio n  
o f  1:500,000. T h e  Second In te rn a tio n a l R eference 
P re p a ra tio n  o f  m enotrop ins was used as s ta n d a rd . In  
o u r im m u n o assay  system, 1 ng  o f H a r tre e  lu te in iz ing  
h o rm o n e  is eq u iv a len t to 8  m lU  o f  the  R eference P re p ­
a ra tio n . P itu ita ry  fo llicle-stim ulating  ho rm one (L E R  
1366), p rov ided  by  the  N a tio n a l P itu ita ry  A gency, w as 
used fo r io d in a tio n  purposes in o u r assay. R a b b it  a n t i ­
h u m a n  fo llicle-stim ulating  ho rm o n e  an tib o d y , a  g ift o f  
D r. W . D . O dell, was em ployed in a  final d ilu tio n  o f 
1:20,000; 1 ng  o f  (L E R  1366) is eq u iv a len t to 2.9 m lU  
o f th e  R eference  P re p ara tio n  in o u r  system . T h e  low er 
lim it o f  sensitiv ity  in o u r lab o ra to ry  is 0.6 m lU  p er

R e p r in te d  f ro m  th e  M -iv  E n g l a n d  J o u r n a l  o f  M e d i c i n e  

2 8 7 :1 3 1 3 -1 3 1 7  ( D e c e m b e r  2 8 ). 19 7 2
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Figure 1. Ovan,. Siopsy Taken in March, 1972 (Hematoxyiin 
and Eosin Stain > 125), Showing Numerous Primordial Folli­

cles.

tub e , u lnce  use a  m ax im u m  o f  0 . 2  m l o f  se ru m  per 
tube, th is corresponds to a  sensitiv ity  o f  3 m lU  o f  folli­
c le-stim u la ting  horm „r,e  per m illilite r o f serum . S e ru m  
estradiol-17/8 was m easured  by  a  rad io im m u n o assay  
m e th o d . 8 S erum  was ex trac ted  w ith  ether, a n d  th e  ex­
tra c t w as filtered on a  S eph ad ex -L H  20 co lum n. T h e  
es trad io l frac tio n  w as collected  a n d  assayed in  a n  assay 
system  em ploy ing  trace r  3H -estrad io l, an d  a n tie s tra ­
d io l an tise ru m , a  gift o f  D r. F. D ray , in  a  final d ilu tio n  
o f 1:90,000. S ep ara tio n  o f  “b o u n d ” from  “ free” e s tra ­
d iol w as ach ieved by dex tran -ch arco a l p re c ip ita tio n .6 

P ro ced u ra l losses w ere m on ito red  by  ad d itio n  o f  la ­
beled  ste ro id  to the  p lasm a.

R e s u l t s

R esu lts o f th e  special h o rm o n al investigations a re  
show n in  Figures 2 a n d  3.

Serum  Growth Hormone and “ Cortisol"

In teg rity  o f g row th  h o rm one release was ev a lu a ted  
a fte r  th e  ad m in is tra tio n  o f  insulin  (Q.l U  per k ilog ram  
o f  bod y  w eight). Serum  glucose levels fell a fte r insulin  
from  70 to 30 m g p er 100 ml. G row th  horm one levels, 
u n d e tec tab le  before hypoglycem ia, rose to 50 n g  p er 
m illilite r — th a t  is, release was in ta c t (no rm al ran g e  
a fte r  insu lin  hypoglycem ia, 7 to 50 n g  p er m illiliter). 
T h is  is p ro b ab ly  also tru e  for A C T H  release, since co rt­
isol levels in  scrum  rose to  26 jig per 1 0 0  m l afte r insu lin  
(n o rm al range after insulin  hypoglycem ia, 18 to 35 [xg 
p e r 1 0 0  m l).

23 27 1 5  9 13 H
JULY 1971 NOVEMBER 1971

Figure 2. Serum  Luteinizing Hormone (LH) and Follicle-Stimu­
lating Hormone (FSH) Levels M easured in July and Again in 
November, 1971, before (November 1 and 2), during (Novem­
ber 3-16) and  after (November 17 and 18) Administration of 

Menotropins.
The d o sag e  is given In am poules injected; 1 am poule con ta in s 
the equivalent of 7 5 IU of follicle-stimulating horm one and 7 5 IU 

of luteinizing hormone.

lierum  Luteinizing Hormone, Follicle-Stimulating Horm one 
and  Estradiol-17/;

Basal values. B asal values o f  serum  im m u n o rea c tiv e  
lu te in iz in g  ho rm o n e  w ere high. T h e  n o rm a l ranges fo r 
m e n s tru a tin g  w om en in  o u r la b o ra to ry  a re  8  to  25 
m lU  p e r  m illilite r (p ro lifera tive phase), 50 to 200 m lU  
p e r  m illilite r  (a t  tim e  o f  lu te in iz ing  h o rm o n e  su rge) 
a n d  5 to 15" m lU  p er m illilite r (secretory phase). In  o u r  
p a tie n t, th e  ran g e  o f  values w as very  w ide, b e tw een  30 
a n d  200 m lU  p er m illilite r (Fig. 2 a n d  3). O f  69 se ru m  
sam ples assayed, 47 w ere betw een 50 a n d  90 m lU  p e r  
m illiliter.

S erum  fo llic le-stim ulating  h o rm one, on the  o th e r  
h a n d , w as u n d e tec tab le  (less th an  3 m lU  p e r m illilite r)  
w hen  m easu red  repeated ly  on  six occasions in J u ly ,  
1971, a n d  ag a in  on  N o v em b er 1 a n d  2, 1971 (F ig . 2  ). 
Levels o f  se rum  estradiol-17/3 w ere u n d e tec tab le  (less 
th a n  10 p g  per m illiliter) in Ju ly , 1971.

Response co menotropins. O u r  p a tie n t received a  course

LH 40 m/U/m/

— 7/ 31 33 33 3t 35 3S 37 3i 3:
N O V E M B E R  1971

Figure 3. Serum  Luteinizing Hormone (LH) Levels before and  
after Intravenous Administration of Conjugated Equine 

Estrogens.



o f  m en o tro p in s (Pergonal 500, h u m an  post-m enopau­
sal g o n ad o tro p h in s, Is titu to  F arm acologica Serono, 
R o m a , a n d  Ik ap h a rm  L im ited , R a m a t G an, Israel). 
She in itia lly  received 2 am poules daily  by in tram uscu ­
la r  in jec tion  fo r n ine  days, a n d  then  o n  N ovem ber 11, 
th e  dose w as increased  to 3 am poules. . - * o. d i : . »-
ness, w eakness a n d  nausea, th is the-.-py ■ . 'theli
bn  N o v em b er 12 a n d  14,1971, a n d  was s . , N o­
vem ber 16 (F ig . 2). D u rin g  th e  period  o. •• ‘ ipins
a d m in is tra tio n , lu tein izing  ho rm o n e  levc. . i one
excep tion  flu c tu a ted  betw een  80 a n d  120 m lU  p e r m il­
lilite r. Levels o f  fo llicle-stim ulating  h o rm one becam e 
d e tec tab le  in  serum  on  th e  th ird  m o rn in g  o f  therapy  
(i.e., a f te -  tw o injections o f  2  am poules); levels w ere re­
co rded  d u r in g  th e  en tire  p erio d  o f  adm in istra tio n  (Fig. 
2), w ith  values fluc tu a tin g  betw een 10 a n d  20 m lU  per 
m illiliter. T h ese  values are  s im ila r to those observed in 
u n p u b lish ed  observations o n  o th er pa tien ts w ho have 
received co m p arab le  dosage schedules o f  m enotropins. 
O n  th e  m o rn in g  afte r th e  las t injection (N ovem ber 17, 
1971) levels o f  fo llic le-stim ulating  horm one were a t  the 
lim it o f  sensitiv ity  o f  o u r m e th o d  (3 m lU  p e r m illiliter), 
a n i o n  th e  fo llow ing m o rn in g  (N ovem ber 18,1971) six 
in d iv id u a l sc ru m  sam ples show ed undetec tab le  levels
(FIS- 2 ).

S erum  estrad io l levels m easured  on  N ovem ber 16, 
1971, w ere s till u n d e tec tab le  (less th a n  10 p g  per m illil­
iter). T h e  on ly  clin ical suggestion  o f  enhanced  estrogen 
ac tiv ity  a f te r  m eno trop ins ad m in istra tio n  was ob ­
ta in ed  from  ex am in a tio n  o f  the  u rin ary  sedim ent. 
M o rn in g  sed im ents w ere sta in e d  by the  P ap an ico laou  
m e th o d . 9 T h e  base-line m a tu ra tio n  index was 1 0 0 /0 /0  
— th a t  is, 1 0 0  p e r  cen t o f  th e  cells w ere parab asa l, an d  
th e re  w ere no  in te rm ed ia te  o r  superficial squam ous 
cells. O n  N ov em b er 7, 1971, afte r 12 am poules o f 
m eno trop ins , th e  index h a d  n o t changed. F our days 
la ter, a f te r  2 1  am poules, a  sh ift to in term ed ia te  an d  su ­
perficial sq u am o u s cells, co m p atib le  w ith  m ild  estro­
gen effects, took  place in  th e  m a tu ra tio n  index 
(5 1 /4 7 /3 ) . T h is  change was n o t m ain ta in ed , however, 
since on  N o v em b er 12 th e  index  was 8 0 /2 0 /0  an d  five 
days la te r, it  w as 9 0 /1 0 /0 .

Response to conjugated estrogens. O n  N ovem ber 18,1971, 
2 0  m g  o f  co n ju g a ted  eq u in e  estrogens (P rem arin , 
A yerst) was ad m in istered  in travenously  (Fig. 3). Som e 
4 ‘/z hou rs  la te r , lu tein izing  ho rm one levels began  to 
fall, reach in g  a  n a d ir  o f  13 m lU  per m illiliter on  the 
follow ing d ay . Levels rem ained  suppressed for 48 hours 
a n d  by N o v em b er 21, h ad  re tu rn ed  to basal h igh  val­
ues. S erum  follic le-stim ulating  ho rm one levels, as m en­
tioned  previously , were u n d e tec tab le  on the  d ay  o f  es­
trogen  a d m in is tra tio n  (less th a n  3 m lU  p er m illiliter). 
I t  was n o t possib le to assess endogenous levels fu rther 
in this p a tie n t, since by th e  follow ing m orn ing  (N o­
vem ber 19), the re  was ev idence in th e  p a tie n t’s serum  
o f  an  a n tib o d y  to h u m a n  fo llicle-stim ulating  horm one, 
.-■.ntibody w as n o t detected in  serum  sam ples ob ta ined  
b -fore m en o tro p in s ad m in istra tio n  in N ovem ber, 
1971. T h e  an tib o d y  was show n to be specific for 
h u m a n  fo llic le-stim ulating  horm one. L u te in iz ing  hor­

m one was u n a b le  to com pete  w ith  ,25I-labeled  follicle- 
s tim u la tin g  ho rm o n e  fo r b in d in g  to th e  an tib o d y  a n d  
th e  p a tie n t’s se rum  was n o t capab le  o f  b in d in g  tracer 
q u an titie s  o f  lu tein izing  horm one.

Response to clomiphene. I n  J a n u a ry , 1972, c lom iphene, 
75 m g daily , w as given b y  m o u th  fo r five days. T h ere  
w as no ch ange in  basal bod y  tem pera tu re , a n d  th e  lu­
te in iz ing  h o rm o n e  levels rem ained  h igh, averag in g  60 
m lU  p e r m illiliter. I t  w as n o t  possible to  assess endoge­
nous levels o f  fo llic le-stim ulating  h o rm o n e  a t  th is 
stage, because o f  th e  presence o f  an ti-fo ilic le-stim ulat- 
in g  h o rm o n e  an tib o d y  in  th e  p a tie n t’s serum . N o 
c h an g e  in  th e  c ircu la tin g  levels o f  a n ti-h u m a n  follicle- 
s tim u la tin g  h o rm one an tib o d y  w as no ted  a t  th a t  
tim e.

Discussion

T h ere  is s tro n g  evidence in  o u r p a tie n t to su p p o rt the  
diagnosis o f  iso la ted  deficiency o f  fo llic le-stim ulating  
ho rm one. R e g a rd in g  secre tion  o f  o th e r  p itu ita ry  h o r­
m ones, w e d id  n o t ev a lu a te  p ro lac tin  release, b u t re­
lease o f  g row th  horm one, m easured  d irectly , was in ­
tac t, a n d  there  w as good, a lth o u g h  ind irect, evidence 
fo r n o rm al secre tion  o f A C T H  a n d  th y ro tro p in . S erum  
lu tein izing  ho rm o n e  levels w ere in  the  postm enopausal 
ran g e , w hereas serum  levels o f  follicle-stim ulating  h o r­
m o n e  w ere repea ted ly  u n d etec tab le . C ircu la tin g  levels 
w ere read ily  m easu red  in  o u r  p a tien t a f te r  she h ad  re­
ceived two in jections cach  con ta in in g  150 IU  o f  folli­
c le-stim u la ting  ho rm o n e  equivalent.

T h e re  a re  a  n u m b er o f  c lin ical situa tions in  w hich  
th e re  is d issociation  o f  g o n ad o tro p h in  levels in  serum  
w ith  h igh  c ircu la tin g  lu te in iz in g  ho rm o n e  a n d  low  o r 
n o rm a l fo llic le-stim ulating  ho rm one levels. Y en, V e la  
a n d  R y a n  h av e  repo rted  such findings in th e  polycys- 
tic-ovary  sy n d ro m e . 10 J u d d  e t  a l . 11 a n d  o u r  g roup  (in  
stud ies n o t y e t pub lished) hav e  observed a  sim ilar p ro ­
file in  the  fem in iz ing  testis syndrom e. O u r  p a tie n t 
clearly  does n o t fall in to  e ith er o f  these categories. A da- 
m opoulos a n d  h is co-w orkers12 have  repo rted  low u r i­
n a ry  fo llic le-cum ulating  ho rm o n e  levels an d  h ig h  u r i­
n a ry  lu te in iz in g  ho rm o n e  levels (as m easured  by  b ioas­
say) in  a  case o f  p rem a tu re  ovarian  failu re . O u r  ow n 
experience w ith  a  g roup  o f  pa tien ts w ith  th is syndrom e 
is d isc o rd an t w ith  this repo rt. Serum  fo llicle-stim ulat­
ing  h o rm one a n d  lu te in iz ing  horm one were elevated  to 
levels generally  observed in  post-m enopausal w om en. 
F u rth e rm o re , w hereas ov a rian  biopsy revealed  absence 
o f  p rim o rd ia l follicles in  th e  p a tien t w ith  p rem a tu re  
o v a rian  fa ilu re , described by  A dam opoulos a n d  his col­
leagues, a  q u ite  d ifferent p ic tu re  was seen in o u r p a ­
tien t.

B iopsy o f  th e  p a tie n t’s r ig h t ovary  revealed a  p ic tu re  
co m p atib le  w ith  deficiency o f  fo llic le-stim ulating  
horm one. L a rg e  num bers o f  p rim o rd ia l follicles w ere 
observed, b u t  th e re  was little  m a tu ra tio n  o f the  follicle, 
w ith o u t a n tra l  fo rm ation . T h e  overall p ic tu re  w as th a t  
o f  a n  ovary  u n stim u la ted  b y  the  horm one. Such  evi­
dence as th e re  w as for fo llicu lar d evelopm en t (follicles 
co n ta in in g  u p  to th ree  cell layers a n d  possible evidence



o f  corpus alb icans) m ay  hav e  been consequent upon the 
th e rap y  th a t  she h ad  received in 1969.

P rim ary  am en o rrh ea , absence o f  c ircu lating  follicle- 
s tim u la tin g  horm one, a n d  a  histolog.i p ic tu re  o f  an  
ovary  u n stim u la ted  by th e  ho rm one were associated 
w ith  u n d e tec tab le  levels o f c ircu la ting  estradiol 17/8 
(less th a n  1 0  pg  per m illiliter) an d  h igh lutein izing  ho r­
m one levels. P itu ita ry  g ro w th  horm one, A C T H  an d  
th y ro tro p in  secretion a p p e a re d  in tac t. P ro lac tin  was 
n o t ev a lu a ted  in o u r p a tie n t. T h e  constella tion  seems 
to fulfill c rite ria  for a  diagnosis o f  isolated deficiency of 
fo llic le-stim ulating  horm one.

T h ere  a re  several p a th o lo g ic  sites th a t  m ay  accoun t 
for th e  absence o f  c ircu la tin g  follicle-stim ulating h o r­
m one in o u r pa tien t. In  th e  first place, th e  p itu ita ry  
g land  m ay  be  incap ab le  o f  synthesizing th e  horm one. 
Secondly, release m ay  be im p a ire d  because o f  failure o f  
release o f  fo llic le-stim ulating  horm one releasing factor 
from  th e  h y p o th a lam u s in to  the  p o rta l c i r c 'a t io n  
supp ly in g  the  p itu ita ry  g la n d . 13"15 Schally a n a  his col­
leagues13' 14 have  show n th a t  injection o f  lutein izing  
ho rm one releasing  fac to r raises serum  levels o f lu tein iz­
ing a n d  fo llic le-stim ulating  horm ones, a n d  believe th a t  
one p ep tid e  regulates secre tion  o f  bo th  hormone-:, b u t 
there m py be o th er facto rs o f  hypo th a lam ic  origin 
reg u la tin g  release o f  fo llicle-stim ulating  horm one.

I t has been show n in ch ild ren  w ho were previously 
th o u g h t to have  “ p itu ita ry  hypo thy ro id ism ,” an d  in 
w hom  serum  th y ro tro p in  levels were low, th a t  the a d ­
m in istra tion  o f  th y ro tro p in  releasing  horm one resulted 
in a  n o tab le  rise o f th y ro tro p in  in seven o u t o f  the e ight 
subjects s tu d ied . 10 M a rtin  e t a l . 11 have reported  on two 
p atien ts in w hom  a  h y p o th a lam ic  origin fo r defective 
p itu ita ry  function  ap p e a re d  likely. By analog )’ w ith  
these reports, th e  defect in o u r  pa tien t m ay  sim ilarly  re­
side a t  th e  h y p o th a lam ic  level, w ith  selective failure o f 
synthesis o r  release o f  fo llic le-stim ulating  horm one re­
leasing facto r. W e do n o t fav o r this hypothesis, howev­
er, irrespective o f  w hether w e consider the concept th a t  
lu tein izing  h o rm one releasing  factor is iden tical w ith  
fo llicle-stim ulati / ;  h o rm o n e  releasing facto r o r th a t  
b o th  horm ones p i c  c o n tro lle d  by different releasing 
horm ones.

Serum  levels o f  lu te in iz ing  horm one w ere persistent­
ly h igh  in o u r patiim t. I f  lu te in iz in g  horm one release is 
being  d riven  by th a t h o rm o n e ’s releasing factor, an d  if 
th a t  fac to r is iden tical to fo llic le-stim ulating-horm one 
releasing fac to r a  h y p o th a la m ic  cause for absence o f  
c ircu la tin g  fo llic le-stim ulating  horm one in o u r p a tien t 
is no t very likely. T h is is sim ilarly  so if we accept the a l­
te rn a te  view th a t  releasing  factors for follicle-stim ulat­
ing  a n d  lu te in iz ing  horm ones a re  separa te  horm ones. 
T h is  follows from  ev idence th a t  lutein izing  horm one 
releasing fac to r does effect a  rise in serum  follicle-stim- 
u la tin g  h o rm one levels, even if it is no t the “specific” 
releasing ho rm o n e  o f  fo llic le-stim ulating  ho rm one . 11 

Since lu te in iz ing  h o rm o n e  releasing factor was p re ­
su m ab ly  fu nction ing  in o u r  p a tien t, b u t levels o f  folli­
c le-stim ula ting  ho rm one w ere undetec tab le , we lean 
tow ard  a  non h y p o  th a la m ic  site o f  her defect.

A ccordingly, we suspect b u t c a n n o t a t  presen t p ro v e  
th a t  absence o f c ircu la ting  fo llic le-stim ulating  h o r­
m one is consequent u p o n  a  p itu ita ry  lesion, possibly 
failu re  o f  synthesis o f  the g lycoprotein . T h is  m ay  a c ­
cou n t for failure o f  developm ent o f im m uno log ic  to le r­
ance to the  horm one, an d  su b sequen t a p p ea ran ce  o f  
h u m an  a n ti-h u m a n  an tib o d y  in  o u r p a tie n t a f te r  
m enotrop ins adm in istra tio n . T h e  p a tie n t’s se rum  
failed to b in d  lu tein izing  h o rm o n e  n o r d id  th a t  h o r ­
m one com pete w ith  labeled  fo llic le-stim ulating  h o r ­
m one fo r b in d in g  to  serum . In  circum stances o f  ab so ­
lu te fo llic le-stim ulating  h o rm o n e  deficiency, th e  
ad m in istra tio n  o f  u rin a ry  fo llicle-stim ulating  ho rm o n e  
could  be  viewed as th e  in tro d u c tio n  o f  a  foreign a n t i ­
gen, a n d , accord ing  to  classic im m uno log ic  concepts, 
o u r p a tie n t w ould  n o t have im m uno log ic  to lerance  to 
the glycoprotein.

We arc indebted to Drs. Jesse Roth, Saul Rosen, G. Sceger Jones 
and W . D. Odell for helpful criticism and suggestions, to Dr. A. S. 
H artree, who generously provided us w ith purified hum an lu tein iz­
ing hormone, to Dr. D. R. Bangham, who provided the 2d IR P - 
H M G  standard , to M rs. V. Pfeiffer and  Miss S. Tapuchi for tech­
nical assistance and  to Miss Esther Ben D avid, who performed the 
estradiol-17/3 estimations in this patient.
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Development of Anti-human FSH Antibody in a Patient 
with Isolated FSH Deficiency
IRVING SPITZ, JULIAN BELL, GILA ARAD, ROBERT BENVENISTE, a n d  
DAVID RAB INC WITZ

Department o f Chemical Endocrinology. Hadassah University Hospital, Jerusalem, Israel

ABSTRACT. Antibodies to human FSH  were 
documented in the serum of a patient previously 
shown to have isolated FSH deficiency. These anti­
bodies developed subsequent to the administrai ion 
of a second course of Human Menopausal Gonado­
trophins (Pergonal 500). Using the ammonium 
sulfate precipitation method, antibodies were de­
tected in the first week after cessation of Pergonal 
500 therapy. Characterization of the antibody 
showed that (a) it was associated with the IgG

HUM AN menopausal gonadotrophins 
(hM G )1 have been widely used thera­

peutically over the last decade in the treat­
ment of infertility. In the United States alone, 
3000 courses of therapy have been adminis­
tered to over 1200 women (1 ). This paper 
describes the appearance of specific anti­
bodies to human FSH in the serum of a 
patient who had received two courses of treat­
ment with hMG (Pergonal 500). To our 
knowledge the development of antibodies to 
this agent has hitherto not been described.

The subject CR is a 2 2-yr-old female with 
isolated deficiency of FSH (2 ) . She presented 
with primary amenorrhoea, and on investiga­
tion showed persistently elevated levels of 
serum LH (generally between 50-90 m lU /  
ml) while serum FSH levels were undetect­
able; that is, less than 3 m lU /m l or 0.6 
m lU  per tube, which is the lower limit of 
sensitivity of our FSH immunoassay in which 
we employ 0.2 ml serum per tube. hGH re­
lease was intact and no abnormalities were 
detected in thyroid or adrenal function. Per-

Received September 19, 1972.
i ABBREVIATIONS: FSH Follicle Stimulating 

Hormone; L H  Luteinizing Hormone; hMG Human 
Menopausal Gonadotrophins; hGH Human Growth 
Hormone; 2 nd IRPhM G Second International Ref­
erence Preparation-Human Menopausal Gonado­
trophins.

fraction of the patient’s serum; (b) addition of 
excess Pergonal 500 lead to rapid dissociation of 
1 2 5 I-FSH  binding to scrum; (c) pituitary FSH 
(LER-1366) and 2nd IRP-hM G, but not Hartree 
hum," LH, displaced 1 2 5I-FSH  tracer bound to 
serum and (d) there was no binding of tracer 
insulin, hGH and LH  by serum.

Antibody has remained detectable over a 5- 
month period of observation. ( /  Clin Endocrinol 
M etab  36: 684, 1973)

gonal 500 was first administered to the pa­
tient in 1969 (2 ampoules per day for 5 days) 
each ampoule containing, according to the 
manufacturer, 75 IU  of FSH and 75 IU  of 
LH. The second course was administered in 
November, 1971, and consisted of 30 am­
poules given over a 15-day period. The po­
tency of this batch of Pergonal 500 (Human 
Post-Menopausal Gonadotrophin, Istituto 
Farmacologico Serono, Roma and Ikapharm 
Ltd., Ramat Gan, Israel) was checked in our 
immunoassay system and was found to be 
close to the manufacturer’s stated content of 
75 IU  FSH  per ampoule.

Three days after the completion of the 
second course of Pergonal 500, her serum 
showed the apparent appearance of endog­
enous FSH; that is, there was a fall in the 
percent of 12i;I-labeled FSH bound to rabbit 
anti-human FSH antibody and precipitated 
by goal anti-rabbit IgG. We suspected that 
the fall in B /F  was in fact due to the devel­
opment by our patient of an antibody to 
Pergonal 500. This isoantibody (human anti­
human FSH ) would bind labeled FSH, but 
would not be precipitated by our goat anti­
rabbit IgG, accounting for the apparent en­
dogenous FSH.

This report describes the characteristics of 
the human anti-human FSH antibody in our 
patient.

684
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M a te r i f i . an d  M e th o d s

T h e  immunoassay yy.-um  for F S H  r.i Odell 
and h is colleagues w as employed (3 ) .  H um an pi­
tu ita ry  F S H  (LER. 1366; .vas labeled w ith 125I  
to a  specific ac tiv ity  of 10-50 p C i/p g . R abb it 
an ti-hum an  FSH  antiserum , k indly  provided b y  
D r. W . D , Odell w as used  in a  final d ilu tion  of 
1:20,000. T h e  2nd IR P h M G  was used as s ta n ­
dard . In  our system  1 ng  L E R  1366 is equivalent 
to 2.9 m lU  of 2 nd IR P h M G .

A m odification of th e  am m onium  su lfate  p re­
cip ita tion  method of F a r r  (4) was used to detect 
the presence of antibodies to F S H  in  the  p a ­
tien t’s serum . T h e  buffer em ployed was phos­
p h a te  saline buffer (0.01m , p H  7.6) containing 
1%  bovine serum  album in (PB S-B SA  1 % ). 
N orm al pooled serum  used in  some studies had 
an  F S H  concentration of 24 m lU /m l. P relim i­
nary  experim ents established th a t  neither use of 
serum  w ith  high endogenous F S H  concentration 
(100 m lU /m l)  nor addition of cold F S H  (125
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F i g . 1. Binding of tracer labeled FSH  to patient’s 
serum a t  different dilutions of serum. Conditions of 
incubation are indicated. Also shown is % binding 
of the tracer FSH employing a rabbit anti-human 
FSH  antibody (Odell) to a final dilution of 1:2000 
(13) , and “non-specific” binding of tracer to normal 
serum (B ) .

F ig . 2. Precipitation of tracer labeled FSH incu­
bated with increasing volumes of patient’s serum by 
goat anti-human IgG. Included are results with simi­
lar volumes of control pooled serum.

mlU/ml) to normal serum influenced the non­
specific precipitation of 125I-FSH incubated in 
the absence of antibody.

R esu lts

Results are shown in Figs. 1-6 and in 
Table 1.

Quantitation o f ammonium sulfate concen­
tration required to effect selective precipita- 
tiOTi of liBI-F S H  bound to antibody

A series of tubes was set up containing 
normal pooled serum (0.2 m l), rabbit anti­
human FSH (0.1 ml, giving a final dilution 
of 1:20,000) and labeled FSH (0.1 ml con­
taining 4000 cpm and approximately 0.2 ng 
F SH ). Tubes containing all reagents but 
without antibody served as controls, and, 
in both series, the volume was made up to 
1 ml with buffer. After incubation at room 
temperature for 16 hr, a constant volume of 
ammonium sulfate (1 ml) was added in final 
concentrations ranging from 5-50% . The 
tubes were shaken, centifuged at 2000 rpm 
for 30 min, separated and counted in a 
Packard autogamma counter. Optimum sepa­
ration of FSH bound to antibody from free 
FSH was achieved with 40% ammonium
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F ig . 3. Sequential study of 
patient’s serum showing ap­
pearance of binding of 1 2 0I- 
FSH  to her serum (measured 
by %  of tracer precipitable by 
ammonium sulfate). Parallel 
appearance of “FSH ” in pa­
tient’s serum is also shown (as 
measured under routine condi­
tions of the double antibody 
FSH  method).

sulfate, and this was subsequently used for 
all further experiments. “Non-specific” pre­
cipitation of 125I-FSH never exceeded 20%. 
Passage of labeled FSH over a Sephadex 
G-75 column prior to incubation decreased 
this precipitation at all concentrations of 
ammonium sulfate. The inference is that 
damaged components present in the labeled 
product bind non-specifically to serum pro­
teins and are consequently precipitated with 
ammonium sulfate.

Examination o f -patient's serum

An aliquot of the patient’s serum taken 5 
months after the second course of Pergonal

T a b l e  1 . Results of screening of 26 women who 
had received Pergonal for ability to bind 1 2 5 I-FSH*

. Serum examined
Courses

of During 1-3 Week: 4-12 Weckr
treatment course after cou;rc ati^r v-u Jtti:

One 4 (12-22% ) 3 (11-14% ) 3 ( 1 1 - 1 6 %)
Two 7 (10-15% ) 4 (16-23% ) 1 (16% )
Three 3 (12-20% )
Four 1 ( 1 0 %)

* courses of treatment refers to number of courses 
of treatment with Pergonal 500 which patient had 
received a t the *ime that her serum was examined. 
This is subdivided further into 3 periods either 
during, 1-3 weeks after, or 4-12 weeks after treat­
ment. The first figure refers to the number of pa­
tients in each group. The figures in parentheses arc 
the range of the % 125I-FSH  precipitable by am­
monium sulfate, after standard incubation as de­
scribed in the text Normal pooled serum showed 
2 0 % non-specific pi capitation.

500 (April, 1972) gave an “apparent FSH  
level” of 17 m lU /m l. Tubes contJi ing 0.2 
ml of serum and 0.1 ml of tracer FSH were 
made up to 1 ml with buffer (i.e., final dilu­
tion of serum =  1:5 ). Progressively decreas­
ing aliquots of the patient’s serum were made 
up to 0.2 ml with normal pooled serum, 
tracer FSH and buffer was added to give 
final dilution of the patient’s serum up to 
1:80. Incubations were carried out at room 
temperature for 16 hr as detailed above. 
Under these conditions, rabbit anti-human 
FSH (in a final dilution of 1:2000) in­
cubated with normal pooled serum showed

a

5

T i n e  I H O U P S l

Fig. 4. Incubation study employing tracer 1 2 5 I-FSH 
and patient’s serum demonstrating (a) time course 
of binding of tracer to patient's serum, as shown by 
progressive increase in percent of tracer precipitated 
by ammonium sulfate, (b) ability of cold FSH  (Per­
gonal 500) to displace tracer FSH from patient’s 
serum, with resultant fall in percent of tracer pre­
cipitated by ammonium sulfate.
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precipitation of 75% of the tracer FSH while 
normal pooled serum alone showed 19% 
precipitation. At 1:5 dilution, the patient’s 
serum precipitated 70% of the tracer and 
this fell progressively to 21.5% at a dilution 
of 1:80 (Fig. 1). In contrast, incubation of 
the patient’s serum taken prior to Pergonal 
500 administration gave values indistinguish­
able from control pooled serum. These results 
demonstrated that the patient’s serum had 
developed the capacity to bind 125I-FSH.

The same serum was then incubated with 
125I-FSH, employing between 1-50 [4 of

P IT U IT A R Y  L H IH A R T R E E )

p i r u i T A m  F s m t - E R m s )

20
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F ig . S. T racer displacement curves of 2nd 
IRPhM G, Pituitary FSH (LE R  1366) and Pergonal 
500 using tracer 12!iI  FSH and 1 :4 dilution (50 nl) 
of patient's serum as sources of anti-FSH antibody. 
In  top panel results of an experiment using Hartree 
LH are shown. The LH failed to displace tracer in 
concentrations up to 1 0 0 0  mlU.

12000

JOOOO

e o o o

X 2000

SO 10020
Z ^ d  1 R P -H M G , m lU / lu b e

F ig . 6 . A tracer displacement cur/e employing pa­
tient’s serum, tracer 1 2 5 I-FSH  and 2nd IRPhM G 
(Fig. 6).

serum and made up with PBS-BSA 1% to a 
final volume of 200 |4. After remaining at 
room temperature for 16 hr, 100 nl of goat 
anti-human IgG (kindly supplied by Dr. E. 
Shapiro) was added and the tubes were in­
cubated for 1 hr at 37 C and then for 24 hr 
at room temperature. Following centrifuga­
tion, the supernatant was aspirated and both 
precipitate and supernatant were counted. 
Normal pooled serum was incubated under 
identical conditions. Fig. 2 displays the re­
sults of this experiment. Maximum precipi­
tation with a constant volume of goat anti­
human IgG was achieved using between 15 
and 25 nl of patient’s serum. Thirty-five per 
cent of tracer FSH was precipitated. Em­
ploying normal pooled serum, 5% or less of 
tracer FSH was precipitated with all vol­
umes of serum.

We have examined sera from 26 other 
subjects who had received one or multiple 
courses of Pergonal 500 for ability to bind 
125I-FSH  (Table 1). Using the ammonium 
sulfate precipitation method, values were in­
distinguishable from that of normal pooled 
serum.
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Sequential profile of patient’s anti-FSH  anti­
body

Fig. 3 displays studies of the patient’s 
serum before, during and after Pergonal 500 
administration. In these studies the patient’s 
serum was measured in our regular FSH im­
munoassay. In addition, 25 (4 of patient’s 
serum, and tracer FSH to a final volume of 
100 Hi was incubated at 4 C for four days 
prior to ammonium sulfate precipitation. 
Precipitable 125I-FSH in all serum samples 
both before and during Pergonal 500 treat­
ment was indistinguishable from that of con­
trol pooled serum (20% ). However, three 
days after the last injection of Pergonal 500, 
precipitable radioactivity had risen signifi­
cantly and ultimately reached a value of 
66% 14 days after the last Pergonal 500 in­
jection. Five months later, the percent of 
precipitable radioactivity had decreased only 
slightly to 58% (Fig. 3 ) . Serum FSH levels 
were undetectable before Pergonal 500 ther­
apy, reached values between 10-20 m lU /m l 
during Pergonal 500 therapy and fell to un­
detectable levels by the 2nd day after cessa­
tion of Pergonal 500. Paralleling the appear­
ance of FSH binding activity in serum, 
“endogenous FSH” levels were measurable 
in the patient’s serum (Fig. 3 ), the observa­
tion which had first alerted us to the possi­
bility of antibody.

Dissociation of 125I-F SH  from  antibody by 
addition of excess cold Pergonal 500

An aliquot of the patient’s serum (2.5 ml) 
was incubated with an equal volume of nor­
mal pooled serum and labeled FSH. The 
volume was made up to 25 ml with buffer. 
At 10-min intervals, 0.5-ml aliquots were 
removed from the pool and the radioactivity 
precipitated by 40% ammonium sulfate was 
measured. The percent of precipitable counts 
increased progressively, reaching 31% at 
100 min. (Fig. 4). After 120 min of incuba­
tion, the pool was divided into two; Pergonal 
500 (5IU /m l) was added to one portion, with 
the second remaining as the continuing un­
altered incubation. Aliquots (0.5 ml) from

both tubes were centrifuged at 10-min inter­
vals following the addition of ammonium sul­
fate. Progressive displacement of the tracer 
in the pool containing Pergonal 500 was evi­
dent (Fig. 4 ) . Ninety minutes ufter the addi­
tion of Pergonal 500, binding in the latter 
had fallen to 18.5%, whereas the second un­
altered pool showed 31% precipitable radio­
activity. After 20 hr the figures were 17 and 
48% for Pergonal 500 enriched and control 
tubes respectively. Since “non-specific tracer 
precipitation” (i.e. precipitation of 125I-FSH  
in the absence of antibody) usually varied 
between 18 and 20%, addition of excess cold 
Pergonal 500 caused close to maximal dis­
placement of label from the patient’s serum 
antibody.

Tracer displacement curves utilizing patient’s 
serum as antibody

In these experiments, 50 pi of serum was 
incubated with 25 nl of tracer FSH, 75 nl of 
buffer and 50 [4 of cold hormone in the 
desired concentration for 4 days at 4 C. Sep­
aration of bound and free hormone was per­
formed employing 40% ammonium sulfate 
precipitation. In this series of experiments, 
“non specific” precipitation was 8% and max­
imal precipitation in the absence of cold 
hormone was 40%. Fig. 5 displays standard 
curves obtained with 2nd IRPhMG, pituitary 
FSH (LER 1366) and Pergonal 500. These 
three preparations give identical tracer dis­
placement curves, when data were expressed 
in terms of 2nd IRP-hMG equivalents; 50% 
inhibition of binding was achieved in the 
presence of 3 to 5 m lU  FSH equivalent with 
each of the three preparations.

Fig. 6 displays a more detailed standard 
curve constructed with 2nd IRPhMG em­
ploying identical incubation conditions to 
those described above.

Specificity o f the anti-FSH antibody

Aliquots of the patient’s serum were in­
cubated with tracer quantities of labeled LH, 
insulin and hGH. Preliminary studies had 
shown that with these three tracers, optimal 
separation of antibody-bound from free hor­
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mone occurred with a 35%  concentration 
of ammonium sulfate. The patient’s serum 
failed to bind tracer quantities of LH, insulin 
or hGH. An experiment was also made to 
determine whether LH would displace labeled 
FSH bound by the patient’s serum. Addition 
of up to 125 ng of Hartree LH failed to effect 
displacement (Fig. 5 top panel). Under our 
assay conditions for LH 1 ng of Hartree LH  
is equivalent to 8 m lU  2nd IRPhMG.

The patient had also received a course of 
Pregnant Mare’s Serum in the past [Gestyl]. 
Gestyl in concentrations up to 5 IU  failed 
to displace labeled FSH from the patient’s 
serum.

Discussion

We have shown the appearance of anti­
human FSH antibody in the serum of a pa­
tient with isolated deficiency of FSH, shortly 
after she had completed a second course of 
Pergonal 500 therapy. The evidence is based 
on the following experiments. First, the pa­
tient’s serum bound labeled FSH. This was 
shown by the ammonium sulfate precipitation 
method of Farr (4 ) . We established that the 
antibody was associated with the IgG fraction 
of her serum since 125I-FSH bound to the 
patient's serum was precipitated by goat 
anti-human IgG (Fig. 2). Since we are un­
certain that the antibody employed was en­
tirely specific for IgG, we do not exclude 
the possibility that the patient’s antibody may 
have included other immunog.obulin classes. 
The patient’s serum did not bind tracer LH, 
hGH or insulin.

Second, addition of excess cold Pergonal 
500 inhibited binding, and also reversed bind­
ing of labeled FSH to the antibody. Third, 
using the patient’s serum as antibody, 2nd 
IRPhM G competed with tracer FSH for 
binding to antibody. Similar curves were ob­
tained with pituitary FSH (LER-I366) and 
commercial Pergonal 500.

On the other hand, additions of up to 1000 
m lU  of Hartree LH was unable to compete 
with tracer FSH for binding to antibody.

N o antibody was detected in serum prior 
to administration of Pergonal 500 in Novem­

ber, 1971, but detectable levels of antibody 
became apparent after completion of her sec­
ond course. It is likely that the course of 
Pergonal 500 in November, 1971, acted as a 
booster, following priming with initial ad­
ministration of the agent two years previ­
ously.

Formation of antibody to FSH could be 
related to structural differences between the 
native urinary hMG and endogenous FSH. 
Alternately the preparation of the urinary 
hMG could have altered the molecule and 
rendered it antigenic. We were, however, un­
able to detect antibodies to  FSH in a further 
series of 26 women who had received single 
or multiple courses of Pergonal 500 (Table
1). Furthermore, despite the thousands of 
courses of Pergonal 500 administered in 
many different centers, we are unaware of 
other instances of development of antibodies 
to Pergonal 500. The explanation for the 
patient’s propensity to develop anti FSH anti­
body may reside in the fact that she was 
shown to have an isolated deficiency of cir­
culating FSH. Consequently, to this subject 
FSH is a foreign antigen and, according to 
classical immunological concepts, she would 
have no immunologic tolerance to the glyco­
protein. Pergonal 500, of course, also contains 
urinary LH, but no binding of tracer LH  
was present in the patient’s serum. Neither 
did large quantities of cold LH compete with 
tracer FSH for binding to the patient’s anti­
body. It may be fruitful to examine subjects 
with total gonadotropin deficit (i.e., FSH and 
LH ) treated with Pergonal 500 for gonado­
tropin binding antibodies.

The ubiquitous presence of insulin anti­
bodies in insulin-treated diabetics has for the 
most part not been associated with a sub­
stantial therapeutic problem (6 ). This is also 
true in some cases of hGH deficiency in 
whom hGH antibodies have developed but 
with little discernible effect on response to 
exogenous hGH (5 ). The possible conse­
quences of FSH antibody on the therapeutic 
effects of Pergonal 500 in our patient remain 
speculative.
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A B ST R A C T . W e re c o rd  fu r th e r  s tu d ie s  o v e r  th e  past 
2  y r  on  a  u n iq u e  fe m a le  s u b je c t w ith  iso la ted  
fo llic le -s tim u la tin g  h o rm o n e  (h F S H ) d efic ien cy , w ho  
d e v e lo p e d  h u m a n  a n t i-h F S H  a n tib o d ie s  a f te r  trea t­
m e n t w ith  exogenous u r in a ry  g o n ad o tro p in s . A d­
m in is tra tio n  o f  L R H  re s u l te d  in  a  s ig n ifican t rise  
in  se ru m  h L H , b u t  h F S H  le v e ls  r e m a in e d  u n d e te c t­
ab le . “ a  S u b u n it” ( th e  com m on  a  c h a in  o f  th e  
g ly c o p ro te in  ho rm ones) w as  d e te c ta b le  in  basal 
s a m p le s  o b ta in ed  from  o u r  p a tie n t, a n d  ro se  sh arp ly  
a f te r  L R H . T h is  is c o n c o rd a n t w ith  th e  h y p o th e sis

WE have previously reported isolated 
deficiency o f hFSH 1 in  a young 

woman with primary amenorriioea (1), and 
w e have described the appearance o f anti­
bodies against hFSH in her serum after 
she had received treatment w ith meno- 
tropins (human menopausal gonadotropins, 
Pergonal 500, Ikapharm, Israel) (2). In this 
communication w e describe (a) the patient’s 
response to LRH (b) studies o f  common 
a  subunit of glycoprotein hormones in her 
serum (c) the time course o f anti-hFSH  
antibodies in her serum over 2.5 yr and 
(d) further characterization o f this unique 
antiserum.

Materials and Methods

A full c lin ical d escrip tio n  o f  th e  p a tie n t has 
b e e n  g iven  e lsew h ere  (1). Briefly, sh e  is a  23-yr- 
o ld  eu n u ch o id  young  w om an w ho has never

R e c e iv e d  O c to b e r 17, 1974.
S u p p o r te d  b y  T h e  P o p u la tio n  C o u n c il, M ifal H a- 

pay is, th e  Is rae li S o c ie ty  fo r P sychob io logy , an d  U.S. 
D e p a r tm e n t o f  H ea lth , E d u c a tio n  a n d  W e lfa re  P ro jec t 
N o. 06-130-2. D u rin g  th e  c o u rs e  o f  th is  w ork , D .R . 
was a n  E s ta b lis h e d  In v e s tig a to r  o f  th e  Is ra e li  M in istry  
o f  H e a lth .

1 A b b rev ia tio n s: h F S H  =  h u m a n  fo llic le  s tim u la tin g  
h o rm o n e ;  h L H  =  h u m a n  lu te in iz in g  h o rm o n e ; hT S H  
— h u m a n  thy ro tro p in ; L R H  =  lu te in iz in g  h o rm o n e -re ­
le a s in g  h o rm one ; m e n o tro p in s  — h u m a n  m e n o p au sa l 
g o n ad o tro p in s  (hM G ), P e rg o n a l 500; a  s u b u n it  — com ­
m on a  ch a in  o f  g ly c o p ro te in  h o rm o n es  (h F S H , h L H , 
a n d  hT S H ).

th a t th e  d e fe c t in  o u r  s u b je c t m a y  b e  in  th e  sy n ­
th e sis  o f  th e  / :  ch a in  o f  h F S H , b u t  it  d o es  n o t 
e x c lu d e  o th e r  p o ss ib ili tie s . T h e  co n c en tra tio n  o f  
h F S H  a n tib o d ie s  in  th e  p a t ie n t 's  se ru m  h as  b e e n  
m o n ito re d  a n d  h e r  re sp o n se  to  a  fu r th e r  co u rse  
o f  exogenous g o n ad o tro p in s  i s  reco rd e d . T h e  a n t i­
se ru m  ex h ib its  spec ific ity  fo r th e  h F S H  m o lecu le ; 
th e  a  a n d  th e  /3 cha ins o f  h F S H  a re  v irtu a lly  
in e r t  in  co m p e tin g  w ith  tra c e r  125I-h F S H  fo r b in d in g  
to  th e  an tib o d y . (J  C lin  E n d o c r in o l M e ta b  40: 
790 , 1975)

m en stru a ted  spon taneously . S h e  rece iv ed  an 
in itia l course o f  Pergonal 500 in 1969. W e 
saw  h e r  first in  1971, afte r es tab lish in g  th e  
d iagnosis o f  h F S H  deficiency, w e tre a te d  h e r  
w ith  30 am pou les (75 IU  each) o f  P erg o n a l 
500. A n ti-hF S H  an tibod ies w ere  d e tec ted  shortly  
thereafte r. In  Jan u ary  1973, sh e  rece iv ed  a  6 -day 
co urse  o f  9 am pou les o f  P erg o n a l 500, an d  bloods 
w ere  d raw n in te rm itten tly  th rough  1974. T h e  
L R H  te s t was perform ed  b y  in jec ting  100 fig  
o f  L R H  (syn thetic  A yerst p repara tio n  29031) 
rap id ly  in travenously . B loods w ere  tak en  a t 
fre q u e n t in tervals before an d  afte r the in jection .

S eru m  h F S H  an d  hL H  w ere  m easu red  by 
rad io im m unoassay  (3,4). T h e  com m on ch a in  o f 
a  g lycopro te in  horm one ("or su b u n it”) w as qu an ­
tified  on serum  sam ples w hich  had  b e e n  chro­
m atog raphed  over S ephadex  G-100. T h e  “ m ixed 
an tibody" system  of B env en iste  e t al. (5 -7 )  
w as em ployed , and  C anfield  h C G a  (CR-117) 
se rv ed  as the  u n lab e led  standard . D eta ils o f th is 
assay w ith  a com parison to the  V aitukaitis 
hom ologous a  su b u n it assay are g iven e lse ­
w h ere  (7). A nti-hFS H  an tibody  levels w ere  m eas­
u re d  by  th e  am m onium  su lfa te  p rec ip ita tion  
m e th o d  of F arr (8,2). hF S H  (LER1575-C) was 
a  gift o f  the  N ational P itu ita ry  A gency and  
hFSH o: an d  hFSH /3 w ere genero u sly  su p p lie d  
by  D r. L. E. R eichert, Jr.

R e s u lts

A. R e s p o n s e  to  L R H  (F ig . 1). L R H  c a u s e d  
a  r a p id  in c r e a s e  in  h L H  le v e ls ,  w h e r e a s  
h F S H  w a s  u n d e t e c t a b l e  ( < 3  m lU /m l)  
th ro u g h o u t.

790



FSH DEFICIENCY 791

F ig .  1. S e ru m  h L H  a n d  h F S H  
le v e ls  a f te r  L R H  (100 fig) g iv e n  
b y  in trav en o u s  in jec tio n . h L H  
le v e ls  ro se , w h ile  h F S H  le v e ls  
re m a in e d  u n d e te c ta b le .
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B. Presence o f  a  su b u n it (Fig. 2). Four 
ml of serum, taken before LRH injection, 
was run on a long 2.2 x  85 cm Sephadex 
G-100 column, and the concentrations of 
hLH and a  subunit w ere measured in the 
fractions eluted. Immunoassayable hLH  
eluted with a Kav = 0.20, and a sm all peak 
o f a  subunit was present (Kav =  0.34). Figure 
2 also shows results o f  a serum sample 
obtained from our patient 15 min after LRH, 
and identically processed. A larger hLH 
peak was observed at a Kav =  0.20 (data not

1
LHRH 

100 fig IV.

TIME -  MINUTES

shown). Also the concentration o f a  subunit 
(Kav =  0.34) was greatly elevated.

C. T im e course o f  anti-hP SH  antibody  
levels. Antibody levels were measured over 
a 2.5-yr period in our patient, during w hich  
tim e she received two courses o f meno- 
tropins, separated by  ̂ 14-month interval 
(Fig. 3). Prior to November 1971 anti­
bodies were undetectable in serum, but two 
days after the end o f the November 1971 
course o f  menotropins antibody was de-

F ig . 2. S e ru m  “ a  su b u n it"  le v e ls  
m e a su re d  in  frac tions  o f  th e  p a ­
tie n t 's  s e ru m  a fte r  ch ro m ato g ­
ra p h y  on  S ep h a d e x  G -100 b e fo re  
a n d  15 m in  a f te r  L R H  in je c ­
tio n . A d is tin c t r is e  in  “a  su b -  
u n i t” w as o b s e rv e d  a fte r  L R H .
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F ig . 3. M e a s u re m e n t o f  an ti-h F S H  an tibody  (m e asu re d  by  b in d in g  o f  tra c e r  h F S H  b y  p a t ie n t 's  se rum ) in  ou r 
p a t ie n t  b e tw e e n  N o v em b e r 1971 a n d  Ju ly  1974. T h e  p a t ie n t re c e iv e d  exo g en o u s m e n o tro p in s  (P ergonal) from  
N o v e m b e r 3 - 1 7 ,  1971, an d  from  Jan u ary  5 -1 2 ,  1973. T h e  b ro k en  h o riz o n ta l l in e  re p re s e n ts  th e  fraction  o f  
t ra c e r  ,25I -h F S H  a d d e d  to  con tro l se ru m  w h ich  is p re c ip ita te d  b y  am m o n iu m  su lfa te ; th a t is, th is  is th e  “ b la n k ” 

,u e  ab o v e  w h ic h  b in d in g  o f  tra c e r  to th e  p a t ie n t 's  se ru m  is sign ifican t.

tected and rose rapidly over the next 10 
days. Over the following year, serum anti­
body levels slow ly declined but remained 
detectable. A second course of menotropins 
was given in January 1973. Bloods were 
collected over the next 18 months, the

sera were held frozen, and all samples 
were analyzed on the sam e lot o f labeled  
hFSH. A rapid rise in antibody was observed 
after cessation o f  therapy (Fig. 3), and anti­
body remained detectable through July 
1974. It was observed that ^SH  antibody

70
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OQ 40
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F ig . 4. B in d in g  o f  tra c e r  12SI-h F S H  to d iffe re n t d ilu tio n s  o f  th e  p a t ie n t’s se ru m . T w o  d if fe re n t ex p e rim en ts  a re
sh o w n . C o n tr o l  refers  to  b in d in g  o f  tra ce r ,2sI-hF  II  in  th e  p re s e n c e  o f  norm al co n tro l s e ru m , th a t is th e
frac tio n  o f  tra c e r  I25I-h F S H  p re c ip ita te d  by am m o n iu m  u lfate in th e  p re s e n c e  o f  no rm al se ru m .
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levels fell during Pergonal therapy. It is 
possible that hFSH, entering the circula­
tion after intramuscular Pergonal, bound to 
endogenous antibody and saturated the 
latter such that it was ineffectual in bind­
in g  added tracer 125I-hFSH .

D. A n tib o d y  d ilu tion  experim ents. Figure 4 
displays results of two experiments in which 
the binding o f ,25I-hFSH was checked  
against differing dilutions of the patients’ 
serum. A 50% fall in specific binding 
occurred at a dilution o f serum of 1:120 
to 1:150. That is, the antibody titer was 
not very high.

E. B inding  o f  FSHcc and FSH fi by hFSH  
a n tibody  (Fig. 5). We have tested the ability 
o f two batches of a  and /3 subunits of

hFSH  to com pete with tracer hFSH for 
binding to the human anti-hFSH antiserum. 
On the first occasion (8/15/72), hFSH/3 
com peted with a potency o f  about 5% 
compared to hFSH , and competition by 
h F S H a  was neglig ib le (Fig. 5). On the sec­
ond test (7/23/73) both hFSH a and hFSH/3 
were virtually inert (Fig. 5). This may 
leflect differences in the purity o f the FSH  
subunits: the later Reichert preparation may 
have had less contamination with native 
hFSH . In any event, it is clear that the 
human antiserum is directed against the 
hF SH  m olecule, and recognizes the sub­
units extremely poorly.

D iscussion

W e have made further observations on a 
unique female patient with isolated hFSH

F ig . 5. A com parison  o f  the  
p o te n c y  o f  h F S H , h F S H a  and  
hF S H /3  to  d isp la ce  tra c e r  125I- 
h F S H  from  hu m an  a n ti-h F S H  
a n tib o d y . T w o  e x p e rim en ts  are 
s h o w n  w ith  d iffe re n t b a tch es  o f  
R e ic h e r t h F S H a  a n d  hFSH /3.
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deficiency. Administration o f LRH was not 
followed by the appearance o f hFSH in 
peripheral serum (Fig. 1). This is con­
cordant w ith the v iew  that her defect 
resides at the pituitary, and not at an hypo­
thalamic or even higher level (1). We sus­
pect that her defect is in  synthesis of the 
FSH m olecule, specifically in the synthesis 
of the /3 subunit. There is adequacy of 
hLFl release, based on direct measurements 
of the hormone in serum, and probably 
also of hTSH release, based on the normal 
indices o f thyroid function. It is reasonable 
therefore to conclude that she can syn­
thesize the a  subunit o f  hLH and hTSH, 
and presumably then also o f hFSH. This 
hypothesis is strengthened by our finding 
o f a  subunit in basal samples o f her serum, 
with marked elevation o f  its concentration 
within minutes o f LRH administration (Fig.
2). The concentration o f a  subunit 15 min 
after LRH is higher than that observed in 
normal cycling women, but similar values 
are found in some subjects with gonadal 
failure (6). Our immunoassay does not dis­
tinguish among the a subunits, and we 
could thus be measuring the a  subunit 
uniquely related to, say, hLH synthesis. 
We cannot then with certainty exclude the 
possibility that our patient has a global 
defect in FSH  synthesis (a  and /3 subunits) 
or even a deficiency o f a specific FSH  
releasing hormone.

It may w ell be, however, that w e are 
dealing with a congenital inability to syn­
thesize FSH/3 (or the synthesis o f a m ole­
cule not recognized by us as FSH). It is 
known that the fetal pituitary secretes 
hFSH (9), and thus an opportunity is pres­
ent for potentially im munologically com­
petent cells to recognize hFSH  as “self.” 
Since maternal hFSH secretion is inhibited  
during pregnancy, absence o f endogenous 
fetal hFSH secretion could result in exog­
enous FSH being view ed as “foreign” and, 
on classic immunologic grounds, this would 
account for the developm ent o f anti-hFSH  
antibody in this patient. W e have examined  
for the presence of anti-hFSH antibodies

in sera from a large number o f women  
w ho have received one or multiple courses 
of Pergonal. T hese were uniformly negative 
(2). To our knowledge this patient uniquely 
demonstrates human anti-hFSH antibody.

W e have tested sequentially for the pres­
ence o f  hFSH antiserum in our patient. 
A short course o f  exogenous menotropins 
in January 1973 was followed by a prompt 
rise in her antibody concentration (as meas­
ured by percent binding o f an hFSH tracer 
to her serum). Her titer was never high 
(Fig. 4), but the antiserum show ed great 
specificity; neither hFSH a nor hFSH/3 com­
peted for binding to any considerable ex­
tent (Fig. 5). This contrasts with many anti­
bodies em ployed in radioimmunoassays for 
the glycoprotein hormones, including the 
rabbit anti-hFSH antiserum distributed by 
the National Pituitary Agency, which do 
not discriminate w ell betw een the native 
m olecule and the isolated y3 subunit (10).
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A B ST R A C T . A  17 y ea r o ld  m a le  p a t ie n t p re s e n te d  
w ith  s h o r t  s ta tu re  a n d  d e la y e d  p u b e rty . In v es tig a ­
tio n s  s h o w e d  norm al thy ro id  fun c tio n  a n d  in tac t 
T S H  re s p o n s e  to  T S H -re lea s in g  h o rm o n e  (TRH ). 
A lth o u g h  b asa l lev e ls  o f  L H  w e re  low , bo th  L H  
a n d  F S H  ro se  fo llow ing  th e  a d m in is tra tio n  o f  L H - 
r e le a s in g  h o rm o n e  (L H R H ). A C T H  s e c re t io n  
a s s e s se d  in d ire c t ly  b y  th e  co rtiso l re sp o n se  to 
in s u lin  h y p o g ly c em ia  w as no rm al. G row th  hor­
m o n e  le v e ls  in c re a se d  fo llow ing  th e  o n s e t o f  s leep , 
as w e ll as  a f te r  th e  a d m in is tra tio n  o f  in s u lin , L-dopa 
a n d  L -a rg in in e . B asal lev e ls  o f  p ro la c tin  w e re  low  
( 2 - 5  ng /m l) c o m p ared  w ith  5 - 1 2  ng /m l in  con tro ls . 
T h e re  w as a  m ark ed ly  im p a ire d  p ro la c tin  response

ISOLATED hormonal deficiency of hypo- 
thalamic-pituitary origin is defined as 

impaired secretion of a single hormone with 
retention o f the remaining hypophyseal 
functions. Syndromes have been  described  
which selectively involve the secretion of 
growth hormone (GH), adrenocorticotropin 
(ACTH) and thyrotropin (TSH) (1,2). The 
com m onest variety o f selective hormonal 
deficiency, however, is isolated bihormonal 
gonadotropin deficiency (IGD) (1). This in­
volves both pituitary gonadotropins, lutein­
izing hormone (LH) and follicle-stimulating 
hormone (FSH) (3) although recently, we 
described a pa.tient who presented with 
selective FSH  deficiency (4).

Isolated prolactin deficiency is an uncom­
mon condition, having previously been de­
scribed by Turkington in two cases (5). In 
these subjects prolactin was measured by an 
in oitro  bioassay technique and minimal 
dynamic stimuli o f prolactin secretion were

R e c e iv e d  J u ly  31 , 1976.
S u p p o r te d  in  p a r t by  a  g ran t m ade to I. M . Sp itz  by 

th e  C h ie f  S c ie n tis t’s O ffice, M in is try  o f  H e a lth , Israel.
A d d re ss  re p r in t  req u es ts  to: D r. Irv in g  M. Spitz , 

D e p a r tm e n t o f  C h em ica l E n d o c rin o lo g y , H adassah  
U n iv e rs ity  H o sp ita l, J e ru sa lem , Israe l.

* P re s e n te d  in  p a r t a t th e  5 th  In te rn a tio n a l E n d o ­
c r in e  C o n g re ss , H am burg , 1976.

to  T R H  (m axim um  r is e  ab o v e  basa l values o f  3 
n g /m l c o m p a re d  to  a  r is e  o f  1 2 -2 9  ng /m l in  con ­
tro ls). P ro lac tin  le v e ls  d id  n o t r is e  a fte r  th e  ad ­
m in is tra tio n  o f  ch lo i p ro m a z in e  o r L -a rg in ine. T h e re  
w as so m e su p p re s s io n  o f  p ro la c tin  le v e ls  after 
L -dopa . S im ila r p a t te rn s  o f  p ro la c tin  are  s e e n  in 
p a n h y p o p itu ita r ism , w h e re  th e y  a re  u su a lly  asso­
c ia te d  w ith  o th e r  h y p o p h y s e a l  h o rm o n a l d e ­
f ic ien c ie s . T h e  d im in is h e d  p ro la c tin  re se rv e  d em o n ­
s tra te d  in  th is  s u b je c t in  th e  p re s e n c e  o f  in ta c t 
fu n c tio n  o f  th e  r e m a in d e r  o f  th e  an te r io r  p itu ita ry  
is co m p a tib le  w ith  th e  d ia g n o sis  o f  d im in ish e d  p ro ­
la c tin  re se rv e . ( /  C lin  E n d o c r in o l M e ta b  45: 412, 
1977)

used. Carlson e t al. have also recently re­
ported a large kindred who presented with a 
combination o f prolactin deficiency and 
pseudohypoparathyroidism (6).

In this report, w e describe a young male 
patient who presented with short stature, 
low  basal levels o f  prolactin and minimal 
prolactin response to dynamic stimuli. The 
remaining anterior pituitary functions were 
intact. These features fulfil criteria for the 
diagnosis o f d im inished prolactin reserve.

Case Report

T h e  patien t, a se v e n te e n  year o ld m ale o f 
S ep liard ic  Jew ish  o rig in , was refe rred  to the 
E n d o c rin e  C lin ic  fo r evaluation  o f short sta tu re  
and  d e layed  p u b erty . H e  was th e  th ird  o f  six 
s ib lings. T h e re  w as no consanguin ity , the father 
h av ing  b een  b o m  in T u rk ey  and  th e  m other in 
P ersia . Both p aren ts an d  all o ther siblings w ere 
healthy . T h e  m o th e r an d  rem ain in g  sib lings 
w ere  o f  average h e ig h t. T h e  heigh ts o f the father 
an d  paternal g ran d m o th er w ere  155 and  154 cm, 
respec tive ly . T h e  father, w ho was the  sm allest 
o f five sib lings, co m m en ced  pu b erty  at the  age 
o f  fifteen  years.

P ast h istory  o f  th e  propositus show ed  that 
the  m o ther's  p regn an cy  an d  delivery  w ere u n ­
even tfu l. A t th e  age o f  e ig h teen  m onths, esotropia 
o f th e  left ey e  was n o ted . C horoid itis was dia- 
n osed  and  a t th e  age o f  two years investign-

412
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tions w ere  perform ed, b u t the  cause o f  the 
cho ro id itis  could n o t b e  d eterm ined . Toxo­
plasm osis w as excluded. In  1968 and  1971, the 
p a tie n t u n d e rw en t tw o operations for correction  
o f  th e  estropia. T h e  final diagnosis w as b lin d ­
ness o f  th e  left eye  d u e  to h ea led  choroid itis 
o f  u n d e te rm in ed  etiology.

T h e  p a tie n t o therw ise  en joyed  good health . 
H is psychom otor d ev e lo p m en t was norm al. T he 
fam ily becam e aw are o f  h is sh o rt sta tu re  only a t 
d ie  age  o f th irteen  years, un til then  h is grow di 
w as com parab le  to th a t o f  his peers. T h e  re s t of 
tile system atic  inqu iry  was non-contributory .

On exam ination, d ie  p a tie n t’s h e ig h t was 150 
cm , co rrespond ing  to a  h e ig h t age o f  tw elve 
years an d  ten  m ontiis. H is w eig h t w as 44 kg 
eq u iv a le n t to a  w eig h t age o f  fourteen  years. 
H e h ad  m ild  obesity . T h e re  w as a  functional 
grade 1 / 6  ejection systo lic m urm ur ov er the  
left paraste rn a l area. V ision w as norm al in  the 
righ t ey e , b u t the re  w as b lindness in  th e  left 
eye. F undoscopy  o f  th e  r ig h t ey  - show ed  m ild  
p e rip ap illa ry  atrophy. In  the  left eye th ere  was 
se v e re  ch o rio re tin a l a tro p h y , p e r ip a p illa ry  
ed em a o f  the  optic d isc  a rea  and localized  
re tina l detachm ent. F in d in g s w ere  co n sisten t 
w ith  a  diagnosis o f h e a le d  choroid itis . P en is  and 
testes w e re  norm al, p rep u b era l. T h e re  w ere  no 
o th er sig n s o f puberta l d evelopm en t, his p u b e rty  
co rre spond ing  to Stage 1 according  to th e  classi­
fication o f  T anner. U rinalysis inc lud ing  m icros­
copy, cu ltu re , pH , electro ly tes, osm olarity  and  
chrom atography for am ino acids was norm al. 
T h e  24 h  secre tion  o f 17 ketostero ids an d  17 
hydroxicorticoids was norm al. Blood co u n t and 
e lec tro ly tes, as w ell as levels o f  serum  album in , 
g lobu lin , cholesterol, b iliru b in , a lkaline phos­
phatase, transam inases, calcium  and  phospha te , 
w ere  w itiiin  norm al lim its. Serum  thyroxine and 
T a S ephadex  re ten tion  (Ames) w ere  norm al. 
EKG an d  x-rays o f c h es t and  skull, inc lud ing  
specia l v iew s of d ie  p itu ita ry  fossa w ere intact. 
H is b o n e  age corresponded  to ten years. T he 
co m p lem en t fixation te s t for Toxoplasm osis 
(S ab in -F eldm an) was n eg a tiv e  on re p e a te d  
occasions. T here  w ere  no clinical or laboratory 
features o f  pseudohypopara thyroid ism .

Specific te s t  procedures

T h ese  w ere  com m enced be tw een  0800-0830  h 
after an overn igh t fast. A n eed le  in se rted  in to  an 
an ticu b ita l ve in  was k e p t p a ten t by the  slow 
adm in istra tion  of norm al saline. Tw o or m ore 
b lood sam ples w ere w id id raw n  du ring  a contro l

p e r io d  o f  fifteen  m in u tes and  th en  th e  te s t su b ­
s ta n ce  was in jec ted  iv via  a th re e  stopcock 
a n d  period ic  b lood  sam pling  con tinued .

1. T R H  tests . T h e  p a tie n t was g iv en  T R H  on 
th re e  d ifferen t occasions. In itially , 200 fig  T R H  
w as ad m in iste red  by  rap id  iv  injection. T h e  p a ­
t ie n t  was su b se q u e n d y  challenged  w ith  an o th e r  
s in g le  pu lse  o f  400 /tg  TR H . F in a lly  h e  w as 
g iv en  a fu rth e r  dose  o f  200 /xg T R H . T h is las t 
te s t  w as p re c e e d e d  b y  th ree  days o f  d ie thy l- 
stilb es tro l trea tm en t (5.0 m g daily) a n d  in su lin  
(0.1 U/kg) w as g iv en  to g e th er w ith  th e  T R H . I t  
has b e e n  show n  p rev iously  that 200 /xg T R H  is 
ad e q u a te  to in d u ce  m axim um  p ro lactin  re lease  
(7).

2. L H R H  te s t. T h e  p a tie n t was g iven  rep ea ted  
p u lse s o f  100 yxg L H R H  a t zero tim e, 60 an d  90 
m in.

3. C PZ test. F o llo w in g  a  basal contro l period , 
25 m g C PZ  w as in jec ted  im  an d  b lood  sam ples 
co llec ted .

T h e  resp o n se  to the  initia l te s t w ith  200 /xg 
T R H , as w ell as to the  L H R H  tes t an d  to CPZ  
w as com pared  to iden tica l protocols w hich  w ere  
ad m in is te red  to  six norm al m ale contro ls w hose  
ages ranged  from  1 8 -2 4  years.

4. A d d itio n a l tes ts . Several b lo o d  s a m p l e s  w e r e  
a l s o  t a k e n  a f t e r  t h e  o r a l  a d m in i s t r a t i o n  o f  L - d o p a  
(500 m g ), t h e  in f u s io n  o f  L -a rg in in e  (0.5 g /k g )  
a n d  a f t e r  t h e  s u b je c t  f e l l  a s le e p .

T h e  la tte r  tw o tests w ere  perform ed after th ree  
days o f  estrogen  p re trea tm en t.

Materials and Methods

Serum  F S H , L H , T SH , G H  an d  p lasm a 
II  hydroxicorticoids (cortisol) w ere d e term ined  by  
prev io u sly  d escrib ed  m ethods (3). P itu ita ry  L H  
(IR C  2) was su p p lie d  by  D r. A. S. H artree . P itu i­
tary  FSH  (L E R  1366), TSH  and G H , as w ell as, 
an tise ra  to L H , F S H , T SH  and G H  w ere  k indly  
su p p lie d  by  th e  N ational P itu ita ry  A gency, 
N ational In s titu te  o f A rthritis, M etabolism , an d  
D ig estiv e  D iseases (N IA M D D ). T h e  Second  
In ternational R eference  p reparation  for hum an  
m enopausal gonadotrop ins (2nd IR PH M G ), p ro­
v id e d  by D r. D . R. Bangham , was used  as 
re fe ren ce  stan d ard  for both  LH  and  FSH . S tand­
ard for T SH  w as su p p lied  by the  M edical R e­
search  C ouncil an d  G H  by  the  N ational P itu ita ry  
A gency.
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P ro lac tin  (PRL) w as m easu red  by  a  hom ologous 
rad io im m unoassay  u tiliz ing  hum an  prolactin  
(H PR  -V-L-S No. 2) an d  an ti hP R L  antibody 
(rabbit), k ind ly  su p p lied  by  th e  N ational P ituitary 
A gency (N IA M D D ). T h e  an tibody  w as u se d  a t a 
final d ilu tio n  o f  1:200.000. L ab e lled  prolactin  
I 125 w as p u rch ased  from  CEA , F rance. D isp lace­
m e n t cu rves paralle l to th e  N IH  stan d ard  w ere 
o b ta in ed  w ith  a  se ries o f  5  p lasm a sam ples o f  
know n pro lactin  concen tration , k ind ly  su p p lied  
b y  D r. H . F rie se n  as w e ll as w ith  m u ltip le  
d ilu tio n s o f  p lasm a from a p a tie n t w ith  galactor­
rh ea  an d  th e  R esearch  S tandard  A p ro v id ed  by 
th e  M edical R esearch  Council. T h e  N IH  stand­
ard  w as eq u ilib ra te d  in  term s o f  p lasm a sam ples 
o f k now n  p ro lactin  concentration . In  th ree  sep­
arate assays, th e  la tte r  gave values exactly  one- 
h a lf  o f  th o se  o f th e  N IH . R esu lts hav e  b e e n  ex­
p re sse d  from  th e  correc ted  N IH  standard . U sing
0 . 1  m l se rum  in  a  total assay vo lum e of 1 . 0  ml, 
tire lo w e r  lim it o f  sen sitiv ity  o f  th e  assay is 
2  ng/m l. In  this assay, tire m ean  ±SD  in  norm al 
fem ales is 14.9 ±  5.3 ng/m l, in norm al m ales
8 . 8  ± 2 . 1  ng/m l and  in ch ild ren  aged ten  to seven ­
te e n  years, basal pro lac tin  lev e ls  range from  4 -1 4  
ng/m l.

P ro lac tin  was m easu red  on all b lood  sam ples; 
G H  on  all sam ples w ith  tire excep tion  o f  the 
L H R H  an d  T R H  tests. L H  an d  F S H  w ere 
es tim a ted  after th e  adm in istration  o f  L H R H  and 
T SH  after T R H . C ortisol w as m easu red  u nder 
basal conditions, 60 m in fo llow ing tire adm in is­
tration  o f  250 p-g aq u eo u s synactlren  (Ciba) 
an d  after in su lin  hypoglycem ia.

Results

The results o f the special investigations 
are shown in  Table 1 and F ig. 1 -3 .

G row th  horm one (Table 1, Fig. 1)

In response to L-dopa, the infusion of 
L-arginine, insulin hypoglycem ia and the 
onset o f  nocturnal Sleep, GH levels rose to 
maximum levels o f 4.4, 7.1, 12.0 and 23 
ng/ml respectively. T he infusion of arginine 
also produced the normal expected rise in 
serum insulin levels.

TSH  (Fig. 2)

Basal TSH  levels ranged from 2 -2 .5  
p.U/mI w hich is the lim it o f sensitivity o f the 
TSH assay. On each occasion when TRH 
was administered, there was a normal 
TSH response, the peak ranging from 11 -2 8  
/iU/ml.

LH  and  FSH

Basal levels of LH were low  (3 mlU/ml) 
whereas FSH  levels ranged from 6 - 7  mlUZ 
ml. W hen compared to controls, there was a 
normal gonadotropin response to LHRH, the 
maximum levels attained were 40 mlU/ml 
for LH and 12.0 mlU/ml for FSH.

Ta b l e  1. C linical data

T e s t
p ro c e d u re P a ram e te r

T im e  (m in)

- 1 5 0 15 30 45 60 90 120

In s u lin  h y p o ­ G lu co se  (m g/100 m l) 77 76 27 30 46 57 74 82
g ly c em ia G H  (ng/m l) 1.6 2.4 1.5 4 .1 5 .5 5 .2 12.0 8 .5

C ortiso l ( f ig /i00  m l) 29 61
P ro lac tin  (ng/m l)* 2.3 2.8 4.0 5.2 4,2 2.6 2.7 2.8

A rg in in e  in fu ­ G H  (ng/m l) 1.6 7.1 5.0 4 .2 2 .0 2.2
sion In s u lin  (p.U/ml) 3 17 18 8 4 4

P ro lac tin  (ng/m l) 5 5 5 5 5 5

L -dopa G H  (ng/m l) 1.1 1.9 1.5 4.4
P ro lac tin  (ng/m l) 5 6 3 3

C h lo rp ro m az in e P ro lac tin  (ng/m l) 3.0 2 .9 2.9 3.0 2.7 2.7

S y n a c th e n C ortiso l (pg/100 m l) 13 39

* 2 00  /rg  T R H  a d m in is te re d  to g e th e r  w ith  in su lin .
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F i g . 1. P ro lac tin  a n d  G H  re s p o n se s  d u rin g  
s le e p .

ng/ml.
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C ortisol (Table 1)

Basal cortisol values ranged from 1 8 -3 0  
yu.g/100 ml. There was a normal response to 
synacthen and to insulin induced hypogly­
cemia.

Prolactin (Table 1, Figs. 1, 2, 3)

Basal prolactin levels ranged from 2 - 5  
ng/ml. T hese levels are significantly de­
creased w hen compared to values in our 
normal male controls which ranged from 5 -  
12 ng/ml (P  <  0.001).

T he peak prolactin response to TRH in 
male subjects ranged from 2 1 -3 7  ng/ml 
with an absolute rise o f  12 -29  ng/ml. The 
patient was challenged with TRH on three 
occasions. When given 200 /xg TRH, the 
maximum levels o f prolactin obtained were 
6 ng/ml (absolute rise o f 2 ng/ml). Neither 
a larger dose of TRH (400 /xg) nor pre­
treatment for three days with diethylstil- 
bestrol produced a marked increase re­
sponse to TRH (Fig. 2). On this occasion, 
insulin was administered together with TRH 
and this produced the greatest prolactin re­
sponse, the peak rise being 3 ng/ml. In 
contrast to its effect on prolactin, the ad­
ministration o f TRH consistently produced 
an elevation of TSH (Fig. 2).

Whereas GH levels rose follow ing the 
onset o f nocturnal sleep, as w ell as after

insulin induced hypoglycem ia and arginine 
infusion, there was no increase in  prolactin 
levels, (Table 1, Fig. 1). Moreover, unlike 
the response in the controls, prolactin levels  
did not increase after the administration of 
CPZ (Fig. 3). There was, however, m ini­
mal suppression after L-dopa (Table 1).

It should be mentioned that blood sam ples 
of the patient following both TRH and CPZ 
were run in several different assays together 
with stimulation tests from normal individ­
uals.

S tud ies in  the fa th e r

B ecause he presented with short stature, 
the father was also evaluated.' H e was given  
a com bined infusion of 100 /xg LRF and 
200 fig  TRH. This was follow ed 60 min 
later by insulin (0.1 U/kg). There was .nor­
mal secretion o f FSH, LH, TSH, GH and 
prolactin.

D iscussion

We have documented dim inished pro­
lactin reserve in this patient. When com ­
pared to our normal male controls, basal 
prolactin levels were low, but measurable. 
There was a markedly attenuated response 
following 200 /xg and 400 /xg of TRH, 
This tripeptide elevates prolactin by acting 
directly at the level o f the lactotrope
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(7 -9). When TRH was g iven  following estro­
gen pretreatment, however, there was a  
minimal response. The slightly augmented  
response follow ing estrogens is in  ac­
cordance w ith previous observations on the 
effects o f  this steroid on prolactin secretion  
(10—12). Prolactin also failed to rise fol­
low ing chlorprom azine, w hich induces 
d o p a m in e r g ic  blockade acting at either the 
hypothalam ic or pituitary leve l (10,13, 
14-17). There was also no prolactin re­
sponse to arginine infusion, insulin hypo­
glycem ia or to the onset of sleep; stimuli 
w hich also provoke prolactin secretion in 
normal subjects (18-20). T he precise m ech­
anism as to how  these agents elevate pro- 
iactir is not known with certainty. Prolac­
tin levels were also slightly depressed fol­
low ing the administration of L -d o p a  (13).

The results indicate that the prolactin de­
ficiency is not absolute. A comparable situa­
tion exists in  isolated gonadotropin d e­
ficiency (IGD) w here low  basal gonado­
tropin levels often occur in  association with  
a blunted LH and FSH  response to LHRH  
(21).

Although the patient did  have a delay in 
puberal developm ent, LH  and FSH levels  
rose follow ing the administration of LHRH  
and were similar to those of normal male 
controls. GH secretion was also normal fol­
low ing both pharmacological and physi­
ological stimuli. Although ACTH was not

25 -

s s y  o
CONTROLS

FlG . 3 . P ro lac tin  re sp o n se  to c h lo rp ro m a­
z in e  in  th e  p a tie n t  a n d  control su b je c ts . 
In  th e  co n tro ls  m e a n  ±  SE a re  sh o w n .
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measured directly, the cortisol rise following 
insulin hypoglycem ia is strong evidence of 
normal ACTH secretory potential. All thy­
roid function tests wero normal, including 
the TSH response to TRH. A dissociation 
o f prolactin and TSH secretion after TRH 
stimulation, has been documented previ­
ously, but in these other reports prolactin 
levels rose after TRH, while TSH remained 
unchanged (22,23),

Low basal prolactin levels w ith an im­
paired response to TRH, CPZ and L -d o p a  
have b een  described in other patients (24, 
25). H ow ever, these subjects have invariably 
presented with panhypopituitarism. In con­
trast, prolactin deficiency existed in our 
patient as an isolated phenomenon.

As far as we can ascertain, with the 
exception o f one report by Carlson et al. 
(6), this constellation of findings o f de­
creased prolactin reserve, together with nor­
mal LH, FSH, GH, TSH and ACTH secre­
tion is unique. Our patient, however, dif­
fered from those reported by Carlson e t al., 
in  that there was no evidence for pseudo­
hypoparathyroidism. Although Turkington 
did describe low basal prolactin levels and 
absence of a rise following CPZ in two other 
patients, the prolactin response to TRH was 
not evaluated (5). Jacobs and Daughaday have 
reported that they have yet to encounter a 
patient deficient in prolactin, without being  
deficient in all other pituitary horm ones 
as w ell (26). With the exception o f the pres­
ent case, our experience is similar.

Could the prolactin deficiency explain the 
clinical findings? Studies in mammals have 
shown that prolactin does have an effect on 
somatic growth (27). Ovine prolactin has 
metabolic actions similar to growth hormone 
(28). Moreover, prolactin can also influence 
sexual developm ent (27). It has been sug­
gested that prolactin acts by “conditioning” 
the responsiveness o f various target organs 
to the tropic action of other hormones (29). 
N evertheless, it is unlikely that the clinical 
symptomology in this patient is related to 
prolactin deficiency. Studies in the father, 
who also had short stature, demonstrated 
a normal prolactin response to TRH. It has 
also been shown that children with consti­

tutional short stature have normal prolactin 
dynamics (30).

The localization o f the lesion in the patient 
is unknown. It could reside at or above the 
level o f the hypothalamus, possibly result­
ing from PIF secretion or persistent dopa­
minergic stimulation. Alternatively, there 
could be a deficiency o f  prolactin releasing  
factor (PRF). The lesion  could also b e local­
ized  to the lactotrope o f the pituitary. 
There could be an absolute reduction in the 
number o f lactotropes. Alternatively, i f  the 
lactotropes are present, there could b e a lack 
of synthesis, inhibition of release or release 
o f an im munologically altered prolactin 
m olecule.

Addendum
S in c e  th e  in itia l ev a lu a tio n , th e  p a t ie n t  has  re c e iv e d  

a  s h o r t co u rse  o f  h C G  (500 IU  tw ic e  w e e k ly  fo r th re e  
w eek s). T h e re  w as a  d ram a tic  re sp o n se  a n d  o v e r  six 
m o n th s  th e re  w as a  s te a d y  ad v a n c e m e n t in  h is  p u b e rty . 
A t th e  la s t ex a m in a tio n , th is  c o r re sp o n d e d  to  s tag e  IV  
a c co rd in g  to  T a n n e r . H is  h e ig h t  h a d  in c re a s e d  to  1.61 
cm . T h e  p ro la c tin  re s p o n s e  to T R H , h o w ev e r , w as 
u n c h a n g e d . B asal le v e ls  w e re  4.6 ng /m l a n d  fo llow - 
*ng 200  f ig  T R H , o n ly  in c re a s e d  to  5 .2  ng/m l.
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I  he following three publications complement those in the first section since they document 

the dynamics o f prolactin secretion in a group of patients presenting with hypogonadism  

which is peripheral rather than central in origin.
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The Exaggerated Prolactin Response to Thyrotropin- 
Releasing Hormone and Met ^lopramide in 1,2-Dibromo 
3-Chloropropane-Induced Azoospermia*
D E R E K  L E R O IT H , G A D  P O T A S H N IK , JA M E S  D U N N , a n d  IR V IN G  M . S P IT Z
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A B S T R A C T . Tw elve m ales w ith  azoosperm ia secondary  to 
exposure to  th e  nem atocide l,2-dibrom o-3-chloropropane were 
challenged w ith  iv L R H  (100 fig), T R H  (200 fig), and  metoclo- 
p ram ide (M E T ; 10 mg) adm in istered  30 m in apart. W hen com­
pared  to  24 m ale  controls, bo th  basal F SH  and  L H  levels as  well 
as peak gonadotropin  responses to  L R H  w ere increased  in  the  
azoosperm ic group. T h e  patien ts  also had  increased  to ta l e s tra ­
diol (Eg) an d  testosterone  (T) as  well tis testosterone-binding  
globulin levels. F ree  T  levels, how ever, w ere n o t significantly 
d ifferent from  th e  controls.

B asal P R L  levels were sim ilar in  the  tw o groups. However,

th e  peak  P R L  responses to  bo th  T R H  and  M E T  w ere signifi­
can tly  increased  in  th e  azoosperm ic sub jec ts  (P  <  0.001). In  bo th  
groups, th e  P R L  response to  M E T  w as g rea te r than  to T R H . In 
th e  individual con tro l a n d  azoosperm ic subjec ts, the re  was no 
correlation  betw een th e  P R L  response an d  Eg, T , o r the  Eg to  T  
ra tio . H owever, a  positive correlation  d id  exist betw een te sto s­
te rone-binding  globulin  levels and  th e  P R L  response to  T R H  
an d  M E T . A lthough  th e  precise m echanism  underlying th e  P R L  
hyperresponsiveness is unknow n, it m ay be an  estrogen-induced 
phenom enon. ( J  C lin  E n d o c rio l M etab  U2: 38, 1981}

AN  E X A G G E R A T E D  P R L  re sp o n se  to  T R H  h a s  
b e e n  d o c u m e n te d  in  p a t ie n ts  w ith  p r im a ry  te s tic ­

u l a r  fa ilu re  (I , 2). A lth o u g h  th e  p rec ise  m e c h a n ism  is 
u n k n o w n , w e h a v e  show n  t h a t  th is  e n h a n c e d  P R L  r e ­
s p o n s e  in  p r im a ry  te s tic u la r  fa ilu re  m a y  b e  re la te d  in  
p a r t  to  su b tle  a l te ra t io n  in  e s tra d io l (E z )-te s to s te ro n e  (T) 
r e la t io n s h ip s  (1 ).

T o  e x te n d  o u r  o b se rv a tio n s  in to  th e  m e c h a n is m  u n ­
d e r ly in g  th e  P R L  h y p e rre sp o n s iv e n e ss  in  p r im a ry  te s tic ­
u la r  fa ilu re , w e h a v e  e v a lu a te d  1 2  m ale  su b je c ts  w ho 
w e re  ex p o sed  to  th e  in d u s tr ia l ch em ica l l,2 -d ib ro m o -3 - 
c h lo ro p ro p a n e  (D B C P ), a n  a g e n t  w h ich  su p p o se d ly  p ro ­
d u c e s  se le c tiv e  a tro p h y  of th e  g e rm in a l e p ith e liu m  (3). 
I n  a d d it io n  to  T R H , th ese  su b je c ts  w ere  also  ch a llen g ed  
w i th  th e  d o p am in e rg ic  a n ta g o n is t m e to c lo p ra m id e  
(M E T ) . O u r re s u l ts  h a v e  sh o w n  t h a t  an  e x a g g e ra te d  P R L  
re s p o n s e  to  b o th  T R H  an d  M E T  c h a ra c te r iz e s  D B C P - 
in d u c e d  azo o sp e rm ia .

R eceived  Ju n e  12, 1979.
A ddress requests  for reprin ts  to: D r. I. M. Spitz, D ep artm en t of 

E ndocrinology and  M etabolism , S haare  Zedek H ospital, Jerusalem , 
Israe l.

* T h is  w ork w as supported  by g ran ts (to I.M .S.) from  the  C hief 
S c ie n tis ts  Office, Is rae l M inistry  of H ea lth  and  C en ter for A bsorption 
in  Science, T h e  M in istry  for Im m igran t A bsorption, S ta te  of Israel.

Materials and Methods

P atien ts

Twelve males, aged 22-50 yr, presented to th e  infertility 
clinic w ith azoospermia after exposure to DBCP. E ig h t of the  
subjects had  fathered  children before exposure; the  rem ainder 
had norm al m ale karyotype chromosomal patterns. All subjects 
had  in tac t secondary sexual characteristics with norm al testic­
u lar volume and claim ed to have frequent erections and  ejacu­
lations. Intercourse was reported to be normal.

B ilateral open testicular biopsy was perform ed under general 
anesthesia in each case. This dem onstrated com plete a trophy  
of th e  sem iniferous epithelium, which was lined exclusively by 
Sertoli cells. Som e tubules were completely hyalinized. Leydig 
cells were noted in abundance (3).

E xperim en ta l protocol

T he study was perform ed from 2-5 yr after the last exposure. 
D uration  of exposure in each subject varied from 100-6700 h 
(3), and none had  received any form of therapy before the  
study.

A fter an overnight fast, a  needle was inserted into an ante- 
cubital vein. T h is was kep t p a ten t by the slow adm inistration 
of norm al saline. T h ree  blood samples were drawn during a 30- 
m in equilibrium  period. All subjects then  received 100 pg LRH , 
200 pg T R H , and 10 mg M ET a t 30-min intervals. All agents
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were adm in istered  by rap id  iv injection. Blood samples were 
drawn a t  1 0 -min in tervals after each agent and continued for 60 
min a f te r  th e  M E T  injection. T he responses of the patients 
were com pared to those  of 24 healthy controls, aged 20-40 yr, 
who received the  sam e protocol. Inform ed consent for the  test 
p rocedure was ob tained  from  patients and controls.

M ethods

S erum  LH, FSH , PR L , 17/3-estradiol (E2), testosterone (T), 
T -binding  globulin (TeBG), and free T  levels were determ ined 
by previously  described m ethods (4,5). P itu ita ry  LH, FSH, and 
PRL, a s  well as th e ir  respective antisera, were kindly supplied 
by th e  N ational P itu ita ry  Agency, NIAM DD. S tandards for 
P R L  an d  th e  Second In ternational Reference Preparation for 
hum an m enopausal gonadotropin were provided by the  Divi­
sion o f Biological S tandards and Control (Holly Hill, H am p­
stead, L ondon, England). T ota l Ez, T, and TeBG were m easured 
after pooling equal volum es of the  three basal samples. Results 
w ere analyzed using S tu d en t’s t test.

Results

G onadotropins (Fig. 1)

T h e  m e a n  (±si>) b a s a l  F S H  lev e l in  th e  co n tro l g ro u p  
w as 6 . 1  ±  1.8 m l U / m l  a n d  .tie  m e a n  L H  level w as 11.1 
±  2 .5  m lU /m l .  I n  th e  p a tie n ts , b a sa l F S H  v a lu es w ere  
c o n s id e ra b ly  in c re a se d  (31.3 ±  13.3 m lU /m l;  P  <  0.001 
c o m p a re d  to  th e  c o n tro ls ) . A lth o u g h  th e  L H  level w as 
also  e le v a te d  (22.4 ±  7.9 m lU /m l;  P  <  0.005 c o m p a re d  to  
c o n tro ls ) , th e  v a lu e s  w ere  n o t  a s  h ig h  a s  th o se  fo r F S H .

I n  t h e  c o n tro ls , th e  p e a k  L H  a n d  F S H  re sp o n se s  to  
L R H  o c c u rre d  a t  40 m in  a n d  w ere  49.7 ±  14.5 m lU /m l  
fo r L H  a n d  8.3 ±  2.9 m lU /m l  fo r F S H . In  th e  p a tie n ts , 
t h e  m a x im u m  re sp o n s e  o ccu rred  a t  30 m in . T h e  m e a n  
p e a k  L H  w as 124.0 ±  39.8 m lU /m l  ( P  <  0.001 c o m p a re d

to  th e  c o n tro ls ) . T h e  F S H  p e a k  w as 59.5 ±  25.9 m lC J/m l 
(P  <  0.001 c o m p a re d  to  th e  c o n tro ls) . A t a ll  tim e  in te rv a ls  
a f te r  L R H , b o th  g o n a d o tro p in  re sp o n se s  w ere  g re a te r  in  
p a t ie n ts  th a n  c o n tro ls  ( P  <  0.001). M e a n  to ta l  E 2, to ta l  
T , a n d  T e B G  lev e ls  w e re  s ig n if ican tly  e le v a te d  in  D B C P - 
ex p o se d  s u b je c ts  c o m p a re d  to  th e  c o n tro l levels . C a lcu ­
la te d  f re e  T  levels , h o w ev er, w ere  s im ila r  in  b o th  g ro u p s  
(T a b le  1 ).

P R L

B a s a l  P R L  lev e ls  in  th e  c o n tro ls  w e re  10.6 +  3.1 n g /  
m l. T h e  m e a n  p e a k  re sp o n s e  to  T R H  w as 32.1 ±  10.7 n g /  
m l a n d  o c c u rre d  2 0  m in  a f te r  T R H  a d m in is tra tio n . 
T h e re a f te r ,  P R L  le v e ls  d ec lin ed  s lig h tly . A fte r  M E T  
a d m in is tra t io n , P R L  lev e ls  a g a in  ro se  p ro m p tly . T h e  
m e a n  p e a k  w as 75.5 ±  22.3 n g /m l  a n d  o c c u rre d  30 m in  
a f te r  M E T . In  th e  c o n tro ls , th e  p e a k  re sp o n se  to  M E T  
w as s ig n if ic a n tly  g r e a te r  th a n  to  T R H  ( P  <  0.005), a n d  
P R L  le v e ls  w ere  s t i l l  e le v a te d  60 m in  a f te r  M E T  a d m in ­
is tr a t io n . I n  th e  a z o o sp e rm ic  g ro u p , th e  b a s a l  P R L  lev e l 
w as 14.5 ±  11.7 n g /m l. T h is  w as n o t  s ig n if ican tly  d iffe re n t 
f ro m  th e  c o n tro l v a lu e . T h e  p e a k  re sp o n se  to  T R H  w as 
e v id e n t a t  20 m in  (70.8 ±  17.9 n g /m l) . T h e  p e a k  re sp o n se  
to  M E T  w a s also  s e e n  a t  20 m in  (117.7 ±  26.6 n g /m l) . A s 
in  th e  c o n tro ls , th e  p e a k  re sp o n se  to  M E T  w as g r e a te r  
th a n  to  T R H  ( P  <  0.001). M o re o v e r, a t  a ll  tim es, th e  
re sp o n s e s  to  b o th  T R H  a n d  M E T  w ere  g r e a te r  in  p a ­
t ie n ts  t h a n  in  c o n tro ls  ( P  <  0.001).

C o rre la tio n s

W h e n  in d iv id u a l c o n tro ls  a n d  D B C P -e x p o se d  p a tie n ts  
w ere  c o n s id e re d  to g e th e r ,  th e  p e a k  P R L  re sp o n se  to  
T R H  c o rre la te d  w ith  b o th  b a s a l  F S H  (r  =  0.62; P  <
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T a b l e  1. E *  to ta l T , TeBG , and  ca lcu la ted  free T  levels in  DBCP- 
exposed  sub jec ts  an d  controls

e 2
(pg/m l)

T o ta l T  
(ng/m l)

TeB G
(nm ol/liter)

F ree  T  
(pmol/H- 

ter)

D B C P
M ean 30.4" 8.96 26.4C 930
±SD 4.7 1.0 7.2 430

C o n tro l
M ean 22.1 5.9 16.0 590
±SD 6.9 2.0 8.0 240

n P  <  0,05 vs. controls.
6 P  <  0.005 vs. controls. 
r P  <  0.01 vs. controls.

0.001) an d  L H  (r  =  0.49; P  <  0.005) a s  w ell a s  p e a k  L H  
(r  =  0.63; P  <  0.001) a n d  F S H  (r =  0.63; P  <  0.01) 
r e sp o n s e s  to  L R H . T h e re  w ere  s im ila r  c o rre la tio n s  b e ­
tw e e n  th e  p e a k  P R L  re sp o n se s  to  M E T  a n d  b a sa l an d  
p e a k  g o n a d o tro p in  re sp o n ses  to  L R H . W h e n  th e  tw o 
g ro u p s  w ere  co n s id e re d  to g e th e r , th e re  w as a  co rre la tio n  
b e tw e e n  T e B G  lev e ls  an d  th e  p e a k  P R L  re sp o n se  to  b o th  
T R H  an d  M E T  (r =  0.49; P  <  0.05). H o w ev er, th e r e  w as 
n o  c o rre la tio n  b e tw e e n  p e a k  P R L  re sp o n se s  a n d  b asa l 
E 2, T , a n d  E z „o T  ra tio s.

D iscussion

T h e  in d u s tr ia l  chem ica l D B C P , w h ich  is u se d  as a  
n e m a to c id e , h a s  b e e n  d esc rib ed  a s  se lec tiv e ly  im p a irin g  
sp e rm a to g e n e s is  (3, 6 ). In  a ll cases, te s tic u la r  b iopsy  
sh o w e d  c o m p le te  ab sen ce  o f  a ll  s ta g e s  o f  sp e rm a to g e n e ­
sis , w ith  S e r to li  cells a lo n e  b e in g  n o te d  o n  lig h t  m icro s­
c o p y  (3). L ey  d ig  cells a p p e a re d  n o rm a l in  r e g a rd  to  b o th  
m o rp h o lo g y  a n d  n u m b er. T h e  n o rm a l te s tic u la r  vo lum e 
in  th e  p re se n c e  o f  su ch  se v e re  a t ro p h y  o f se m in ife ro u s  
tu b u le s  is s u rp r is in g  a n d  is d ifficu lt to  ex p la in . T h e  se m ­
in ife ro u s  tu b u le  d am ag e  m a y  ex p la in  th e  h ig h  b a sa l F S H  
lev e ls  a n d  ex a g g e ra te d  re sp o n se  to  L R H , a  p h e n o m e n o n  
w h ic h  h a s  b e e n  d o c u m e n te d  p rev io u sly  (7). B a sa l L H  
le v e ls  w ere  a lso  increased , a l th o u g h  n o t  to  th e  sam e 
d e g re e  as F S H . T h e re  w as also  an  in c re a se d  L H  resp o n se  
to  L R H . T h is  L H  p a t te rn  o c c u rre d  in  th e  p re se n c e  of 
in ta c t  T  lev e ls  a n d  a  n o rm a l l ig h t  m ic ro sco p ic  a p p e a ra n c e  
o f  L eyd ig  cells . T h e re  a re  a  n u m b e r  o f  r e p o r ts  o f  germ in a l 
ce ll ap la s ia  a c c o m p a n ie d  b y  in c re a se d  b a sa l L H  levels o r  
e x a g g e ra te d  re sp o n se s  to  L R H  (7-9). T h is  su g g e sts  th a t  
L ey d ig  ce lls a re  also  invo lved  in  th e  p a th o lo g ic a l p rocess. 
F u r th e r  e v id e n c e  o f p ro b a b le  L ey d ig  ce ll in v o lv e m e n t in  
a z o o sp e rm ia  w a s  d e m o n s tra te d  b y  B a k e r  e t  a l. (10), w ho 
sh o w e d  im p a ire d  te s to s te ro n e  re sp o n se s  to  h C G . In  o u r 
p a tie n ts ,  to ta l  T  levels w ere  in c re a se d . T h is  w as p ro b ab ly  
r e la te d  to  th e  e lev a tio n  in  T e B G  levels, a s  free  T  levels 
w ere  n o rm a l.

D e sp ite  n o rm a l b asa l P R L  lev e ls  in  o u r  su b je c ts , th e re

w as a n  ex a g g e ra te d  P R L  re sp o n se  to  b o th  T R H  a n d  
M E T . In  c o n tro ls  a n d  p a tie n ts , th e  P R L  re sp o n se  to  
M E T  w as g re a te r  th a n  to  T R H , a  p h e n o m e n o n  w h ic h  
h a s  b e e n  d esc rib ed  (11, 12). P re v io u s  r e p o r ts  h a v e  a lso  
d o c u m e n te d  P R L  h y p e rre sp o n s iv e n e ss  to  T R H  in  te s t i c ­
u la r  fa ilu re  (1) a n d  in  K lin e fe lte r 's  sy n d ro m e  (2), b u t  th i s  
h a s  n o t  b e e n  a  u n ifo rm  o b se rv a tio n  (13). T h e  p o s itiv e  
c o r re la tio n  n o te d  b e tw e e n  g o n a d o tro p in s  a n d  p e a k  P R L  
re sp o n se s  to  T R H  a n d  M E T  su g g e sts  t h a t  th e  P R L  
p ro file  m a y  b e  r e la te d  to  th e  e le v a te d  g o n a d o tro p in  
levels . H o w ev er, th e  a b s e n c e  o f  a n  e x a g g e ra te d  P R L  
re sp o n se  to  T R H  in  m a le  c a s tra te s  (14) a n d  th e  re d u c t io n  ’ 
in  p i tu i ta ry  P R L  c o n te n t  a n d  P R L  re sp o n se  to  M E T  in  
c a s t ra te d  m a le  r a t s  (15) im p lie s  t h a t  h ig h  g o n a d o tro p in s  
a lo n e  a re  n o t  a  d o m in a n t fa c to r  in  th e  e x a g g e ra te d  P R L  
re sp o n se  a n d  su g g e sts  t h a t  a  te s tic u la r  p ro d u c t  is  m o d u ­
la t in g  P R L  se c re tio n .

W e  h a v e  p re v io u sly  n o te d  th a t ,  in  s u b je c ts  w ith  p r i ­
m a ry  te s tic u la r  fa ilu re , th e  e x a g g e ra ted  P R L  re sp o n s e  to  
T R H  is d ire c t ly  re la te d  to  th e  E 2  to  T  r a t io  ( 1 ). In  th e  
p r e s e n t  se ries , how ev er, th e re  w as no  c o r re la tio n  b e tw e e n  
p e a k  P R L  re sp o n se s  a n d  to ta l  E 2  o r  th e  E% to  T  ra t io . 
D e s p ite  th is , th e  e x a g g e ra ted  P R L  re sp o n se  in  D B C P -  
in d u c e d  azo o sp e rm ia  co u ld  b e  r e la te d  to  e s tro g e n s , s in c e  
m e a n  E% lev e ls  w ere  h ig h e r  th a n  in  c o n tro ls  a n d  i t  is  w e ll 
k n o w n  t h a t  e s tro g e n s  c a n  p ro d u c e  h y p e rp ro la c tin e m ia  
(16) a s  w ell a s  a n  in c re a se  in  T e B G  (17). T h e  in c re a se  in  
T e B G  lev e ls  m a y  in  p a r t  ex p la in  th e  o b se rv e d  e le v a tio n  
in  to ta l  T . I n  ad d itio n , th e  e le v a te d  T e B G  lev e ls  in  th e  
D B C P  g ro u p  su g g e sts  a  s ta te  o f  r e la t iv e  e s tro g e n  ex cess 
c o m p a re d  to  th e  c o n tro l g roup . M o re o v e r, th e  o b se rv e d  
c o r re la tio n  b e tw e e n  th e  T e B G  c o n c e n tra t io n  a n d  th e  
p e a k  P R L  re sp o n se  is  c o n s is te n t w ith  a ro le  fo r e s tro g e n  
in  m e d ia tin g  th is  re sp o n se . T h e  c o n c e p t t h a t  th e  e x a g ­
g e ra te d  P R L  re sp o n se  is  re la te d  to  e s tro g e n s  is  f u r th e r  
s t r e n g th e n e d  b y  o u r  r e c e n t  o b se rv a tio n s  t h a t  th e  a n t ie s ­
tro g e n  c lo m ip h e n e  c i tr a te  a t te n u a te s  th e  e x a g g e ra te d  
P R L  re sp o n se  to  T R H  in  a zo o sp e rm ia  (14).
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D i s s o c i a t i o n  Between S l e e p - R e l a t e d  and T R H - I n d u c e d  P r o la c t in  
S e c r e t io n  in S e m in i f e r o u s  Tubule  Fa i lu re

I. M. Sphz, P . Lavie, N. Calderon, C. R. G ordon, A. O ksenberg . M. Ron, N. Laufer, Y. Livshin, and  J . Schenker

P ro lac tin  (PRL) sec re tio n  has been m easured  during staep  and following TRH adm in istra tion  in 8 p a tien ts  aged 2 4 -3 9  yr 
w ith  sem iniferous tubule failure and 36 contro ls. Basal LH levels w e re  25 .7  ± 14 .7  m tU /m l in th e  p a tien ts  com pared  to
1 1 .5  ± 4 .2  m lU /m l in the  contro ls  ip  <  0,01). Corresponding FSH leve ls  w e re  26 .2  ± 10.7 m lU /m l and 5.9 ± 2.1 m l U / m l  
(p  <  0.001). M ean estradio l 17B and te s to s te ro n e  levels w ore  sim ilar in th e  2 g roups. T he m ean PRL secre tion  during sleep 
w a s  16.5 + 11.7 n g /m l in th e  pa tien ts  and not d ifferen t in 11 of th e  con tro ls  (12.4 t  3 .2  ng /m l). One pa tien t had a m ean 
n o c tu rn a l PRL con cen tra tio n  of 44.1 n g /m l. In bo th  groups, th e  m ea n  aleep  re la te d  PRL concen tra tion  w as g re a te r  than 
th a t  during w aking hours. The average num ber of poaks in th e  2 g ro u p s w as sim ilar. In th e  sam e pa tien ts , th e  peak  PRL 
re sp o n se  to  TRH (200 ug IV) w as  81,9 ± 18.8 n g /m l a s  com pared  to  32.1 ± 10.7 n g /m l in th e  contro ls (p •- 0.001). It is 
concluded  th a t  PRL concen tra tions follow ing pharm acological stim u la tion  a re  in c reased  in sem iniferous tubule failure, 
w h e re a s  levels a re  norm al in relation to  th e  physiological s tim ulus of s leep .

W E H A V E  previously shown that  pat ients with 
p r im a ry  testicular fai lure and elevated gona­

dotropin  levels have exaggerated prolactin (P R L ) 
responses following administrat ion  of thyrotropin 
releasing horm one (T R H ) and the dopaminergic 
an tag o n is ts  m etoc lop ram ide  and chlorprom azine .  
Bflsai PR L  levels, however, were within the normal 
r a n g e .1 4 S ince  these stimuli for P R L  secretion are  
pharm acological ,  the precise physiological relevance 
o f  this enhanced P R L  response is questionable.

It is well known that  there is a c ircadian rhy thm  of 
P R L  secretion related  (o Che sfeep-wake cycle.5 8 
A ugm en ted  P R L  secretion characteristically begins 
60 minutes a f te r  sleep onset and continues with consis­
ten t  further  increases of  concentrat ions through the 
n ight  to reach peak values during  the la tter  part  of the 
sleep period. Levels (hen decrease abrup tly  within one 
h o u r  o f  waking. T he  aim of the present study was to 
evaluate  P R L  secretion during  EEC monitored sleep 
in patients with primary  tes ticular failure and seminif­
erous tubule failure. O ur  results have shown that  the 
m agn i tude  o f  the  P R L  clevaiion in sleep in these 
subjects is sim ila r  to that  of  normal controls.

M A T E R I A L S  A N D  M E T H O D S

T h e  p a t ie n t  g r o u p  c o m p ris e d  8 m a le s  a g e d  24 3V y r  o f  a g e  u h o  
h a d  b e e n  re f e r r e d  to  o u r  in f c r l i l i iy  c l in ic . A ? o o s p c rm ia  w a s  e v id e n t 

in  6  p a t ie n ts  a n d  th e  r e m a in in g  tw o  h a d  se v e re  o lig o sp e rm ia  w ith

F r o m  t h e  D e p a r t m e n t  o f  E n d o c r i n o l o g y  a n d  M e t a b o l i s m .  S h a a r c  

Z e d e k  M e d i c a l  C e n t e r ,  J e r u s a t e n i ,  S l e e p  L a b o r a t o r y ,  F a c u l t y  o f  

M e d i c i n e ,  T e c h n i o n ,  H a i f a ,  a n d  D e p a r t m e n t  o f  O b s t e t r i c s  a n d  

G y n e c o l o g y ,  H a d a s s a h  U n i v e r s i t y  H o s p i t a l ,  J e r u s a l e m ,  I s r a e l .

R e c e i v e d  f o r  p u b l i c a t i o n  N o v e m b e r  M ,  1 9 8 0 .

S u p p o r t e d  b y  g r a n t s  t o  I M S  f r o m  t h e  C h i e f  S c i e n t i s t ' s  O f f i c e ,  

M i n i s t r y  o f  H e a l t h ,  I s r a e l ,  a n d  t h e  W o l i n s k y  B e s s i n  R e s e a r c h  

F u n d ,  T o r o n t o ,  C a n a d a .

A d d r e s s  r e p r i n t  r e q u e s t s  t o  I .  M .  S p i t z .  M D ,  D e p a r t m e n t  o f  

E n d o c r i n o l o g y  a n d  M e t a b o l i s m .  S h a a r e  Z e d e k  M e d i c a l  C e n t e r ,  

B o x  2 9 S ,  J e r u s a l e m  9 1  0 0 0 ,  I s r a e l .

K  1 9 8 2  b y  G r u n e  it S t r a t t o n ,  I n c .

0 0 2 6 - 0 - t 9 5 / 8 2 / 3 t 0 l - t i < X ) 3 $ 0 ! . 0 0 / 0

s p e r m  c o u n ts  b e lo w  6  m i l l io n /m l .  In  n o n e  w a s !h e re  c l in ic a l  tn v n lw  

m e n t  o f  L e y d ig  c c ll fu n c tio n  a n d  a ll h a d  in ta c t  s e c o n d a n  sen 
c h a r a c t e r i s t i c s  w i th  n o rm a l  l ib id o  a n d  p o te n c y . T e s t ic u la r  v o lu m e 
w a s  r e d u c c d  in  a l l  8  s u b je c ts .  N o n e  h a d  a n y  c l in ic a lly  d e l e t t a b lc  

c n d o c r in o p a th y  a n d  a ll h a d  c h r o m a t in  n e g a tiv e  b u c c a l  sm ear.<  T h e  
c o n t r o l  g r o u p  c o m p r is e d  3 6  h e a l th y  m a le s  a g e d  1 9 -3 5  y r.

S tu d y  Protocol
In f o r m e d  c o n s e n t  w a s  o b ta in e d  in  e a c h  c a s e .  A ll p a t ie n ts  a m i 11 

o f  t h e  c o n tro ls  s le p t  fo r  2  n ; r»hts in  th e  s le e p  la b o ra to ry  a t  i l ie 'r  
h a b i t u a l  s le e p  t im e , w h ile  s im u l ta n e o u s  e le c tro c n c c p h a lo y r a m  
( E E C ) ,  e le c t ro o c u lo g ra m  a n d  c le c tro m y o g ra m  re c o rd in g s  w ere 

o b t a in e d .  S u b je c t s  a r r iv e d  a t  th e  c e n te r  a t  6  p .m . D u r in g  th e  h r u  
n ig h t ,  t h e  s u b je c t s  rc c c rv c d  a  c o n t in u o u s  s a l i n e  i n f u s i o n .  O n  Jh c  
s e c o n d  n ig h t ,  b lo o d  s a m p le s  w e re  c o lle c te d  a t  15 m in  i n t e m i s  in 
c o n t r o l s  a n d  a t  20  m in  in te rv a ls  in  th e  p a t ie n ts .  A f te r  s le e p  ?»uges 

w e r e  s c a r e d .9 t h e  m in u te s  o f  e a c h  s le e p  s ta g e  p e r s a m p le  i n i v m l  
w e r e  c o m p u te d  a c c o rd in g  to  s t a n d a r d  p ro c e d u re s .10 '  T h e  m c.i :i 
s l e e p  P R L  c o n c e n t r a tio n  re p re s e n ts  th e  m e a n  o f  th e  s a m p le s  fa ll in g  

w i th in  th is  p e r io d . S im i l a r  a n a ly s e s  w e re  d o n e  fo r  th e  m e a n  w .ik im i 

P R L  c o n c e n tra tio n s .
O n  a  s u b s e q u e n t  o c c a s io n , a ll 8 p a t ie n ts  a n d  28 o f  th e  c u n 'm U  

w e r e  a ls o  c h a l le n g e d  w ith  T R H  ( 2 0 0  u g )  a d m in is te re d  IV  a i  X .< m . 
w i th  b lo o d  s a m p le s  b e in g  ta k e n  a t  10. 2 0 . a n d  30  m m  . i l tc r  th e  

T R H .
T h e  S tu d e n t ’s t  t e s t  w a s  u se d  to  c a lc u la te  th e  d iffe re n c e s  b c l ^ m ?  

m e a n  s le e p  a n d  w a k in g  p e r io d s  a s  w ell a s  b e tw e e n  p a t i e n t '  .m il 

c o n t r o l s .

M e thods
S c r u m  L H , P S H . P R L . te s to s te ro n e  ( T ) ,  1 7 lS -estrad io l ( U . i  a n d  

c o r t i s o l  w e re  d e te r m in e d  b y  p re v io u s ly  d e s c r ib e d  m e th o d s . ' 1  II 

a n d  F S H  lev e ls  w e re  e x p r e s s e d  by rc fc r e n c c  to  (h e  S e c o n d  ) n h "  n a ­
t io n a l  R e fe re n c e  P r e p a r a t io n  o f  h u m a n  m e n o p a u sa l  g o n a d o tro p in s .  
T h e  a c tu a l  s t a n d a r d  u se d  in  th e  n s s a )  w a s  th e  In te r n a t io n a l  R v lc r  

c n c c  P r e p a r a t io n  o f  p i t u i t a r y  F S H  a n d  L H  ( 6 9 / 1 0 4 ) .  T h is  s f . i m ' . t r d  

a n d  th e  P R L  s ta n d a r d  ( 7 5 / 5 0 4 )  w e re  k in d ly  p ro v id e d  by th e  
D iv is io n  o f  B io lo g ic a l S ta n d a r d s  a n d  C o n tr o l ,  H a m p s te a d ,  L o n d o n . 
E n g la n d .  A n t i s c ra  to  L H , F S H , a n d  P R L  w e re  k in d ly  s u p p l ie d  b \  
t h e  N a tio n a l  P i tu i t a r y  A g e n c y , N a tio n a l  I n s t i tu te  o f  A r th r i t i s .  

M e ta b o l i s m  a n d  D ig e s tiv e  D ise a se s , B e th c s d a , M d .

RESULTS

In the control  subjects,  the mean i SD basal 1.11 
an d  FSH  levels were 11.5 ± 4.2 m l U / m l  and 5.1) ± 2.1 
m l U / m l ,  respectively. In the patients, mean I.H
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values were 25.7 + 14.7 m l U / m l  ( p <  0 . 0 1 compared 
to the controls)  and FSH  levels were 26.2 ± 10.7 
m l U / m l  { p  <  0.001 compared  to the controls).  T he  
peak L H  responses to 100 ug L H R H  were 57.1 ± 13.9 
m l U / m l  in the controls and 196.6 ± 77.6 m lU /m l  in 
the patients ( p  < 0 .001). Corresponding peak FSH 
levels were 9.4 ± 2.7 m l U / m l  and 58.3 ± 20.0 
m l U / m l  { p  <  0.001). M ean  + SD serum testosterone 
levels were s imilar  in the pat ients (6.1 ± 2.9 ng /m l)  
and  controls (5.9 ± 2.0 n g /m l ) .  Estradiol 17B (E2) 
levels w e re  a lso  not d i f fe ren t  in th e  pa t ien ts  
(26.3 ± 6.3 p g /m l )  and controls (27.1 + 6.9 pg /m l) .

T h e  individual mean sleep and waking P R L  concen­
trat ions o f  all  the patients and controls a re  shown in 
T a b le  1. M ean  levels during  the whole s tudy in the 2 
groups a re  shown in Fig. I. It is evident tha t  PRL  
concentra t ions rose in sleep in both groups.  T hree  of  
the  8 patients  had mean sleep concentrations exceed­
ing 16 n g /m l  O ne subject , in fact, had a sleep value of
44.1 n g /m l .  His results a re  shown in Fig. 2, together 
with G i l ,  L H ,  FSH. cortisol, sleep stages and REM . 
Only  one control  had a P R L  concentration greater  
th a n  16 n g /m l .  T h e  mean ± S D  sleep P R L  concentra­
tion was 16.5 ± 11.7 n g /m l  in all the patients and
12.4 ± 3.2 n g /m l  in the controls. These levels were not 
dif ferent  f rom one another.  Mean waking P R L  
concentra t ions were 9.0 + 2.7 ng /m l in the patients 
an d  8.9 ± 1.8 n g /m l  in the controls. N e i ther  of  these 
values were difierent from one another.  However, 
m ean  sleep levels exceeded m ean waking levels in both 
patients ( p  < 0.05) and controls ( p < 0.01) . In each

T able  1. M ean  S le ep  and  W aking  PRL C oncentra tions; in P a tie n ts  
W ith  S e m in ife ro u s  T ubu le  Failure  and  C on tro ls

Mean PRL Concentrations (ng/ml}

Patents Controls

Case
no. Sleep Waking Sleep Waking

1 44.1 11.7 1 9.8 8.2
2 16.2 11.4 2 15.7 11.0
3 18.8 8 .5 3 10.8 7.5
4 1 1.8 — 4 14.6 —
5 1 1.9 12.2 5 9.2 8.1
6 9.1 7.1 6 13.6 7.2
7 10.7 5 .8 7 13.2 10.4
8 9 .2 6 .5 8 19.4 12.2

9 10.7 8.8
10 10.7 9.4
11 9.2 6.6

Total Mean 16.5 9 .0 12.4 8.9
i  SD 11.7 2 .7 3 .2 1.8

subject , peaks o f  P R L  secretion were seen during 
sleep. These  have been defined as m aximum levels 
exceeding 1.75 S D  of the mean individual PRL 
concentrations. T h e  average num ber  of  peaks was 1.3 
in the  patients and  1.6 in the controls.

Spectral  analysis revealed th a t  in both groups, must 
o f  th e  var iance  w as concentra ted  a t  the slow frequen­
cies o f  less than  3 cycles a day. Cross correlation 
analys is between P R L  levels and the sleep s tage  time 
series did not reveal any consistent temporal relation­
ship between an y  o f  the sleep stages including REM  
and  PR L . T h e  average Pearson product correlation

P a t i e n t s
16

2

o 8

Fig. 1. M ean  ± SEM PRL 
lev e ls  d u rin g  th e  n oc tu rm il s tu d y  
in th e  p a tie n ts  w ith  sem in ife ro u s  
tu b u le  failu re  (u p p e r  panel) and 
th e  c o n tro l s u b je c ts  (low er p a n ­
el}. P a tie n t  N o. 1 h a s  b een  o m it­
te d .  S O. «  S le ep  o n se t.

N orm a ls

6 7531 42

Hours of Sleep
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Fig. 2 . PRL, GH, LH, FSH. co rtiso l, s le e p  s ta g e s  and  REM in 
p a tie n t  No. 1. Timtf 0  = 12  m id n ig h t. GH an d  co rtiso l sh o w  th e  
norm al n o c tu rn a l p ro file . T h e re  is no  sp ecific  p a tte rn  fo r LH or 
FSH.

coefficients between P R L  levels and  the sleep stages 
did not approach  statis tical significance.

In the T R H  study, there were no differences in 
basal P R L  levels in the patients and the controls. 
Following T R H ,  the peak P R L  response occurred at 
the 20 min sam ple  in both groups.  This was 81.9 ±
18.8 n g /m l  in the patients and 32.1 ± 10.7 ng /m l  in 
the controls (/7 <  0.001).

DISCUSSION

O ur  patients dem onstra ted  seminiferous tubule fail­
ure in association with elevated LH  and FSH , but 
normal testosterone and estradiol levels. Elevation of 
LH together  with normal testosterone is an indication 
o f  a s ta te  o f  compensated Ley dig cell fa ilure .1'1 This 
s ta te  can be m ore  clearly docum ented by the demon­
stration o f  a subnormal response of  testosterone to 
h C G  s t i m u l a t i o n . 15 W e  h ave  d o c u m e n te d  this

hormonal profile previously in our  o ther  patients with 
p r im ary  testicular fai lure2 as well as  in those with 
azoospermia secondary to exposure to dibromochlnm - 
propane.4 Burman et al. have also observed this in 
their  patients with Klinefel ter’s syndrome." '

T h e  increased P R L  secretion occurr ing  a t  night 
confirms observations m ade by previous workers .'  1 
A lthough  it has been suggested th a t  nocturnal  rises of 
P R L  secretion a re  related to sleep stages within a 
min im a in R E M  and  an ascent to m axim a in non- 
R E M  segments,7 this was not evident in e i ther  pat ients 
or  controls and o ther  workers have also failed to 
observe this.17 Increased nocturnal P R L  secretion was 
noted in both patients and controls and  there were no 
differences in mean sleep levels or the num ber  o f  P R L  
peaks in the two groups.  Thus,  patients with seminif­
erous tubule fa ilure  have basal P R L  concentrations 
dur ing  both the day  and a t  night,  which a rc  s imilar  to 
the controls. In contrast, these patients had an  exag­
gera ted  P R L  response following T R H  administrat ion .  
T h is  l a t t e r  o b se rv a t io n  has  been  d o c u m e n te d  
previously by our group as well as by o ther  workers 
and also occurs with other  pharmacological s t im u ­
li.1''4,16 Total  E2 levels were not elevated in these 
patients and have not  been observed to be uniformly 
increased in our o ther  patients with p r im ary  testicular 
failure and hypergonadotropic hypogonadism.1 ’ D e­
sp ite  this, we have suggested tha t  the  exaggerated  
P R L  response following pharmacological s t imulation 
m ay  be estrogen m edia ted .1  ̂ T he  main evidence for 
this is that  the increased P R L  response is reduced 
following administration of  the estrogen an tagonist 
clomiphcnc citrate."* It is possible that  free li : levels 
a re  increased in these subjects.

O u r  findings in these male patients a re  very c o m p a ­
rable  to observations in normal women. T h e  latter  
have increased P R L  responses following ad m in is t r a ­
tion of  T R H  as well as o ther  s t im uli ,1'' a l though 
basal P R L  levels during the day and night a re  not 
g rea te r  than in men.21,22 M arked ly  elevated estrogen 
levels such as occur, for example, in prcgn:mc> howev­
er, a re  associated with increased basal P R L  co n cen t ra ­
tions.21 23 This da ta  suggests tha t  changes in e s tn u c n  
in the physiological range mainly modulates the P R L  
response to pharmacological stimuli,  i.e., provoked 
P R L  secretion and has less effect on tonic basal P R L  
levels. T he  reason for the exaggerated  PR !,  rise 
following pharmacological stimulation and the normal  
response to sleep, is probably related to the s trength  of 
the  stimulus. Pharmacological stimuli a re  employed at  
the ir  maximally effective doses and a re  very potent . 
O n  the other hand, P R L  levels achieved in sleep are 
lower. Thus,  in a situation of  mild to m oderate  P R L  
cell hyperplasia, the  ambient  diurnal and nocturnal
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levels a rc  not elevated,  but  with pharmacological 
provocation, hypcrrcsponsivity is detected. Assuming 
th a t  the increase in P R L  response in seminiferous 
tubule  failure is related to subtle changes in estrogens, 
this could explain why nocturnal  P R L  levels are  simi­
la r  to controls. O n  the o ther  hand,  there is an  increased 
provoked response following T R H  as well as other  
s timuli.

It is well known th a t  hypcrprolac tinemia has an 
inimical effect on gonadal function in both the male 
an d  the female.23 P R L  concentrat ions a rc  normal

under  physiological conditions in seminiferous tubule 
failure. This suggests that  the exaggera ted  P R L  
responses noted on pharmacological stimulation  a rc  a 
result  o f  the testicular  disorder and in themselves, 
have little effect on testicular function.
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Clomiphene Attenuates the Exaggerated Prolactin 
Response to Thyrotropin-Releasing Hormone and 
Metoclopramide Occurring in Primary Testicular 
Failure*
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ABSTRACT. T h is  s tudy  has  eva luated  th e  effect of th e  estro ­
gen antagonist clom iphene c itra te  on th e  exaggerated  P R L  re­
sponse to  T  rtH and  th e  dopam inergic an tagon is t m etoclopram ­
ide (M ET) in 16 patien ts  w ith  p rim ary  te sticu lar failure and 
elevated basal and  peak  gonadotropin  responses to  LR H . S ub­
jects were challenged w ith  L R H  (100 /ig), T R H  (200 fig), and 
MET (10 mg), given iv a t  30-min in tervals  in  th e  basal s ta te  and 
after clom ipnene citra te , adm in iste red  as  a  daily  dose o f 100 mg 
for 4 weeks (10 subjec ts), 200 m g for 4  w eeks (3 subjects), and 
100 mg for 8 w eeks (3 sub jec ts). T h e  p a tien ts  w ere subdivided 
into 2 groups on th e  basis o f th e  P R L  response to T R H  and 
MET, which w as exaggerated  in 12 sub jec ts  (group I) and  sim ilar 
*o the controls in  4 sub jec ts  (group II). M ean  basal LH , FSH , 
and LH (b u t n o t FSH ) responses to  L R H  w ere increased  post 
clomiphene tre a tm e n t in  bo th  groups. T esto sterone  levels we’

AN E X A G G E R A T E D  P R L  re sp o n se  to  T R H  h a s  
been d e sc rib e d  in  p a t ie n ts  w ith  p r im a ry  te s tic u la r  

failure as well a s  in  su b je c ts  w ith  d ib ro m o  ch lo ro p ro p an e - 
induced azo o sp erm ia  (1 -3). S in ce  e s tro g e n s  li.iv - th e  
capacity to in c re a se  P R L  (4, 5), i t  w as su g g e sted  t h a t  th is  
enhanced P R L  re sp o n se  m ig h t b e  a n  es tro g en -in d u ced  
phenomenon (1 -3 ). T h e  p r e s e n t  s tu d y  w as th e re fo re  
designed to a ssess  th e  P R L  re sp o n s e s  to  s tim u la tio n  a fte r  
blockade of th e  e s tro g e n  re c e p to r  w ith  th e  n o n s te ro id a l 
estrogen a n ta g o n is t c lo m ip h e n e  c i t r a te  (6 -10). A cco rd ­
ingly, p a tien ts  w ith  p r im a ry  te s tic u la r  fa ilu re  w ere  c h a l­
lenged with T R H  a n d  a n  a d d it io n a l  P R L -p ro d u c in g  s tim ­
ulus, the d o p a m in e rg ic  a n ta g o n is t  m e to c lo p ra m id e
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norm al in b o th  groups, b u t 17/3-estradiol (Ej) levels w ere in ­
creased  in  group I. A fter clom iphene adm in istra tion , bo th  tes­
toste rone and  Ez increased  in group I  subjects. B asal P R L  levels 
w ere norm al in b o th  groups, and  the re  w as no change after 
clom iphene tre a tm en t. H ow ever, th e  exaggerated P R L  responses 
to  bo th  T R H  an d  M E T  in group 1 sub jec ts  w ere decreased  afte r  
clom iphene adm in istra tion . N evertheless, levels w ere still 
g rea te r th a n  those  in the  contro ls. In  con trast, in  group II 
subjec ts, th e  P R L  response to  T R H  o r  M E T  w as n o t a lte red  by 
clom iphene. T h e  reduction  in  th e  exaggerated P R L  response to 
T R H  and  M E T  consequen t to  clom iphene adm in is tra tion  in 
group I sub jec ts  im plies th a t  th is  phenom enon is likely to  be 
estrogen induced. T h is  is sup p o rted  by the  high E? levels in  th is 
group o f pa tien ts . (<7 C lin  E n d o c rin o l M etab  52: 289, 19b!)

(M E T ), b o th  b e fo re  a n d  a f te r  th e  a d m in is tra t io n  o f  c lo m ­
ip h e n e . 

M a t e r i a l s  a n d  M e th o d s

T he patien ts comprised 16 males, aged 24-41 yr, referred to 
the infertility clinic. On th e  basis of their PR L  responses to 
T R H  and M E T , the  subjects were subdivided into two groups. 
Group I com prised 12 patien ts with exaggerated PR L  responses 
to both stim uli. Group II was m ade up of 4 subjects with PR L  
responses to T R H  and M E T  sim ilar to the  controls.

Azoospermia was evident in seven patients of group I and 
one subject of group II. T h e  remaining subjects had severe 
oligospermia, w ith sperm  counts below 6  m illion/m l. In  none 
was there clinical involvem ent of Leydig cell function, and all 
had  in tac t secondary sex characteristics w ith norm al libido a? d 
potency. T esticu lar volume was reduced in eight subjects of 
group I and th ree  of group II. None of the  subjects had any 
clinically detectable  endocrinopathy, and all had  chrom atin- 
negative buccal smears. In  those subjects in whom testicular 
histology was available, it  showed germinal cell a rre st w ith 
absence of sperm atogenesis beyond the  prim ary sperm atocyte 
stage in one sub ject of group I. In three subjects of g r' jp  I and
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1 su b je c t o f group II, there  was marked sem iniferous tubule 
hyaiinization. In two subjects o f group I, the  appearance was 
characteristic  of germ inal cell aplasia (Sertoli cell-only syn­
drome) . In  one subject o f each of the groups, there  was a mixed 
p icture, w ith  the m ajority  o f tubules being lined by Sertoli cells 
bu t som e tubules show ing evidence of hyposperm atogenesis. 
T esticu la r failure was secondary to m um ps orchitis in one 
sub jec t o f  group II, and  bilateral cryptorchidism  had been 
surgically corrected in th ree  subjects of group I. T h e  rem ainder 
had  id iopath ic  prim ary testicular failure. N one of the  subjects 
had received any form of horm onal therapy  for a t  least 6  

m onths before testing.

S tu d y  protocol

In form ed  consent was obtained in each case. After an over­
n ight fast, an indwelling needle was inserted into an antecubital 
vein a n d  kept p a ten t with a slow infusion of physiological saline. 
Two o r  3 baseline sam ples were withdrawn via a 3-way stopcock 
from  th e  cannulated vein during a 30-min equilibration period. 
T h ereafter, 100 pg LR H , 200 pg TR H , and 10 mg M E T  were 
in jected  by rapid iv adm inistration  a t  30-min intervals; blood 
sam ples were taken every 10 min. All subjects received both  
LRH , an d  TR H , and only 11 received the  M E T  injection.

A fte r com pletion o f th e  test, subjects were given clomiphene 
c itra te  according to the  following protocols. 1) E ight subjects of 
group I  and 2 of group II  received 50 mg clom iphene twice daily 
for 1  m onth . 2) Two sub jects from group I and 1  from group II 
received 100 mg clom iphene twice daily for 1  m onth. 3) T h e  
rem ain ing  3 subjects received 50 mg clom iphene twice daily for
2 m onths. On the las t day  of the  clom iphene course, the LRH- 
T R H -M E T  protocol was repeated. B oth  tests were subse­
qu en tly  determ ined in the  sem e RIA and the  results were 
com pared  to those from  a group of 28 norm al male controls, 
aged 20-40 yr, who received the same protocol, b u t w ithout 
clom iphene.

M eth o d s

L H , FSH , PRL, 17/3-estradiol (Ed, and testosterone (T) were 
m easured  as previously described (1). A ntisera to LH, FSH, 
and P R L  were supplied by th e  N IAM DD . S tandards for LH, 
FSH , and PRL were supplied by th e  Division of Biological 
S tan d a rd s  and C ontrol (H am pstead, London, England). In te ­
gra ted  LH, FSH , and  P R L  secretion after stim ulation was 
calcu lated  by linear interpolation (120 min after LRH for LH 
and FSH ; 30 min after T R H  and 60 m in after M ET for PRL). 
Increm en ta l secretion was expressed as the  difference between 
the  a rea  under the  curve after stim ulation and the basal area. 
All re su lts  were analyzed using paired and unpaired S tudent's 
t te s ts  as aporopriate.

Results

S in c e  th e re  w e re  no  d iffe ren ces in  re sp o n se s  w ith  th e  
th r e e  d o se  s c h e d u le s  o f  c lo m ip h en e , a ll o f  th e  re s u lts  o f 
e a c h  sp e c ific  g ro u p  h a v e  b e e n  p o o led .

Gonadotropins, T, and E% levels (Table I)

M e a n  b a s a l L H  a n d  F S H  lev e ls  a n d  p eak  gonadotropin 
re sp o n se s  to  L R H  w ere  h ig h e r  (P  <  0.001) in patients nl 
b o th  g ro u p s  I  a n d  I I  th a n  in  co n tro ls . Ah gh ahu
e le v a te d , b a s a l L H  lev e ls  in  g ro u p  I I  w ere  c .. slight It 
in c re a se d  c o m p a re d  to  c o n tro ls  (P  <  0.05). In  subjects ni 
th e  tw o  g ro u p s, b o th  b a s a l L H  a n d  F S H  levels as well as 
p e a k  a n d  in te g ra te d  g o n a d o tro p in  re sp o n ses to LRH 
w ere  in c re a se d  in  th e  t e s t  p e r fo rm e d  a f te r  clomiphenv 
a d m in is tra t io n  (T a b le  I ) . H o w e v e r , th e  A p e a k  (i.e. tIn­
d iffe ren ce  b e tw e e n  th e  p e a k  re sp o n se  a n d  th e  basal level' 
as w ell a s  th e  in c re m e n ta l  re sp o n se s  a f te r  LR H  wen- 
in c re a se d  w ith  L H  b u t  n o t  w ith  F S H  (T ab le  1). Tin- 
in d ic a te s  t h a t  o n ly  th e  L H , n o t  th e  F S H , response ic 
L R H  w as a u g m e n te d  a f te r  c lo m ip h e n e  adm inistration.

M e a n  ( ± s d )  T  lev e ls  w e re  6.7 ±  2.5 n g /m l in group 1.
4.4 ±  1.5 n g /m l  in  g ro u p  I I , a n d  5.9 ±  2.0 n g /m l in the 
co n tro ls . T h e re  w e re  n o  d iffe re n c e s  in  m ean  T  levels 
b e tw e e n  th e  tw o  p a t ie n t  g ro u p s  o r  b e tw e e n  th e  patients 
a n d  c o n tro ls . M e a n  Be lev e ls  in  g ro u p  I  su b je c ts  (45.6 z 
6.7 p g /m l)  w ere  s ig n if ic a n tly  h ig h e r  ( P  <  0.001) compared 
to  lev e ls  in  th e  c o n tro ls  (22.1 ±  6.9 p g /m l) .  V alues wen- 
28.0 ±  10.2 p g /m l  in  g ro u p  I I  su b je c ts , n o t  significantly 
d if fe re n t f ro m  th o s e  in  th e  c o n tro ls .

In  g ro u p  I a f te r  c lo m ip h e n e  a d m in is tra t io n  T  level" 
in c re a se d  to  11.8 ±  4.9 n g /m l, w h ich  w as significantly 
d if fe re n t ( P  <  0.01) f ro m  th e  p re c lo m ip h e n e  level. R. 
v a lu e s  in c re a se d  to  105,6 ±  19.3 p g /m l ( P  <  0.001, com­
p a re d  to  th e  in i t ia l  lev e l). A d e q u a te  d a ta  postclomiphenv 
t r e a tm e n t  w e re  n o t  a v a ila b le  fo r  g ro u p  I I  sub jec ts.

P P L  (Table 1 and  Fig. 1)

M e a n  b a sa l P R L  lev e ls  w ere  1 0 . 8  ±  2 . 2  n g /m l in group 
I  b e fo re  c lo m ip h e n e  a n d  9.2 ±  2.9 n g /m l a f te r  clomi­
p h e n e . C o rre sp o n d in g  lev e ls  in  g ro u p  I I  w ere  8.4 ±  2.'-’ 
a n d  7.6 ±  2.1 n g /m l,  re sp e c tiv e ly . P R L  levels w ere 9.6 ±
4.1 n g /m l  in  th e  c o n tro ls . I t  is  e v id e n t t h a t  th e  basal PRL 
lev e ls  w ere  s im ila r  to  th e  c o n tro l lev e ls  in  b o th  patient 
g ro u p s  a n d  t h a t  th e r e  w ere  no  c h a n g e s  a f te r  clomiphene 
tr e a tm e n t .

T h e  a d m in is tr a t io n  o f  T R H , fo llow ed  30 m in  later by 
M E T , w as c h a ra c te r iz e d  b y  tw o  d is t in c t  P R L  peaks in 
b o th  n o rm a l s u b je c ts  a n d  th o se  w ith  p r im a ry  testicular 
fa ilu re . In  a ll in s ta n c e s , th e  p e a k  a f te r  M E T  exceeded 
th a t  a f te r  T R H  (Fig. 1).

In  g ro u p  I, th e  m e a n  ( ± s d )  p e a k  P R L  response to 
T R H  w as 6 6 . 8  ±  18.2 n g /m l b e fo re  c lo m ip h en e . This 
d e c re a s e d  to  49.1 ±  15.7 n g /m l  a f te r  c lo m ip h e n e  (P < 
0.001). P e a k  P R L  re sp o n s e s  to  M E T  d e c re a se d  from 
174.2 ±  56.4 n g /m l  b e fo re  c lo m ip h e n e  to  127.9 ±  26.8 ng/ 
m l a f te r  c lo m ip h e n e  (P  <  0.05). I n te g ra te d  P R L  secretion 
a f te r  T R H  a s  w ell a s  t h a t  a f te r  M E T  w e re  a lso  decreased 
a f te r  c lo m ip h e n e  a d m in is tr a t io n  (T a b le  1 ). T h e  de-
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LH F S H P R L

B asal
(m lU /m l)

In teg ra ted  Increm enta l 
secretion  secretion  

(m lU /m l • min) (m lU /m l*  min)

B asal 
(m lU / 

ml •min)

In te g ra ted  Increm enta l 
secre tion  secretion 

(m lU /m l • m in) (m lU /m l • min)

B asal
(ng/m l)

In teg ra ted  secretion  
(ng /m l •min)

T R H  M E T

group 1 
Pre

Mean 24.7 1169.0 930.0 21.2 427.4 215.5 10.8 500.3 1645.2
± S D 13.2 553.1 485.2 9.7 165.4 97.0 2.2 139.6 447.4

Post
Mean 68.6 2262.1 1553.0 48.4 717.1 233.0 9.2 382,8 1236.2
± S D 48.7 782.4 644.3 33.3 301.6 255.9 2.9 120.2 283.2

Pre vs. P ost0 <0.01 <0.001 <0.01 <0.02 <0.01 NS N S <0.05 <0.05
group II 

Pre
Mean 18.8 822.5 634.5 26.3 460.2 196.9 8.4 227.3 533.0
± S B 12.4 • 262.9 210.2 10.1 135.0 92.7 2.2 35.5 180.6

Post
Mean 59.3 1681.8 1088.8 48.6 762.2 240.1 7,6 203.6 472.0
± S D 23.4 254.2 259.7 18.5 205.8 158.7 2.1 81.0 120.3

Pre L's. P ost0 <0.05 <0.01 <0.05 <0.02 <0.05 NS N S N S N S

Controls
Mean 11.5 410.5 297.4 5.9 76.2 17.8 9.1 267.6 630.3
± S D 4.2 • 106.4 91.4 2.1 23.0 16.2 4.1 35.3 192.8

Pre, Before clom iphene treatm en t; P ost, afte r  clom iphene treatm ent. 
“ P  value for P re  vs. P o st groups.

creased re sp o n se s  w ere  e v id e n t 10, 20, a n d  30 m in  a f te r  
TRH a n d  30 a n d  45 m in  a f te r  M E T  (F ig . 1 ). H ow ever, 
even a f te r  c lo m ip h en e , th e  p e a k  P R L  re sp o n s e s  to  b o th  
TRH a n d  M E T  in  g ro u p  I  su b je c ts  w ere  s t i l l  g re a te r  th a n  
those in  th e  co n tro ls  (Fig. 1 ).

In  g roup  I I  s u b je c ts  w ho  w ere  d e fin ed  a s  h av in g  P R L  
profiles a f te r  T R H  an d  M E T  w h ich  w e re  n o t  d iffe ren t 
from th e  c o n tro ls , th e re  w ere  no c h a n g e s  in  P R L  r e ­
sponses in  th e  te s ts  p e rfo rm e d  b efo re  a n d  a f te r  c lom i­
phene a d m in is tra tio n . T h e  m a x im u m  in c re a se  a f te r  T R H  
was 29.6 ±  7.5 n g /m l b efo re  an d  26.4 ±  8.3 n g /m l a f te r  
clom iphene. C o rre sp o n d in g  levels a f te r  M E T  w ere  60.7 
± 14.4 a n d  61.1 ±  17.8 n g /m l, re sp e c tiv e ly . T h e  in te g ra te d  
responses to  T R H  a n d  M E T  w ere  n o t  d if fe re n t in th e  
two te s ts  (T a b le  1  a n d  F ig . 1 ).

D iscussion

In th e  h u m a n , c lo m ip h en e  b .‘h a v e s  a s  a n  a n tie s tro g e n  
in n o rm a lly  e s tro g en ized  s ta te s  a n d  a s  a  w e a k  es tro g en  
agonist in  th e  e s tro g e n -d e p le te d  s ta te  (7). I t  h a s  b e e n  
shown to  o ccu p y  specific  cy to p la sm ic  e s tro g e n  re c e p to r  
sites (1 1 ). I ts  a n tie s tro g e n ic  a c tiv ity  h a s  b e e n  exp la in ed  
by its  c a p a c ity  to  co m p e te  for th e s e  e s tro g e n  re c e p to r  
sites in  th e  h y p o th a la m ic -p itu ita ry  sy s te m  (6-10). O u r 
results h a v e  sh o w n  t h a t  c lo m ip h en e  a d m in is tra t io n  fo r 4 
weeks o r  lo n g er to  p a tie n ts  w ith  p r im a ry  te s tic u la r  fa ilu re

a n d  e le v a te d  L H  a n d  F S H  lev e ls  is  a s so c ia te d  w ith  a  r ise  
in  b a s a l  g o n a d o tro p in s . T h e re  w as a lso  a n  in c re a se d  L H , 
b u t  n o t  F S H , re sp o n se  to  L R H . In c re a se d  T  a n d  E : lev e ls  
w ere  a lso  n o te d  afcer c lo m ip h en e  t r e a tm e n t .  I t  h a s  b e e n  
w ell d o c u m e n te d  t h a t  c lo m ip h e n e  a s  w ell a s  th e  a n t ie s ­
tro g e n  ta m o x ife n  e le v a te  L H , F S H , T , a n d  E ; in  m a le  
s u b je c ts  (12-24). H ow ever, i ts  e ffe c t o n  th e  g o n a d o tro p in  
re sp o n se s  to  L R  H is m o re  c o n tro v e rs ia l, a n d  d e c re a se d , 
in c re a se d , a n d  u n a lte re d  g o n a d o tro p in  re le a se  h a v e  b e e n  
d e sc r ib e d  (16-22). T h e se  d is c o rd a n t fin d in g s can  b e s t  be  
e x p la in e d  b y  th e  v a r ia b le  tim e  in te rv a l  o f  c lo m ip h e n e  
p r e t r e a tm e n t .  W h ile  a n  im p a ire d  g o n a d o tro p in  re sp o n se  
to  L R H  is co m m o n  e a r ly  o n  (17, 18, 20), th is  h a s  in v a r i ­
a b ly  r e tu rn e d  to  n o rm a l o r  b eco m e  in c re a se d  b y  7 -10  
d a y s  (16, 19, 21, 22); b y  7 w eeks, a n  e x a g g e ra te d  re sp o n se  
h a s  b e e n  d e sc rib e d  (24).

A lth o u g h  in c re a se d  g o n a d o tro p in  lev e ls  a te r  c lo m i­
p h e n e  t r e a tm e n t  w ere  e v id e n t  in a ll o f  o u r  p; t ie n ts , th e  
tw o  g ro u p s  b e h a v e d  d if fe re n tly  in  re g a rd  to  P  RL. G ro u p  
I su b je c ts , w ho  h a d  e x a g g e ra te d  P R L  re sp o n se s  to  T R H  
a n d  M E T , sh o w ed  d e c re a se d  re sp o n se s  in  th  ;  te s t  p e r ­
fo rm e d  a f te r  c lo m ip h en e  p r e tre a tm e n t .  R e -p o n se s  to  
T R H  a n d  M E T  w ere, n e v e r th e le ss , s ti l l  g r - a te r  th a n  
th o se  in  th e  co n tro ls . T h is  g ro u p  also  h a d  in e rt a sed  m e a n  
Eo levels . G ro u p  I I  su b je c ts , w ho  h a d  n o rm a l 1 ’,2 lev e ls , in  
c n tr a s t ,  d e m o n s tra te d  P R L  re sp o n se s  to  T R H  a n d  
M E T  in  th e i r  in itia l t e s t  w h ich  w ere  n o t  d if fe re n t fro m
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F i g . 1. P R L  response to T R H  and M E T  given a t  30 and 60 m in to
p a t ie n ts  w ith te sticu la r failure before clom iphene (------ ) and  after
c lom ipheno (------ ). G roup I sub jec ts  are shown in the  u p p erp a n e i  and
G roup  II sub jec ts  a re  show n in the  lower pan e l. C ontrol levels are 
sh o w n  by th e  s h a d e d  areas. Values given are  th e  m ean i  SEM. P  va lves  
com paring  P R L  responses before clom iphene and after clom iphene: 
***, P  <  0.001; xx, P  <  0.01; *, P  <  0.05.

th e  c o n tro l  re sp o n se s . T h e re  w as no ch an g e  in P R L  
re sp o n s e  a f te r  c lo m ip h e n e  tre a tm e n t. T h e se  s u b je c ts ’ 
n o rm a l  P R L  re sp o n s e s  a re  p ro b a b ly  re la te d  to  a  le sse r  
d e g re e  o f te s tic u la r  fa ilu re , a s  sh o w n  by  low er L H  levels 
(3). C lo m ip h e n e  d id  n o t  p ro d u c e  ch an g es  in b a sa l P R L  
le v e ls  in  e i th e r  g roup .

In  c o m m o n  w ith  o u r  g ro u p  II  su b je c ts , c lo m ip h en e  
d o e s  n o t  a l te r  th e  P R L  re sp o n se  to  T R H , M E T , o r  
su lp ir id e  in  n o rm a l m en  (21, 22). H ow ev er, a f te r  c lo m i­
p h e n e  a d m in is t r a t io n ,th e  P R L  re sp o n se  to T R H  h a s  
b e e n  r e p o r te d  to  b e  d e c re a se d  in  p o s tm e n o p a u sa l w o m en  
(25), a n d  b a sa l levels a re  d e c re a se d  in fem ales w ith  
h y p e rp ro la c tin e m ia  (26) o r  in  an o v u la tio n  (27) a n d , on

occasion , in  p u e rp e ra l  w o m en  (28, 29). A dm inistration of 
th e  a n tie s tro g e n s  tam o x ife n , n afo x id en e , or M ER 25 to 
r a ts  d e c re a se d  th e  e s tro g e n -s t im u la te d  P R L  response in 
th e  g o n a d e c to m iz e d  r a t  a n d  m a y  a lso  d ecrees -1 the proes- 
t r o u s  su rg e  in  in ta c t  fe m a le s  (30-32).

T h e  im p lic a tio n  o f  th e s e  re su lts  is t h a t  blockade of the 
e s tro g e n  re c e p to rs  b y  c lo m ip h e n e  is  associa ted  with a 
r e d u c tio n  o f  th e  e x a g g e ra te d  P R L  re sp o n se  to  T R H  and 
M E T  in  th o se  p a t ie n ts  w ith  e le v a te d  m ean  levels. 
T h is  in d ic a te s  t h a t  th e  m e c h a n is m  o f th e ir  deranged 
P R L  p ro file  m a y  w e ll b e  e s tro g e n  in d u ced . T h is  phenom­
e n o n  p re su m a b ly  d o e s  n o t  o p e ra te  in  th o se  subjects 
w h o se  m e a n  E 2 lev e ls  a re  in ta c t  o r  in  th e  norm al male.
In  th is  c o n n e c tio n , i t  w as p re v io u sly  sh o w n  th a t  in pri­
m a ry  te s t ic u la r  fa ilu re , t h e  e s tra d io l to  te s to s te ro n e  ratio 
c o r re la te d  w ith  th e  ex a g g e ra te d  P R L  resp o n se  to TRH • 
(1).

T h e  in c re a se d  P R L  re sp o n se s  in  g ro u p  I d id  no t revert 
fu lly  to  n o rm a l a f te r  c lo m ip h e n e . T h is  cou ld  be related 
to  in a p p ro p r ia te  d o sa g e  o r  d u ra tio n  o f  tre a tm en t with 
c lo m ip h e n e . H o w ev er, i t  m u s t  a lso  b e  s tre s se d  th a t  there 
is s t i l l  so m e  c o n tro v e rs y  a s  to  w h e th e r  th e  effects o( 
c lo m ip h e n e  a re  sp ec ific  (24). A lth o u g h  a  relationship 
b e tw e e n  c lo m ip h e n e  a n d  a n d ro g e n s  h a s  b e e n  described 
(12, 13), in  v itro  s tu d ie s  w ith  th e  r a t  v e n tra l  prostrate 
h a v e  sh o w n  t h a t  c lo m ip h e n e  do es n o t  co m p ete  for an­
d ro g e n -b in d in g  s i te s  (33). A lth o u g h  an d ro g en  an d  estro­
g en  r e c e p to r  s i te s  a p p e a r  to  b e  d is tin c t (34), som e reports 
in d ic a te  t h a t  a n d ro g e n  m a y  c o m p e te  specifica lly  with Ej 
fo r  th e  e s tro g e n  r e c e p to r  s ite s  in  d if fe re n t tissu es of rats 
a s  w e ll a s  in  h u m a n s  (35, 36). T h u s , th e  clomiphene- 
in d u c e d  r ise  in  T  m a y  h a v e  a l te re d  th e  P R L  response. 
H o w ev er, i t  is  m o re  lik e ly  t h a t  th e  ex aggera ted  PRL 
re sp o n s e  n o te d  in  p a t ie n ts  w ith  p r im a ry  te s tic u la r  failure 
is a n  e s tro g e n - in d u c e d  p h e n o m e n o n .
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In contrast to the clinical studies described in all the papers cited above, the following two 

publications represent the response to a situation of medically-induced hypogonadism. 

This was produced by administration of a long acting GnRH agonist known as D-His. The 

first publication describes the response to a parenteral and the second to an intranasal 

preparation of this GnRH agonist.



The following two publications complement those in the first section since they document 

the dynamics of prolactin secretion in a group of patients presenting with hypogonadism 

which is peripheral rather than central in origin.





P R E V E N T IO N  O F  C Y C L IC A L  A T T A C K S  O F  
A C U T E  IN T E R M IT T E N T  P O R P H Y R IA  W IT H  

A  L O N G -A C T IN G  A G O N IS T  O F  
L U T E IN IZ IN G  H O R M O N E -R E L E A S IN G  

H O R M O N E

K a r l  E . A n d e r s o n , M .D ., I r v i n g  M . S p i t z , M .D .,
S h i g e r u  S a s s a , M .D ., C. W a y n e  B a r d i n , M .D . 

a n d  A t t a l l a h  K a p p a s , M .D .

TH E  genetic  d isease acu te  in te rm itte n t p o rp h y ria  
m a y  be exacerbated  by a  n u m b e r  o f  factors th a t 

a re  d is tin c t from  th e  inherited  deficiency o f  the  hem e 
p a th w a y  enzym e, po rphobilinogen  deam in ase  (also 
know n as u roporphyrinogen  I  sy n th ase). T h ese  fac­
to rs inc lude  endogenous stero id  horm ones an d  th e ir 
m etab o lites , d rugs, an d  n u tr itio n . 1 ' 5  In  som e w om en 
w ith  acu te  in te rm itte n t po rp h y ria , exacerbations o f 
sy m p to m s occur in relation  to the  m en s tru a l cycle, 
a n d  in  a  m inority , d isab ling  p rem en stru a l a ttack s oc­
c u r  reg u la rly  w ith  every cycle . 1 ,2 ,0 ' 9

W e re p o rt on a  p a tie n t in w hom  p rem en stru a l ex­
ace rb a tio n s  o f  acu te  in te rm itten t p o rp h y ria , w hich 
h ad  prev iously  occu rred  every m o n th  fcr a t  least two 
y ea rs , w ere p reven ted  by daily  ad m in is tra tio n  o f  a  
lo n g -a c tin g  ag o n is tic  an a lo g u e  o f  lu te in iz in g  h o r-  
m o n e-re lea s in g  ho rm one (L H R H ). E xogenous s te r­
o id  p rep a ra tio n s  a n d  o th e r  therap ies e ith e r  h a d  been 
unsuccessfu l o r h a d  exacerbated  the  disease. T h e  
beneficial response in  this p a tien t raises the  possibility  
th a t  w om en w ith  frequen t a ttacks o f  p o rp h y ria  related  
to cyclical o v arian  horm one secre tion  m ay  be effec­
tively  trea ted  w ith  L H R H  agonists to suppress endog­
enous p ro d u c tio n  o f  horm ones th a t  a re  provocative in 
th is d isease.

C a s e  R e p o r t

T he patien t was 36 years old when first seen a t Rockefeller U ni­
versity  H ospital. M enarche had occurred a t age 14, and thereafter, 
she had  had regular 28-day menstrual cycles, with an uneventful 
pregnancy a t age 18. A t age 21 she began having interm ittent at-
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tacks o f abdom inal pain occurring regularly in relation to her men­
strual cycle; for at least two years these attacks occurred with every 
cycle. Pain began at or soon after the time o f ovulation, increased in 
intensity until the onset o f bleeding, and  then gradually  subsided. 
T h e  diagnosis o f acute interm ittent porphyria was m ade elsewhere 
a t age 31, when the patient had severe abdom inal pain and muscle 
weakness after treatm ent of seizure-like episodes with phenytoin, a 
drug known to be harmful in this disease.1,2 At tha t time she had 
severe neuropathy and required mechanical respiratory assistance. 
A lthough she recovered considerably over the next S'/s years, and 
was subsequently in reasonably good health, she continued to have 
m onthly attacks o f abdom inal pain even in the absence o f harmful 
drugs and while m aintaining an adequate intake o f calories and 
carbohydrates. These attacks were usually treated a t home but were 
sometimes severe enough to require hospitalization. T reatm ent with 
repeated intravenous hem atin infusions had been attem pted but 
discontinued because o f  frequent phlebitis a t the infusion sites. Da- 
nazol, medroxyprogesterone acetate (Provera), and  various estro- 
gen-progesdn com binations had also been given durin^ 'h e  past 10 
years, bu t none had relieved her symptom s, and some of these 
agents had precipitated attacks of porphyria.

Physical examination a t Rockefeller University H ospital revealed 
no m arked abnorm alities. Electrom yographic and nerve-conduc- 
tion studies revealed no evidence o f peripheral neuropathy. T he 
diagnosis of acute interm ittent porphyria was confirmed by the 
findings o f deficient porphobilinogen deam inase activity in erythro­
cytes (17 nmol o f uroporphyrinogen formed per hour per millili­
te r o f erythrocytes; normal value [m ean ± S .D .], 30.8±5.6) and in­
creased urinary 5-aminoIevulinic acid (14 mg per 24 hours: normal 
range, 0 to 7) and porphobilinogen (38 mg per 24 hours; normal 
range, 0 to 4). Decreased levels of erythrocyte porphobilinogen de­
am inase were also found in the patien t’s daughter, mother, and 
two sisters.

T he LH R H  agonist [(Im B2l)-D-Hzs6,Pro9-.N ET]LH RH  (D-His) 
w as synthesized in the Peptide Biology Laboratory o f the Salk 
Institu te, La Jo lla , California. A dose o f 5 /.ig per day was adm inis­
tered subcutaneously for eight months. P lasm a levels o f progester­
one, estradiol, luteinizing hormone, and follicle-stimulating hor­
m one,10’11 as well as erythrocyte porphobilinogen deam inase12 and 
urinary  5-aminolevuiinic acid and porphobilinogen, were measured 
as described previously.13 D-His was shown not to interfere with the 
horm one assays.

W e considered the possibility tha t D-His itself m ight induce he­
patic heme biosynthesis; like a variety o f steroids and drugs that 
have such an inducing effect, it could thus be potentially dangerous 
in  acute interm ittent porphyria. Therefore, before D -His was ad ­
m inistered to the patient, the effects o f the drug were studied in 
chick embryo liver in ovo and in culture. Chick-embryo hepatic 
systems have been widely used to screen drugs and hormonal 
steroids tha t may pose a risk in patients w i'h  porphyria .1,14"17 
F or exanp le , the inducing efiect o f danazol, ^  harm ful drug in 
porphyria 8 « dem onstrable in chick-embryo liver15 but has not 
been r  •’'’a lt ra t liver.8 T he avian-embryo hepatic-ceH-
cultui "n i» also highly sensitive to the permissive effects 
o f such .lormones as insulin, corticosteroids, and triiodothyro­
n ine .1,17 We found tha t D-His did not stim ulate porphyrin accu­
m ulation in avian-embryo liver either directly or with a  small 
prim ing dose of l,4-dihydro-3,5-dicarbethoxycollidine (winch ac­
centuates porphyrin accum ulation in liver by inhibiting the enzyme 
ferrochelatase),54 nor did the compound induce porphyrins or have 
a permissive cflect1,17 on the induction o f porphyrins by allylisopro- 
pylacetam ide (a known potent inducer) in the chick-embryo hepat- 
ic-ccll-culturc system (data not shown). These findings provided 
some assurance tha t D-His may be adm inistered w ithout exacerbat­
ing porphyria.

Figure 1 shows the times o f menses and the appearance of por- 
phyric symptom s in the patien t for a perio if. i 0 weeks before and 32 
weeks after the s ta rt o f treatm ent with D-His, as well as plasma 
horm one levels beginning with the time of treatm ent. Treatm ent 
was begun on Day 11 o f a m enstrual cycle —  a time when plasm a 
estradiol levels were already increased. T he increased estrogen lev­
els triggered a luteinizing hormone surge, which occurred on Day 13 
and was followed by a  rise in plasn.a progesterone levels (Fig. 1);
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Figure 1. Course of Symptoms, M enses, and Plasma Hormone Levels in a Patient with Acute Intermittent Porphyria, during Eight Months 
of Treatment with a  Luteinizing Hormone-Releasing Hormone (LHRH) Agonist (D-His).

Cyclical premenstrual attacks had occurred monthly for at least two years before treatment. D-His was started in midcycle and did not 
initially prevent ovulation, menses, or symptoms of porphyria. However, for seven months thereafter, porphyric symptoms and m enses 
did not occur, and hormone levels were low, indicating pituitary-ovarian suppression. LH denotes luteinizing hormone, and FSH follicle-

stimulating hormone.

these hormonal changes are consistent with ovulation. M enstrual 
bleeding occurred on D ay 28 o f this cycle. Severe symptom s o f 
porphyria developed during  the late portion o f this cycle, as they 
h ad  regularly with every cycle for the previous two years. D-His 
trea tm en t thus failed to prevent ovulation, presum ably because the 
treatm en t was started when the cycle was too advanced.

D uring  the following seven months o f continued adm inistration of 
D -H is in a  dose o f 5 /eg daily by subcutaneous injection, menses did 
n o t occur, and progesterone levels rem ained below 0.2 ng per millili­
ter, which was consistent with the absence o f  ovulation and  corpus 
iu teum  formation. Estradiol values showed a single transient in­
crease and then progressively decreased to hypogonadal levels (Fig. 
1). G onadotropin levels showed several interm ittent increases, but 
the  values, especially those o f luteinizing hormone, decreased stead­
ily. D uring this time, there were no symptom s o f porphyria, and 
u rina ry  ou tpu t o f porphobilinogen and 5-aminolcvuiinic acid re­
m ained relatively constant (data not shown). T he only side effects 
th a t the patien t noted during  treatm ent were a slight decrease in 
b reas t size and moderately severe hot flushes.

A fter completion o f  this study, D-His injections were discontin­
ued, and a trial o f  intranasal D-His was initiated. T he initial dose 
chosen was not optim al, and menses and prem enstrual attacks of 
porphyria  have recurred, with increases in estradiol and progester­
one levels. F urther studies are being performed to determ ine the 
optim al intranasal dose o f D-His needed to prevent ovulation in the 
p atien t.

D i s c u s s i o n

L ong-acting  agon istic  analogues o f  L H R H , a deca- 
p e p tid e  released by  the  hypo th a lam u s, have inh ib ito ry  
efTects on rep roduc tive  function . 1 8 ,1 9  W hen  ad m in is­
te red  repeated ly , these agonists ap p a re n tly  desensitize  
th e  p itu ita ry  to the su b seq u en t effects o f  bo th  n a ­
tive L H R H  an d  the  analogue, resu lting  in  reduced  
secre tio n  o f  lu te in iz ing  an d  fo llic le-stim ulating  h o r­
m o n e s . 2 0  T h ese  observations hav e  suggested  the  use o f 
L H R H  agonists as con tracep tive  agen ts to in h ib it 
sp e rm a to g en es is 21 an d  to block ovu la tio n . 2 2  A d m in is­

tra tio n  by in tra n a sa l sp ra y 2 2  is feasible for long­
term  use.

P reven tio n  o f  p rem en stru a l p o rp h y ric  a ttack s by 
endocrine  m an ip u la tio n  h as  been difficult, a lth o u g h  
it has been achieved in som e p a tien ts  by trea tm en t 
w ith  o ra l co n tracep tives, p rogestins, o r a n d ro g en s . 6 ,7  

In  o thers, a ttack s have  been  p rec ip ita ted  by these 
ag en ts . 8 ,2 3 "2 '1 B ecause o u r p a tie n t w as h av in g  d is­
ab ling  a ttack s associated  w ith  the m en s tru a l cycle, 
it seem ed desirab le  to su p p ress ovarian  ho rm o n e  se­
cretion , p refe rab ly  w ith o u t ad m in iste rin g  exogenous 
stero id  p rep a ra tio n s . W hen  ad m in iste red  daily , the 
L H R H  analogue, D -H is, p rev en ted  ovu la tio n  a n d  cor­
pus lu teu m  form ation , as m an ifested  by a b se n t m enses 
an d  p ersis ten tly  low levels o f  p rogesterone . Levels 
o f  lu te in iz ing  horm one, fo llic le-stim ulating  horm one, 
an d  es trad io l decreased  as well. T h e  a ttack s o f  p o r­
phyria , w hich  h a d  occu rred  cyclically befor* trea t­
m ent, also ceased (Fig. 1 ). W e did n o t observ t a  d e ­
crease in  p o rp h y rin -p re cu rso r excretion , w hich  was 
som ew hat su rp ris in g , because clinical im p ro v em en t in 
p a tien ts  w ith  acu te  in te rm itte n t p o rp h y ria  is com m on­
ly associa ted  w ith  decreases in  the  o u tp u t o f  these p re ­
cursors. H ow ever, increased  p o rp h y rin -p re cu rso r ex­
cretion  can  occur in asy m p to m atic  p a tien ts  w ith  the  
d isease , 1 ,2  a n d  in two w om en trea ted  successfully  
w ith  h em atin  to p reven t reg u la r  p rem en stru a l a ttack s 
o f  p o rphyria , u rin a ry  excretion  o f  5 -am inolevu lin ic  
acid  an d  po rphob ilinogen  rem ain ed  above n o rm a l . 1 ,9 

F u rth e r  stud ies will be needed  to a sce rta in  w hether 
in te rru p tio n  o f  ovu la to ry  cycles by ad m in is tra tio n  o f  
L H R H  agonists can  reg u la rly  p roduce  decreases in 
p o rp h y rin -p re cu rso r excretion .



T h e  on ly  side  effects noted  by o u r p a tien t d u rin g  
tre a tm e n t w ith  D -H is  w ere ho t flushes an d  a  decrease 
in  b re a s t  size. T h e se  sym ptom s have previously  been 
d esc rib ed  d u r in g  L H R H  analogue th e rap y , 2 6 ’2 7  an d  it 
is po ss ib le  th a t  a  d ecrease  in the  dose m igh t alleviate 
th e m . T h e  p o ssib ility  o f  o th er consequences o f de­
c reased  secre tion  o f  endogenous estrogens, such as 
bon- m in era liz a tio n , m ay also m erit consideration , 
i term  tre a tm e n t is an tic ipated .

is d ifficu lt to generalize from  a single clinical ex- 
] . n-nce; n evertheless , in a d iso rd er as uncom m on, yet 
.v; d isa b lin g , as a c u te  in te rm itten t p o rp h y ria  w ith  re ­
c u r re n t  an d  fre q u e n t p rem en stru a l a ttacks, a  single 
case in  w hich  th e  clin ical course is clearly  a ltered  by a 
th e ra p e u tic  p ro ced u re  m ay be va lu ab le  to re p o rt . 9  

T h e  p re se n t vase suggests th a t L H R H  analogues m ay  
be  usefu l in  th e  p reven tio n  o f  such  exacerbations o f  
th is d isease , as w ell as in the  tre a tm e n t o f sim ilar 
sy m p to m s d u e  to varieg a te  p o rp h y ria  an d  hered ita ry  
c o p ro p o rp h y ria . M oreover, w om en w ith  these d isor­
d e rs  w ho  take  s te ro id -co n ta in in g  con tracep tives are  a t 
so m e r isk  for ex ace rb a tio n  o f  sy m p to m s , 1 an d  L H R H  
an a lo g u es  m ay  be an  ap p ro p ria te  a ltern a tiv e  for b ir th  
c o n tro l as well.
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A Gonadotropin Releasing Hormone Analogue 
Prevents Cyclical Attacks of Porphyria
K arlE . A nderson , MD; Irv ing  M. Spitz , MD; C. W ayne B ard in , MD; A tta llah  K appas, MD

•  Acute intermittent porphyria Is a genetic disease in which 
endogenous hormones affect clinical expression. Premenstrual 
exacerbations can occur, sometimes often, In women with this 
disease. Gonadotropin releasing hormone analogues can pre­
vent ovulation by reducing secretion of luteinizing hormone and 
follicle-stimulating hormone. In six patients with well docu­
mented acute intermittent porphyria and frequent cyclical exa­
cerbations, dally administration of an agonistic gonadotropin 
releasing hormone analogue, ([lmBzl]-D-Hls6,Pro1-NET)gonado- 
tropln releasing hormone, intranasally or subcutaneously for as 
long as 26 m onths reduced or eliminated premenstrual attacks 
and caused only minor side effects. Adjustments in dosage or 
route of administration were sometimes needed. We conclude 
that endocrine manipulation by treatment with a gonadotropin 
releasing hormone agonist will prevent neurovlsceral attacks of 
acute Intermittent porphyria due to cyclical changes In endoge­
nous hormones and Is a safe alternative to exogenous steroids, 
which may Induce attacks of this disease.

(Arch Intern Med. 1990;150:1469-1474)

^  cute in te rm itten t porphyria is due to an inherited  (autoso­
mal dom inant) deficiency of porphobilinogen deaminase, 

the third enzym e of the hem e biosynthetic pathway . 1,2 Clinical 
expression of th e  disease, characterized by recu rren t attaexs 
of abdominal pain and o ther nem-ovisceral sym ptom s, occurs 
with additional factors, such as sex steroid horm ones and 
certain of th e ir  m etabolites , 15 d ietary  factors, and a  wide 
variety of d ru g s . 1 Some women experience exacerbations of 
th e  disease in relation to the  m enstrual cycle, and, in a  minor­
ity, disabling attack s occur w ith almost every cycle. Prelimi­
nary repo rts indicate th a t agonistic analogues of gonadotro­
pin releasing hormone (Gn-RH) m ight benefit such pa­
tien ts . 6' ' 0 We trea ted  six patien ts w ith a  Gn-RH analogue for 
up to 26 m onths and found th a t  it  represen ts a useful new 
approach to trea tm en t of selected patients w ith acute in ter­
m ittent porphyria.
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PATIENTS AND METHODS

T he G n-RH  analogue ([Im Bzl]-D-H is6,P ro9-N E T )G n-R H  (D-His) 
w as synthesized  b y  th e  P ep tide  Biology L ab o ra to ry  of th e  Salk 
In s titu te , L a  Jolla, Calif. Solutions of D -His w ere  p repared  fo r in ­
tra n asa l adm in istra tion  o r subcutaneous in jection  as previously de­
s c r ib e d /T h e  s tu d y  w as approved b y  th e  In stitu tio n a l Review B eards 
of th e  Rockefeller U niversity  H ospital and  T he Population Council, 
N ew  York, NY, and w ritte n  inform ed consen t w as obtained from  
each patien t.

Six women, from  25 to  36 yea rs  of age, in  w hom  th e  diagnosis of 
acu te in te rm itte n t porphyria  w as docum ented b y  decreased  ac tiv ity  
of porphobilinogen deam inase in e ry th ro cy te s"  and m arkedly  in ­
creased  excretion of 5-anunolevulinic acid and porphobilinogen in  
u rin e12 partic ipa ted  in th e  s tu d y  (Table 1). E ach  had  hnd freq u en t 
a ttack s  of porphyria  associated  w ith  th e  m en stru a l cycle fo r a t le as t 
6 m onths before e n try  to  th e  study. A lthough D -H is m ight also 
benefit w om en w ith  less freq u en t p rem enstrua l a ttacks , w om en w ith  
a ttacks  of po rphy ria  w ith  alm ost every  cycle w ere  selected  because 
few er pa tien ts  would be requ ired  to assess efficacy. T he re c u rre n t 
a ttack s  w ere  characte ris tic  of acu te in te rm itte n t porphyria . In  five 
pa tien ts  th e re  w as no evidence of endom etriosis o r  o th e r pelvic or 
abdom inal d isease to  account fo r th e  sym ptom s. One p a tien t (pa tien t 
4) had  coex isten t reg ional en te ritis  producing mild d ia rrh ea  (one to 
th re e  stools daily); however, th e  cyclical porphyric  a ttacks w ere 
clearly  distinguishable. D ie ta ry  calcium in tak e  w as assessed  by h isto ­
ry, and  pa tien ts  w ere  p rescribed  an  oral calcium supplem ent w hen 
needed to  m ainta in  a  calcium in take  of a t  le as t 1 g  daily during  th e  
study. P a tien ts  u sed  b ir th  control m ethods o th e r th a n  tre a tm e n t w ith  
th e  G n-RH  analogue o r  contraceptive stero id s  du rin g  th e  study. 
In itia l resu lts  of D -His adm in istra tion  in  pa tien ts  1 th rough  4 have 
been  briefly  described .6,7

The D -His was adm in istered  as a  single daily  dose in  the  m orning. 
P a tien t 1 was in itia lly  tre a te d  by th e  subcutaneous (SC) rou te , b u t 
la te r  all pa tien ts  w ere  tre a te d  by  th e  in tranasal (IN ) rou te  because it 
w as likely to  be m ore convenient and practica l fo r long-term  tre a t­
m ent. In  th re e  p a tien ts , tre a tm e n t w as la te r  changed to  th e  SC rou te  
to  obtain a b e t te r  response and conserve a  lim ited supply  of the  
in tranasa l p repara tion . A fte r  th e  s tu d y  w as com pleted, five of th e  
patien ts  en tered  a  tr ia l of an o th er G n-RH  analogue.

P lasm a levels of p rogeste rone  and  estrad io l w ere  m easured  as 
described6,7 a t  in tervals  of 4 to  14 days. F o r p a tien t 1 and initia lly  for 
p a tien t 2 (see below), p lasm a sam ples w ere obtained a t  unspecified 
tim es of th e  day. P lasm a w as obtained only in th e  m orning before 
D -H is adm in istra tion  d u ring  th e  rem ainder of th e  tre a tm en t course of
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p a tien t 2 and  th roughout th e  tre a tm en t periods fo r pa tien ts  3 th rough  
6. H orm one levels for each pa tien t w ere ta bu la ted  as  m eans, SD s, and 
ran g es  fo r  various s tu d y  periods. Because of possible carryover 
effects an d  initial agonistic effects of th e  G n-R H  analogue, horm one 
resu lts  w e re  tabulated  beginning  1 m onth a f te r  an  initiation o r  change 
in tre a tm e n t. U rin ary  po rp h y rin  p recurso r re su lts  during  p re tre a t­
m ent an d  tre a tm en t periods w ere com pared by  th e  M ann-W hitney U  
te s t  w ith  th e  use of a com puter (M acintosh S E ; A pple C om puter Inc, 
C upertino , Calif) and so ftw are (StatView; B rainpow er Inc, Calaba- 
sas, Calif).

*Mean±SD.
tN orm al range in conventional units is 0 to 7  mg/d. 
^Normal range in conventional units is 0 to 4 mg/d.

RESULTS

The frequency of m enses-assoeiated attacks of porphyria in 
each patien t during  the  SC or IN  adm inistration of D-Hjs was 
compared w ith  the  frequency of such attacks, before tre a t­
m ent (accurately determ ined by  h isto ry  in patients 1  through 
5) and the  frequency of a ttacks during  periods when D-His 
was discontinued (as observed th ree  tim es in two patients: 
twice in p a tien t 1 and once in patien t 2). A s shown in F ig  1, the  
frequency of cyclical attacks was m arkedly lower during peri­
ods of D-His adm inistration than  during  the  control periods in 
patients 1 through 5, w ith th e  single exception of th e  post­
trea tm en t period in p a tien t 2. F urtherm ore, changes in the 
dosage or route  of adm inistration, which w ere necessary to 
improve th e  effectiveness of trea tm en t in four pa tien ts (pa­
tien ts 1, 3, 5, and 6 ), resu lted  in decreased frequencies of 
menses-associated porphyric attacks in all instances.

U rinary  porphyrin precursor excretion could be assessed 
during some periods of D-His trea tm en t in four patients. A t 
shown in Table 2, u rinary  8 -aminolevulinic acid excretion was 
lower during  D-His trea tm en t in two patien ts, and urinary  
porphobilinogen level was lower in all four patients. The 
num ber of p re trea tm en t urine sam ples for pa tien t 1  was 
insufficient to provide an adequate comparison; therefore, 
comparisons w ere made betw een a  tim e when the  dosage of 
D-His (30 |xg/d IN ) was too low to prevent prem enstrual 
attacks and two successful D-His trea tm en t periods (Table 2).

Table 1 .— Laboratory Data Documenting Diagnosis of Acute 
Intermittent Porphyria in Six Women at Study Entry

Patient/ 
A9 e, y

Erythrocyte
Porphobilinogen

Uecminase,
n m o lh -’-m L-1

Urinary Urinary 
^-Aminolevulinic Porphobilinogen, 

Acid, nmol/d p.mol/d
1/36 17 107 168.0
2/32 16.5 297 322.7
3/34 15.9 99 141.4
4/29 14.2 183 154.7
5/28 16.3 259 291.7
6/25 21.9 76 114.9
Normal

values 3 0 ,8 + 5 .6 * 0-53f 0 -17.7*

Fig 1.—M enses-associated attacks of acute intermittent porphyria per month during periods of daily administration of 
([lmBzl]-D-His5,Pro9-NET)gonadotropin releasing hormone (D-His) by either the intranasal (hatched bars, or IN, where bars 
are too short to show hatching) or subcutaneous route (crosshatched bars). Solid bars Indicate the frequency of 
perimenstrual attacks during control periods when no gonadotropin releasing hormone analogue was administered. 
Patients are shown in the order of entry into the study.
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In  the o ther tw o patien ts, any effects of D-His w ere obscured 
b y  hematin, w hich was adm inistered for sym ptom s of por­
phyria m ostly  during  control periods; hem atin is known to 
reduce po rphyrin  precursor excretion substantially, ' ' 2

Side effects during  D-His adm inistration w ere hot flushes 
in four p a tien ts  (mild in two and m oderate or m oderately 
severe in two), decreased b re a s t size (three patients), tran ­
sient breast sw elling or tenderness (two patients), decreased 
libido (two patien ts), and vaginal dryness and irrita tion  (two 
patients). L ess  frequently  observed were acneiform skin le­
sions; mild loss o f pubic hair; increased hair on aim s, legs, and 
face; and w orsening of psoriasis (one patient each). None of 
these side effects required a lterations in trea tm ent. Monitor­
ing of stan d ard  blood counts, urinalyses, and serum  chemis­
try  studies disclosed no abnorm alities related  to D-His 
adm inistration.

REPORT OF CASES

C ase 1. —A  36-year-old w om an had  had p rem en stru a l a ttacks of 
porphyria , u su a lly  lasting  fo r 3 to 7 days, for a t  le a s t 2  y ea rs  before 
entry. T h e rap y  w ith  D-His (5 p g  SC  daily) was s ta r te d  on day 11 of a 
m enstrual cycle , w hen  a cyclical inc rease  in  p lasm a es trad io l concen­
tra tions h a d  a lre a d y  occurred, and  w as followed b y  a  luteinizing 
hormone su rg e , ovulation m anifested  b y  increased p lasm a progeste r­
one levels, sy m p to m s of po rphyria , and  m enstrual bleeding.

For 8  m o n th s  no fu r th e r  m enses o r  porphyria  a tta ck s  occurred. 
A fter 1 m on th  o f therapy, p ro g este ro n e  levels rem ained  suppressed , 
although es tra d io l levels w ere  incom pletely supp ressed  (Table 3). 
A dm inistration  o f  D -His w as th e n  changed to  a  dosage of 30 p g  IN  
daily. W hen m en ses  and p rem en s tru a l a ttacks recu rre d , accompa­
nied by in c reased  p rogesterone and  estradiol levels, th e  dosage w as 
increased to  400 p g  IN  daily. F o r 15 m onths of continued tre a tm en t, 
the re  w ere n o  fu r th e r  a ttack s  o f porphyria  (F ig  1); a f te r  th e  f irs t 
month, p ro g es te ro n e  levels w ere  suppressed , and  estrad io l levels 
w ere reduced  (Table 3).

W hen D -H is  adm in istra tion  w as again  discontinued fo r 2 m onths, 
one p rem en s tru a l a ttack  occurred. W hen D-His the rapy , 400 p g  daily 
IN , was re in s ta te d  fo r 13 m onths, only two m enses-associated  a t­
tacks o ccu rred . E strad io l levels a f te r  the f irs t m onth  o f tre a tm en t 
w ere som ew hat h igher than  d u rin g  th e  previous daily  dosage of 
400 pg  of D -H is IN  (Table 3); tw o m enses and several episodes of light 
vaginal b le ed in g  unassociated w ith  sym ptom s also occurred . W hen 
trea tm en t w as  again  discontinued fo r 2 m onths, p rem enstrua l exa­
cerbations re c u rre d  (F ig  1).

C ase 2 .—A  32-year-old w om an had had m onthly  a ttack s  of por­
phyria fo r a t  le a s t 11 m onths. S he also had  tem poral lobe epilepsy 
(prim arily psychom otor), th e  o n se t of which (a t ag e  21 years) had

p receded  the  onset of po rphy ria  sym ptom s (a t age  31 years). T reat­
m en t w ith  carbam azepine, 600 p g  daily, w as m ain ta ined  fo r 1 yea r 
before D -His tre a tm e n t w as s ta r te d  and w as continued th roughout 
th e  study, w ith  good control of seizures. F o r 3 m onths before D -H is 
adm in istra tion , ovulatory  cycles w ere  docum ented by seria l proges­
te ro n e  and estrad io l levels; p rophylactic infusions of hem atin  w ere 
successful in p reven ting  p rem en stru a l a ttack s  w ith  tw o of th e se  th re e  
cycles (F ig  2).

A dm inistration  of D -H is, 400 p g  IN  daily, w as s ta r te d  on day 3 of a 
cycle. M enses w ere  absen t, p rogeste rone  levels rem ained low, e s tra ­
diol levels decreased  (Table 3), and  only a  single noncyclical a tta ck  of 
po rphy ria  occurred  du rin g  th e  subsequen t 26 m onths o f in tranasal 
D -H is adm in istra tion  (F ig  2). Initially, p lasm a was obtained tw ice 
weekly, th e  f ir s t usually  in  th e  m orning  and th e  second in  th e  evening. 
A  pa tte rn  of low er (m orning) estrad io l levels alte rn a tin g  w ith  h igher 
(evening) levels was noted d u rin g  th e  firs t 3 m onths of tre a tm e n t (F ig  
2). This p a tte rn  did n o t continue w hen  sam pling w as perfo rm ed  only 
in  th e  m orning. F re q u e n t blood sam pling fo r up  to  24 hours on several 
occasions showed th a t  es trad io l levels increased  during  th e  day  in  th is  
p a tie n t (data n o t shown).

W hen tre a tm en t w as discontinued , seven m enstrual periods w ith 
associated cyclical horm one changes (Table 3) and no a ttack s  of 
po rphy ria  developed during  follow-up fo r 8 m onths. Because anti- 
seizu re m edication w as unchanged during  th e  study, o th e r factors, 
w hich we could n o t identify, reduced  h e r  susceptib ility  to p rem en­
s tru a l a ttacks  o f porphyria .

C ase  3 .—A  34-year-old w om an had had  freq u en t p rem enstrual 
a ttack s  of porphyria  for a t  le a s t 7 m onths (six m enses and five 
associated attacks) before en try . Sym ptom s resolved slow ly a f te r  
th e se  a ttacks. A lthough m enses w ere  irregular, cyclical horm one 
changes w ere docum ented  fo r one cycle before D-His adm inistra tion  
(Table 3). However, sym ptom s of porphyria  p ers is ted , ovulation did 
n o t occur th e  following m onth , and  hem atin  adm in istra tions de­
creased  porphyrin  p recu rso r excretion b u t did n o t produce a  clear 
clinical benefit. T herapy  w ith  D -His, 400 p g  daily IN , w as in itia ted  
45 days a f te r  th e  la st m enses and caused a  suboptim ai response; 
du rin g  3 m onths th e re  w ere  tw o increases in  estrad io l and  p ro g es te r­
one levels, m enses occurred  tw ice, and th e re  w as one p rem enstrua l 
exacerbation  of p o rphy ria  (Table 3, F ig  1). A  sa tisfac to ry  response 
w as obtained w hen D -His th e rap y  was increased to 800 p g  IN  and 
continued fo r 8 m onths (F ig  1); a fte r  th e  f ir s t  m onth of th is  dosage, 
p rogeste rone  levels rem ained  suppressed  and estrad io l levels w ere  
low er (Table 3). Because th e  800-pg reg im en  requ ired  la rg e  am ounts 
of D -H is and th e  supp ly  w as lim ited, SC  adm in istra tion  w as in s ti tu t­
ed. A n  initia l dose ot .10 p g  daily  SC did no t induce a  satisfactorily  
response (two m enses f . - i  th re e  associated a ttack s  occurred in  
4 months), b u t  a  good rr-p n n se  w as obta ined  w hen th e  dosage w as 
increased  to 20 p g  daily 'vx  , m enses and one p erim enstrual a tta ck  
occurred  d u r in g 5 m o n t h s ) - ' .  X

Table 2 .—Effects of Administration of D-His on Urinary Excretion of Porphyrin Precursors in 
Four Women With Acute Intermittent Porphyria*

No. of S-Amtnolevullnic Porphobilinogen,
Patient Treatment Sam ples Acid, p.mol/d P t •imol/d P t

1 D-His, 5  ng/d, S C t 44 92 ± 4 7 NS
NS

l.'? . 9  ± 6 0 .6 < 0 5
D-His, 30  M.g/d, IN 21 104 ± 5 0 167 .-i±116.7 < .0 2
D-His, 400 p.g/d, IN * 40 95 ± 5 6 121.1 ±80 .9

2 Pretreatment 27 3 4 3 = 1 7 2 NS
341.7 ±  59.6 < .02

D-His, 400 p.g/d, IN * 39 284 ±101 253.7±11t? 9
3 Pretreatment 49 67 ± 3 9 NS

<.003

81.3 ±65 .4
D-His, 400 )ig/d, IN 26 76 ± 2 8 98.1 ± 4 8 .2 < 0 1 5
D-His, 800 jig/d, IN * 23 5 2 ± 1 8 60.1 ±30.1

4 Pretreatment 17 278 ± 5 6 <.0002
355.8 ±86 .6

D-His, 400 |ig/d, IN * 38 1 9 9 ± 7 0 227.6 ± 8 6 .2

*D-His indicates ([ImBzll-D-Hls'.Pro'-NETlgonadotropIn releasing hormone; SC, subcutaneously; IN, Intranasally; and MS, not significant. Values shown are 
means ±  SDs. Sequences of courses of treatmenl are as in Fig 1. 

f P  values determined by Mann-Whitney V  lest 
fCoursss of treaimen! associated with clinical Improvement.
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Ta b le  3 . — Progesterone and  Estradiol P la s m a  Levels During  

D -H is  Adm inistration in S ix  W om en  

W ith Acute  Interm ittent P orphyria*

Dura­ Proges­
tion, No. of terone, Estradiol,

Patient Treatment d Samples nmol/L pmol/L

1 D-His, 5  fig/d, S C f 208 37 0.3 ± 0 .2 261 ± 2 9 0
(<0.3-1 .0) (37-1362)

D-His, 30 tig/d, IN 141 17 0 .3 ± 0 .3 268 ± 3 8 9
(<0.3-1 .6) (48-1443)

D-His, 400 n.g/d, IN f  439 50 0 .3 ± 0 .2 92 ±81
(<0.3-1 .0) (37-503)

None 56 12 1 .9 ± 3 .8 334 ± 4 6 6
(0.6-14.3) (29-1634)

D-His, 400 p-g/d iN f 401 13 1.6 ± 2 .5 356 ± 3 5 6
(<0.3-9 .9) (70-1035)

2 Pretreatment 86 17 18.4 ± 2 2 .3 833 ± 4 1 8
(<0.6-61.1) (349-1711)

D-His, 400 M-g/d, IN f  798 100 1.0 ± 0 .4 246 ± 2 4 2
(<0.3-2 .5) (18-1600)

Posttreatment 221 12 1 0 .2±25 .8 422 ± 5 9 5
(<0.6 .91 .3) (37-1920)

3 Pretreatment 51 24 42.0 ± 9 .9 253 ± 2 0
(<0.3-42.0) (81 ± 53 6 )

D-His, 400 ^g/d, IN 68 6 1.6 ± 1 .0 463 ± 2 9 0
(<0.6-3 .2) (173-863)

D-His, 800 M-g/d, IN f 203 15 0.6 ± 0 .3 3 1 2 ± 7 7
(<0.3 -1 .6 ) (220-437)

4 Pretreatment 54 16 11.4 ± 2 1 .0 664 ± 5 4 7
(<0.6-61.7 (33-2059)

D-His, 400 tig/d, IN f 646 48 1.0 =  0.6 1 98 ±14 3
(<0.3-3 .2) (66-907)

5 Pretreatment 62 18 7 .6 ± 1 0 .5 624 ± 4 0
(1.6-39.1) (95-1138)

D-His, 400 fig/d, IN 65 7 5.1 ± 1 .9 488 ± 2 0 2
(2.2-7.3) (272-852)

D-His, 800 p-g/d, IN f 66 7 2.9 ± 1 .3 341 ± 7 7
(1.6-5.4) (239-455)

D-His, 10 M-g/d, S C t 315 43 2.5 ± 1 .3 367 ± 1 7 6
(1.0-5.7) (84-742)

6 Pretreatment 11 2 22.6 ± 2 4 .8 1278 ± 11
(5.1-40.1) (1270-1285)

D-His, 400 M-g/d, IN 196 13 17.2 ± 1 6 .2 481 ±231
f 1.6-43.9) (191-947)

D-His, 10 jig/d, SC 208 5 2.9 ± 1 .0 595 ± 2 9 4
(2.2*4.5) (151-954)

D-His, 20 p-g/d, S C f 136 4 1.4 ± 0 .2 184 ± 2 6
(1.3-1.6) (158-220)

* D-His indicates ([lmBzl]-D-His«,Pro, -NET)gonadotropin releasing hormone: 
SC, subcutaneously; and IN, intranasally. Values shown are means ± S D s  with 
ranges in parentheses. During treatment and posltreatment periods, values 
shown were obtained after the first 30 days. Sequences of courses of treatment 
are as in Fig 1.

tCourses of treatment associated with clinical improvement.

C ase  4 .—A  29-year-old w oman had had m onthly  p rem enstrual 
a ttacks o f porphyria  fo r a t  le as t 8 m onths before study. D uring  the 
two cycles preceding  tre a tm en t, tw o peaks in  plasm a levels o f both 
p rogeste rone  (to 62 and 13 nmol/L) and  estrad io l (to 2059 and 
1417 pm ol/L ) w ere docum ented (Table 3). A dm inistration  of D -His, 
400 tig  da ily  IN , was begun  on day 9 of a  cycle. D u ring  tre a tm e n t for 
21 m onths, th e  p a tien t had  only th re e  episodes of vaginal b leeding  and 
one associa ted  exacerbation  of porphyria  (F ig  1). Two additional 
a ttacks  w e re  n o t tem porally  re la ted  to m enses. D uring  D -His adm in­
is tra tion , p rogeste rone  and estradio l levels w ere  low er th a n  during  
the  p re tre a tm e n t period (Table 3).

C ase  5 .—A  28-year-old w om an had had  freq u en t p rem enstrual 
a ttack s  fo r  7 m onths before entry . She also had  reg ional en te ritis  
(prev iously  diagnosed du rin g  tubal ligation); h e r  sym ptom s o f mild 
d ia rrh e a  an d  anorexia did n o t change during  th is  study. Cyclical 
changes in  p rogeste rone  and estrad io l w ere docum ented during  a 
2-m onth period  before tre a tm en t. A n unsatisfacto ry  response to  
D-His th e rap y , 400 p.g daily  IN  (initia ted on day  2 of a  cycle, and 
associa ted  w ith  th re e  m enses and tw o p rem en stru a l a ttack s  in 
2 m onths), w as som ew hat im proved b y  inc reasing  the  dosage to 
800 p.g d a ily  (two m enses and  one p rem enstrua l a tta ck  in 2 m onths;
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F ig  1). T rea tm en t w as th e n  changed to  10 iLg daily  S C , and  during  th e  
ensuing  12 m onths only one p rem en s tru a l a t ta c k  occurred . She had  
an o th er a ttack , n o t re la ted  to  m enses, d u rin g  th is  tre a tm e n t period 
and had  nine episodes of m ild vaginal b leeding . P rogesterone  and 
estrad io l levels w ere  low er a f te r  th e  f ir s t m onth  of th e  D -His, 
800 |ig  daily IN , reg im en  and  a f te r  th e  f irs t m onth of th e  D -His, 
10 fig daily SC, reg im en  (Table 3).

C ase  6. —A  25-year-old w om an had a  h is to ry  of m ore th a n  2 yea rs  of 
rep ea ted  a ttacks  of po rphy ria , often req u irin g  hospitalization. The 
p a tien t also had  p e t it  m al epilepsy, occasionally accom panied by  
g ran d  m al seizu res, which had  begun  a t  age  11 y ea rs  and  p red a ted  th e  
f ir s t  sym ptom s of po rphy ria  b y  8 years. S eizures w ere  reasonab ly  
well controlled w ith  clonazepam  and  ethosuxim ide (o the r an tiseizure 
d ru g s  e ith e r  exacerbated  p o rphy ria  o r  induced allerg ic  reactions in 
th e  patien t). Porphyric  a ttack s  occurred  n ea r th e  tim e  of m en stru a­
tion. However, th e  frequency  of p rem en s tru a l a tta ck s  could n o t be 
determ ined  precisely  because d a tes  of m enses and  porphyric  exacer­
bations had  n o t been  recorded . Some a ttack s  w ere  prolonged and 
overlapped m ore th a n  one cycle, m enses w ere  irregu lar, and  th e re  
w ere  periods of am enorrhea . T herapy  w ith  D -H is w as s ta r te d  
3 m onths a f te r  m enses, w hen th e re  w as p a r tia l p ers is tence  of por­
phyric  sym ptom s. T re a tm e n t w ith  D -H is, 400 jig  daily  IN , for 
6 m onths and th e n  w ith  10 >Lg SC daily  fo r 7  m onths induced  little  o r no 
reduction  in  th e  frequency  of p rem en stru a l a ttacks , and  th e re  w ere 
freq u en t episodes o f irregu lar, ligh t vaginal bleeding. However, th e  
frequency  of a ttack s  w as reduced  w hen  th e  dosage w as increased  to
9.0 p.g SC daily fo r 4  m onths (F ig  1). P rogesterone  and  estrad io l levels 
w ere  low er du rin g  th e  20 - |ig  SC  regim en (Table 3), and vaginal 
spo tting  decreased .

COMMENT

The resu lts of th is study  of six patien ts confirm previous, 
m ore limited repo rts6"1" th a t preventing  ovulatinn by daily 
adm inistration of a Gn-RH analogue can prevent cyclical 
a ttacks of acute in te rm itten t porphyria. D uring  treatm ent 
w ith D-His for as long as 26 m onths, the  patien ts had substan­
tially  fewer m enses-associated attacks during  optimal trea t­
m ent compared w ith p re trea tm en t periods o r w ith  periods of 
suboptimal dosage (Figs 1 and 2). Changes in dosage or route 
of adm inistration w ere som etim es needed to obtain a satisfac­
to ry  response. In  four pa tien ts (patients 1 through 4; F ig  1) 
IN  adm inistration of D-His was effective, w hereas in two 
others (patients 5 and 6 ), D-His was m ore effective when the 
route was SC (F ig  1 ). This experience is consistent with 
repo rts  th a t IN  insufflation is useful for long-term  Gn-RH 
analogue adm inistration, although the ex ten t of absorption is 
low and m ore variable (1% to 5% of the  dose) than  w ith SC 
a d m in i s t r a t io n .H ig h e r  initial dosages by  either route 
m ight have necessitated fewer dosage adjustm ents bu t might 
also have caused more frequen t side effects.

The side effects we recorded  have been described in other 
studies w ith Gn-RH analogues13' 15 and included hot flushes, 
b reast changes, vaginal d r , je ss , and decreased libido. An 
exception was a  w orsening in psoriasis in one of our patients, 
which has not been previously reported , to our knowledge. 
The side effects w ere m inor compared w ith previous attacks 
of porphyria in these patien ts. O ther possible consequences of 
decreased endogenous estrogen secretion, such as bone de­
mineralization, are  being evaluated by  o thers in larger groups 
of women undergoing trea tm en t w ith Gn-RH analogues for 
m ore common conditions, such as endom etriosis . 16

Our resu lts also suggest th a t if Gn-RH analogue adminis­
tration  prevents ovulation and resu ltan t progesterone pro­
duction (as indicated by scant o r absent m enses and proges­
terone levels approxim ately <32 nmol/L), i t  may not always
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Fig 2 .—Premenstrual symptoms of porphyria, m enses, and plasm a hormone levels for 13 weeks before and during a  115- 
week course of treatment with ([lmBzl]-D-His6,Pro9-NET)gonadotropin releasing hormone (D-His) (400 p.g/day intranasal- 
ly) in patient 2. Prophylactic hematin infusions (H) prevented attacks twice during the 3-month period before D-His 
treatment was initiated. LH indicates luteinizing hormone; FSH, follicle-stimulating hormone.

be necessary  to suppress circulating horm ones to castrate  
levels (ie, for estradiol, approxim ately <73 pmol/L) to p re ­
vent cyclical a ttacks of porphyria. The degree of suppression 
of circulating estrogens by Gn-RH analogues has been noted 
to be dose dependent . 16 Studies in patien ts w ith  endometriosis 
also show th a t  substantial clinical improvement may be 
achieved w ith  dosages th a t in te rru p t ovulation b u t do not 
reduce estrogens to castra te  levels.16'™ Low er dosages also 
appear to  be associated w ith fewer m enopausal side effects 
and m ay induce less depletion of bone calcium.

Porphyrin  p recursor excretion in th is stu d y  was reduced by 
D-His adm inistration b u t not to normal levels (Table 2). Re­
duced excretion  of 8 -aminolevulinic acid and porphobilinogen 
would be  expected w ith any trea tm en t th a t  reduces the  fre­
quency of acute attacks because th e ir  excretion increases 
during exacerbations of acute in term itten t porphyria and 
decreases partially  w ith clinical im provement. 1 In one re ­
ported case, a Gn-RH analogue did not norm alize porphyrin 
p recursor excretion, although levels w ere lower during 
asym ptom atic periods than  during attacks.® In  two o ther 
cases, du ring  Gn-RH adm inistration u rinary  8 -aminolevulinic 
acid and porphobilinogen excretion did not differ significantly 
from th a t  before trea tm en t (when m easured betw een a t­
ta c k s ) /1" Thus, m arked reduction or normalization in porphy­
rin p recu rso r excretion is unlikely to occur in patients w ith 
acute in te rm itten t porphyria trea ted  with a Gn-RH analogue. 
This is n o t surprising, because increased excretion of porphy­
rin p recursors can occur in asym ptom atic persons w ith this 
disease1,21 and can rem ain increased even in women treated  
with hem atin  to prevent recu rren t prem enstrual attacks . 2142

The optim al duration of Gn-RH analogue adm inistration, or 
of prophylactic hem atin trea tm en t , 82 is uncertain, partly  be­
cause th e  natura l course and long-term  prognosis of women 
with cyclical a ttacks of porphyria have no t been clearly de­
scribed. However, i t  is clear th a t only a  m inority of adults 
with porphobilinogen deam inase deficiency have symptoms of 
porphyria, and such sym ptom s are m ost likely to develop in 
the late 20s o r early  30s ra th e r  than  soon a fte r  puberty . 1 In  our 
patients, fo r example, m enarche (at 12 to 14 years of age) was 
not followed immediately by th e  onset of sym ptom s (at 19 to
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31 years of age). One of our patien ts no longer had prem en­
stru a l attacks af te r  completion of a  26-month course of D-His 
therapy  (patient 2). These observations suggest th a t suscep­
tibility to cyclical a ttacks is likely to vary over tim e and th a t it 
m ay be useful to reassess the  need for endocrine manipulation 
a fte r  2 to 3 years of Gn-RH analogue adm inistration . 23

The presen t study, in which ovulation and th e  cyclical 
increases in ovarian steroids w ere suppressed by  a  Gn-RH 
analogue, provides fu rther evidence of th e  im portant role of 
reproductive hormones in acute in term itten t porphyria. 
T reatm ent w ith D-His seem s to be a safe, effective m ethod of 
reproductive hormone manipulation in th is disease. In  women 
w ith p o rp h y r ia ,  Gn-RH analogues m ight also be safe for other 
indications, such as b ir th  control. The adm inistration of oral 
contraceptives, progestins, or androgens, which can also in­
te rru p t ovulation and have been beneficial in preventing peri- 
m enstrual a ttacks in some patien ts , 21,25 have also precipitated 
attacks of porphyria . 6,25'29 Danazol, a synthetic weak andro­
genic steroid used in the  trea tm en t of endom etriosis, is among 
the  exogenous steroids th a t have exacerbated th is disease 
when used in an attem pt to prevent cyclical a ttacks . 26 Danazol 
is also a potent inducer of 8 -aminolevulinate synthase in the 
chick embryo liver.”  Li th e  p resen t study, none of th e  six 
patien ts trea ted  w ith D-His had more frequent a ttacks during 
treatm ent. Moreover, we have shown th a t this compound 
does not accentuate porphyrin formation m the  chick embryo 
liver, 7 which is highly sensitive for the  detection of chemicals 
and drugs th a t are  inducers of heme synthesis and may be 
harm ful in acute in term itten t porphyria.'™  These clinical and 
laboratory observations are consistent w ith the  idea th a t Gn- 
R H  analogues ac t mainly on the  p itu itary 13 and have ItL. l- or 
no direct influence on metabolic pathways un o ther tisw js , 
such as the hem e biosynthetic pathw ay in the  liver.

This study was supported in part by grants from the Public Health .'e1, vice 
(FD-R-000307, ES-01055, AM-32690, HD-13541, and RR-00102), the George J. 
Hecht Rind, the Rockefeller Foundation, the Mellon Foundation, the Ameri­
can Porphyria Foundation, and by a cooperative agreement from the US 
Agency for International Development.

We thank Richard D. Levere. MD, Department of Medicine, New York (NY) 
Medical College, for encouragement and support, and acknowledge Deborah 
Sanai, Thomas Lynch, and Jeffrey Schor for technical assistance, and Evelyn 
Acree for typing the manuscript.

Cyclical Porphyria—Anderson et a! 1473



References

1. Anderson KB. The porphyrias. In: Williams WJ, Beutler E, Erstev AJ, 
Lichtman MA, eds. Hematology. New York, NY: McGraw-Hill International 
Book Co; 1990:722-742.

2. Kappas A, Sassa S, Galbraith RA, Nordmann Y. The porphyrias. In: 
Scriver CR, Beaudet AL, Sly WS, Valle D, eds. Tlw Metabolic Basis of 
Inherited Disease. New York, NY: McGraw-Hill International Book Co; 
1989:1305-1365.

3. Kappas A, Bradlow HL, Gillette PN, Gallagher TF. Studies in porphyria, 
I: a defect in the reductive transformation of natural steroid hormones in the 
hereditary liver disease, acute intermittent porphyria. J  Exp Med. 1972; 
136:1043-1053.

4. Anderson KE, Bradlow HL, Sassa S, Kappas A. Studies in porphyria, 
VIII: relationship of the 5a-reductive metabolism of steroid hormones to 
clinical expression of the genetic defect in acute intermittent porphyria. A m  J  
Med. 1979;66:644-650.

5. Paxton JW, Moore MR, Beattie AD, Goldberg A. 17-Oxosteroid conju­
gates in plasma and urine of patients with acute intermittent porphyria. Citn 
Set Mol Med. 1974;46:207-222.

6. Anderson KE, Spitz IM, Sassa S, Bardin CVV, Kappas A. Prevention of 
cyclical attacks of acute intermittent porphyria with a long-acting agonist of 
luteinizing hormone-releasing hormone. N  Engl JM ed. 1984;311:643-645.

7. Anderson KE, Spitz IM, Sassa S, Bardin CW, Kappas A. Intranasal 
luteinizing hormone-releasing hormone agonist for prevention of cyclical at­
tacks of acute intermittent porphyria. In: Nordmann Y, ed. Porphyrins and 
Porphyrias. London, England: John Libbeyand Co Ltd; 1986:225-231.

8. Semon C. Dupond JL , Mallet H, Grandmottct-Cambefort C, Humbert P. 
Treatment of cyclical attacks of acute intermittent porphj ria with an agonist of 
LH-RH by intranasal spray. A n n  E?idocrinol. 198G;47:399*402.

9. Norman RJ, Miller J, Millar RP, Joubert SM. Treatment of menstrually 
induced acute intermittent porphyria by a long-acting gonodotropin-releasing 
hormone agonist (D Trp6-Pro N ethylamide) LHRH: case report. B r J  Obstet 
Gynaecol. 1988:95:192-194.

10. Bargetzi MJ. Meyer UA, Birkhaeuser MH. Premenstrual exacerbations 
in hepatic porphyria: prevention by intermittent administration of an LH-RH 
agonist in combination with a gestagen. JAMA. 1989;261:S64.

11. Sassa S, Granick S, Bickers DR, Bradlow HL, Kappas A. A microassay 
for uroporphyrinogen I synthase, one of three abnormal enzyme activities in 
acute intermittent porphyria, and its application to the study of the genetics of 
this disease. ProcHatlAcadSci USA. 1974;71:732-736.

12. Mauzeralt D, Granick S. The occurrence and determination of 5-aminoIe- 
vulinic acid and porphobilinogen in urine. JB iol Chem. 1956;219:435-446.

13. Bergquist C, Nillius SJ, Wide L. Intranasal gonadotropin-releasing 
hormone agonist as a contraceptive agent. Lancet. 1979;2:215-217.

14. Sandow J, Fraser HM, Geisthtivel F. Pharmacology and experimental 
basis of therapy with LHRH agonists in women. In: Rolland R, Chadha DR, 
Willemsen WNP, eds. Gonadotropin Domi-Regulationin Gynecological Prac­
tice. New York, NY: Alan R Liss Inc; 1986:1-27.

15. Meldrum DR. Clinical management of endometriosis with luteinizing 
hormone-releasing hormone analogues. Semin Reprod Endocrinol. 1985:3: 
371-375.

16. Monroe SE, Blumenfeld Z, Andreyko JL, Schriock E, Kenzl MR, Jaffe 
RB. Dose-dependent inhibition of pituitary-ovarian function during adminis­
tration of a gonadotropin-releasing hormone agonistic analog (Nafarelin). J  
Clin Endocrinol Metab. 1986;63:1334-1341.

17. S h aw  RW , F r a s e r  H M , B oyle H . In t ra n a s a l  t r e a tm e n t  w ith  lu te in isin g  
h o rm one re le a s in g  ho rm o n e  ag o n is t in  w om en  w ith  en d o m e trio s is . Br Med J. 
1983;287:1667-1669.

18. L em a y  A , M ah e u x  R , F a u re  N, J e a n  C , F a z e k a s  A TA . R evers ib le  
hypogonad ism  in d u ced  b y  a  lu te in iz in g  h o rm o n e -re le a s in g  ho rm o n e  (L H -R H ) 
ag o n is t (B u sere lin ) a s  a  new  th e ra p e u t ic  ap p ro ach  fo r  en d o m e trio s is . Fertil 
Steril. 1984;41:583-588.

19. S ch rio ck  E ,  M o n ro e  S E , H enzl M , Jaffe  R B . T re a tm e n t o f  en d o m e trio sis  
w ith  a  p o te n t a g o n is t  o f  g o n a iro p in -re le a s in g  h o rm o n e  (N afarelin). Fcytil 
Steril. 1985;44:583-588.

20. S te in g o ld  K A , C e d a rs  M , L u  J K H , R an d le  D , J u d d  H L , M eld rum  D R . 
T re a tm e n t o f en d o m e tr io s is  w ith  a  lo n g -ac tin g  g o n a d o tro p in -re le a s in g  hor­
m one ag o n is t. Obstet Gynecol. 1387;69:403-411.

21. K a p p as  A , S a s s a  S , A n d e rso n  K E . T h e  p o rp h y r ia s . In : S t ^ b u r y  J B , 
W y n g a ard e n  J B ,  F re d r ic k s o n  D S , G o ld ste in  J L ,  B row n  M S, ed s . 2i < Metabol­
ic Basis o f Inherited Dis 'ase. N e w  Y ork, N Y : M cG raw -H ill In te rn a tio n a l Book 
C o; 1983:1301-1384.

22. L am o n  JM , F ry k h o lm  B C , B e n n e t t  M , T sch u d y  D P. P rev e n tio n  o f ac u te  
p o rp h y r ic  a t ta c k s  b y  in tra v e n o u s  h a e m a tin . Lancet. 1978;2:492-494.

23. A n d e rso n  K E . L H R H  an a lo g u es  fo r  ho rm onal m an ip u la tio n  in  ac u te  
in te rm itte n t  p o rp h y r ia . Semin Hematol, 1989;26:10-15.

24. P e r l ro th  M G, M a rv e r  H S , T sc h u d y  D P. O ral co n tra c e p tiv e  a g e n ts  an d  
th e  m a n a g e m e n t o f a c u te  in te rm it te n t  p o rp h y r ia . JAMA. 1965;194:1037-1042.

25. S ch ley  G , A n la u f  M , B ock K D . O ra le  K o n tra zep tiv a  z u r  P ro p h y lax e  
a k u te r  S ch tibe d e r  in te rm ittie re n d e n  P o rp h y rie . Dtsch Med Wochenschr. 
1976;101:1901-1907.

26. L am on  JM , F ry k h o lm  B C , H e r r e r a  W , T sch u d y  D P. D anazol ad m in is­
tra t io n  to  fe m a les  w ith  m en ses-asso c ia te d  e x a ce rb a tio n s  o f a c u te  in te rm it te n t  
p o rp h y r ia . JC lin  Endocrinol Metab. 1979;48:123-126.

27. L e v it E J ,  N o d in e  J H ,  P erlo ff W H . P ro g e s te ro n e -in d u c e d  p o rp h y r ia . 
Am  JM ed. 1957;22:831-833.

28. W elland F H , H e ilm an  E S , Collins A , H u n te r  G W J, T sch u d y  DP. F a c ­
to r s  affec tin g  th e  ex c re tio n  o f p o rp h y r in  p re c u rs o r s  by  p a t ie n ts  w ith  ac u te  
in te rm it te n t  p o rp h y r ia , I I :  th e  effec t o f  e th in y l e s tra d io l. Metabolism. 
1964;13:251-258.

29. Z im m erm an  T S , M cM illin JM , W a tso n  C J. O n se t o f m an ife s ta tio n s  o f 
h e p a tic  p o rp h y r ia  in  re la t io n  to  th e  in flu en ce  o f fem ale s e x  h o rm o n es . Arch 
Intern Med. 1966;118:229-240.

30. H u g h e s M J, R if ld n d  A B . D anazol, a  n e w  ste ro id a l in d u c e r  o f 5-am inole- 
vu lin ic ac id  s y n th e ta s e .  JC lin Endocrinol Metab. 1981;52:549-552.

31. A n d e rso n  K E . E ffe c ts  o f  a n tih y p e r te n s iv e  d ru g s  on  h e p a tic  hem e  bio­
sy n th e s is , an d  ev a lu atio n  o f  fe rro c h e la ta se  in h ib ito rs  to  s im p lify  te s t in g  of 
d ru g s  fo r  ho m e p a th w a y  induction . Biochim BiophysActa. 1978;543:313-327.

32. A n d e rso n  K E , F r e d d a r a  U , K a p p as A . In d u c tio n  o f h e p a tic  cy to ch ro m e 
P-450 by  n a tu ra l  s te ro id s : re la tio n sh ip s  to  th e  induction  o f 5-am ino levu iinate 
sy n th a se  an d  p o rp h y r in  accum ulation  in  t h e  av ian  em b y ro . Arch Biochem 
Biophys. 1982;217:597-608.

33 S a ssa  S , K a p p a s  A . In d u c tio n  o f S-am inolevuIinate s y n th a s e  a n d  p o rp h y ­
rin s  in  c u ltu re d  l iv e r  ce lls  m a in ta in ed  in chem ically  d efined  m ed iu m . J  Biol 
Chem. 1977;252;2.128-2436.

34. S assa  S , B rad lo w  H L , K a p p as A . S te ro id  induction  o f  8-am inoievulinic 
acid sy n th a se  a n d  p o rp h y r in s  in  liver: s tru c tu re -a c tiv ity  s tu d ie s  on th e  p e rm is ­
s iv e  effec ts  o f h o rm o n es on th e  induction  p ro c e s s . J B io l  Chem. 1979:254:10011- 
10020 .

1474 Arch Intern M ed-Vol 160, July 1990 Cyclical Porphyria-Anderson et al

P rin ted  end  P ub lish e d  in  the  U n ited  States u  America



Whereas the previous two papers relate to a GnRH agonist acting at the hypothalamic-pi­

tuitary level, the final series of publications are devoted to an evaluation of m ife p r is to n a  

synthetic steroid which blocks progesterone and glucocorticoid receptors and acts as a po­

tent antiprogestin and antiglucocorticoid.
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MIFEPRISTONE (RU 486) — A MODULATOR 
OF PROGESTIN AND GLUCOCORTICOID 

ACTION
Irving M . Spitz, M .D ., and C .W . Bardin, M .D .

A X T IP R O G E S T IN 'S , agen ts th a t in h ib it the  ac tion  
j l A  o f  p rogesterone, a re  am ong  the  m ost con trover­
sial a n d  yet th e  m ore in terestin g  th e rap eu tic  com ­
p o u n d s developed in  the  pas t 20 y ears. T h ese  agen ts 
p ro v id e  the  m ost effective an d  safest m eans o f  m edical 
ab o rtio n , an d  in ad d itio n  they  m ay  be  used for the 
tre a tm e n t o f  p a tie n ts  w ith cance r, C u sh in g 's  syn ­
d ro m e, an d  gynecologic d isorders a n d  for co n tracep ­
tion . T h e  first effective an tip ro g estin  w as m ifepristone 
(also know n as R U  4 8 6 ),1 a  d e rivative  o f  the  p rogestin  
n o re th in d ro n e  (Fig. 1). By analogy  w ith  the  an tie s tro ­
gens, i t  is likely th a t  the  su b s titu tio n  a t  the  1 1  be ta  
position  is responsib le  for the an tip ro g estin  ac tio n  o f  
m ifep ris tone . 2,3 M ifepristone  also  has an tig lu co co rti­
coid ac tiv ity . 4

P h a r m a c o l o g y  a n d  M e t a b o l i s m

T h e  m etabo lic  c learance  ra te  o f  m ifepristone is 30 
lite rs p e r  d ay . 5 B ecause o f  its slow  rem oval ra te  from  
the  c ircu la tion , m ifepristone can  be  ad m in iste red  in  a  
sing le  o ra l dose (600 m g) foi the  te rm in a tio n  o f  p reg­
n an cy . Serum  d ru g  concen tra tions increase  p rog res­
sively  after o ra l doses rang ing  from  50 to 100 m g, b u t 
no  fu rth e r  increases o ccu r after doses o f  1 0 0  to 800 
m g .6  I n  co n trast, se rum  co ncen tra tions o f  th e  m etab o ­
lites o f  m ifepristone do increase in  a  dose-dep en d en t 
fash ion  w hen larg e  doses a re  g iven , so th a t  se rum  m e­
tab o lite  co ncen tra tions exceed those  o f  th e  p a ren t 
co m p o u n d . 6 T h e  m etabo lites have som e an tip ro g es­
tin  a n d  an tig lucocortico id  p roperties , in d ica tin g  th a t 
som e o f  the  ac tio n  o f  m ifepristone m ay  be  m ed ia ted  
by  its  m etab o lites . 5

A n t i p r o g e s t a t i o n a l  A c t i v i t y  

Physiology and Mechanism of Action

Endometrium

T h e  ad m in is tra tio n  o f  m ifepristone to no rm al w om ­
en in  th e  early  a n d  m id lu tca l phases o f  the  m en stru a l
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cycle induces profound  changes in en d o m etria l h isto ­
logic featu res, an d  m en s tru a l b leed ing  invariab ly  en ­
sues w ith in  72 h o u rs . 7" 11 T h ese  en dom etria l changes 
a re  charac te rized  by re ta rd a tio n  o f  en d o m etria l devel­
o p m en t, w hich  begins w ith in  1 2  hours after m ifepris­
tone a d m in is tra tio n , 7 in h ib itio n  o f  g la n d u la r  secre to ry  
activ ity , acce le ra ted  d egenera tive  changes, vascu la r 
changes, an d  increased  strom al, b u t n o t g lan d u la r, 
m ito tic  ac tiv ity . 8 A ll these changes a re  consisten t w ith  
th e  w ith d raw al o f  p rogesterone . I n  p ostm enopausal 
w om en (an d  ovariectom ized  m onkeys) trea ted  w ith  
estrad io l an d  p rogesterone , m ifepris tone also causes 
m orpholog ic changes in the  endo m etriu m  sim ilar to 
those  associa ted  w ith  th e  w ithd raw al o f  p rogester­
o n e . 12" 14 M e n stru a l b leed ing  after the  ad m in istra tio n  
o f  m ifepristone resu lts from  the  ac tion  o f  the  d ru g  on 
the  endo m etriu m  ra th e r  th an  on th e  h y p o th a la m o - 
p itu ita ry -o v a r ia n  ax is .1'"1'

In  postm en o p au sa l w om en (and  ovariectom ized 
m onkeys) receiv ing  estrogen  alone, m ifepristone has 
m orpholog ic an d  b iochem ical effects on  th e  endom e­
triu m  sim ilar to those o f  p rogesterone , 12" 14 suggesting  
th a t in  som e c ircum stances m ifepristone ac ts as a p ro ­
gestin  agon is t. T h e  ad m in is tra tio n  o f  h ig h er "uses 
blocks the  p roliferative ac tion  o f  estrad io l on the  endo­
m e triu m . 14 T h is  an ties tro g en ic  ac tion  o f  m ifepristone 
is in d ep en d en t o f  estrogen  recep tors, since m ifepris­
tone  does n o t b ind  to these recep to rs . 4 14 B ecause h igh  
doses o f  progestins have  sim ila r  an tim itogen ic  effects18 

a n d  lead  to en d o m etria l a tro p h y , this an tip ro lifera tive  
ac tio n  o f  m ifepristone should  also be regarded  as 
agonistic.

T h ese  resu lts suggest th a t m ifepristone inh ib its the 
actions o f  p rogesterone  w hen the la tte r  is p resen t. 
T h is  p ro g estin -an tag o n ist action  form s the  basis o f 
m ost co n tracep tive  a n d  gynecologic uses o f  m ifepris­
tone. By co n trast, in th e  absence  o f  progesterone, m i­
fepristone ac ts as a  p a r tia l p rogestin  agonist. T h e  
beneficial actions o f  an tip ro g estin s on  tu m o r tissue 
m ay  depend  on such p rogestin -agon ist effects.

A n a tte m p t to ra tio n a lize  the  d iverse effects o f  m ife­
p ris to n e  w ith  those o f  p rogesterone  is show n in F igure 
2. W hen  p rogesterone  b inds to its in tra ce llu la r  recep ­
to r, the conform ation  o f  the  recep to r is a lte red , lead ­
in g  to loss o f  the  associa ted  heat-shock  p ro te in s an d  
the  fo rm ation  o f  d im ers o f  h o rm o n e -re c e p to r  com ­
plexes. T h e  p ro g e ste ro n e -re c e p to r  d im e r  b inds to 
p rogesterone-response  elem ents in  the  p ro m o te r re­
gion o f  p rogesterone-responsive  genes an d  increases 
th e ir  ra tes  o f  tran sc rip tio n , causing  p rogesterone  ef­
fects a t the  ce llu lar a n d  tissue levels. W hen  m ifepris­
tone b in d s to the p rogesterone  recep tor, th e  c onform a­
tion o f  the  recep to r changes in a  d ifferent w ay, b u t the 
sam e loss o f  h eat-shock  p ro teins an d  d im erization  
bo th  occu r . 19,20 T h e  m ife p ris to n e -recep to r  d im er also 
b inds to p rogesterone-response  elem ents an d  activates 
som e genes if  p rogesterone  is absen t. In  th is respect, 
m ifepristone ac ts as a  p a r tia l agonist. W h en  bo th  p ro ­
gesterone  an d  m ifepristone are  p resen t, the  d im ers
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Figure 1. Chemical Structure of Progesterone, Norethindrone (17-Hydroxy-[17a]-19-norpregn-4-en-20-yn-3-one), and Mifepristone 
(11-[4-(Dimethylamino)phenyl]-17-hydroxy-17-[1-propynyl]-[11/3,17/3]-estra-4,9-dien-3-one).

Norethindrone is a  synthetic 19-nor-testosterone progestin.

th a t  a re  form ed con ta in  a  d ru g -re c e p to r  com plex and  
a  p rc -gestin -recep to r com plex an d  a re  tran sc rip tio n a l­
ly  inactive, so th a t the action  o" n rogesterone is a n ­
tagon ized  .A the  ce llu lar an d  therein re the tissue level. 
T h is  m odel is consistent w ith  the  d iverse biologic ef­
fects o f  m ifepristone, b u t it has n o t been fully p roved .

Gonadotropin and Steroid Secretion

T h e  sho rt-te rm  ad m in istra tio n  o f  m ifepristone d e ­
creases the secre tion  o f  lu tein izing  horm one in  bo th  
th e  fo llicu lar an d  the  luteal phases o f  the cycle . 17* '1,22 

B y con trast, long-te rm  ad m in is tra tio n  (i.e., for th ree  
m o n th s) increases the  secre tion  o f  lu tein izing  h o r­
m o n e . 23 B ecause m ifepristone ac ts on bo th  the  hy ­
p o th a lam u s a n d  the  p itu ita ry 24 an d  because  it  has 
an tag o n is tic  as well as agonistic actions, it is n o t s u r ­
p ris in g  th a t its effects on g onado trop in  secre tion  a re  
d iverse.

M ifepristone  inh ib its the p roduction  o f p ro g este r­
o n e  by  h u m an  g ranu losa  cells in v itro . 25 I ts  ad m in is­
tra tio n  to m onkeys in the early  fo llicu lar phase  blocks 
o v u la tio n  unless exogenous gonado trop ins a re  given. 
T h erefo re , i f  there  is an im p o rtan t effect on ovarian  
stero idogenesis, it can  be overcom e by g o n ad o tro ­
p in s . 26 T h u s , the  d o m in an t, i f  n o t the only, effect on 
th e  ovary  is th ro u g h  the  d ru g ’s effects on the secre tion  
o f  lu te in iz in g  horm one.

Pregnant Uterus

T h e  ad m in is tra tio n  o f  m ifepristone d u rin g  p reg ­
n a n c y  resu lts in  the  w ithd raw al o f  p rogesterone su p ­
p o r t  to the en d o m etriu m , m en stru a l bleeding, an d  the 
d is ru p tio n  r f  p lacen ta l function  (Fig. 3). C ru c ia l to 
th e  p ro  . - if - -m ina tion  o f  p regnancy  is an increase 
in  p ro s  : u .  action . M y o m e tria l con trac tilc  ac tiv ­
ity  is »K'i egu la ted  by the  balance  betw een the
in h ib ito ry  m iio n  o f  p rogesterone  a n d  the  s tim u la to ry  
a c tio n  o f  p ro s tag lan d in  F to.2B D u rin g  pregnancy , m yo­
m e tr ia l  ac tiv ity  is suppressed ; d u r in g  labor, the  p ro ­
d u c tio n  o f  p ro s tag lan d in  F Jo increases, s tim u la tin g  
m y o m etria l con trac tility . In  cu ltu res o f  dec id u a l cells, 
a n tip ro g e stin s  s tim u la te  th e  secre tion  o f  p ro s tag lan ­
d in  F j , ,29 an d  red u ce  its m e tab o lism . 30

M ife p r is to n e  a lso  in c rease s  th e  m y o m e tria l re ­
sp o n se  to exogenous p ro stag lan d in s . W h ereas p ro s­
ta g la n d in s  alone  increase  u te rin e  tone, the  a d m in ­
is tra tio n  o f  m ifep ris tone  severa l days before th a t  o f

p ro s tag lan d in s  p ro m o te s c o o rd in a ted  con tractions, 
w ith  an  in crease  in  a m p litu d e  a n d  frequency (Fig. 
4 ) . 31 T h u s , m ifep ris tone  increases the  sensitiv ity  o f 
the  m y o m etriu m  to p ro s tag lan d in s  in ad d itio n  to in ­
c reas in g  th e ir  syn thesis an d  d ecreas in g  th e ir  m etabo­
lism . 29 ' 31 T h e  increase  in  u te rin e  co n trac tility  after the 
a d m in is tra tio n  o f  m ifep ris tone  persis ts in  w om en in 
w hom  p ro sta g la n d in  syn thesis is in h ib ited  by  the  ad ­
m in is tra tio n  o f  in d o m e th a c in , 32 suggesting  th a t  m ech­
an ism s o th e r  th a n  p ro s ta g la n d in s  m u st also  be in ­
volved in the  increase  in u te rin e  con trac tility .

Cervix

W om en  given  m ifep ris tone  w ho h ad  incom plete 
a b o rtio n s hav e  m ark ed  soften ing  an d  d ila ta tio n  o f 
the  cervix a t  th e  tim e  o f  u te rin e  evacu a tio n  (Fig. 3). 
T h e  sa m e  changes o ccu rred  in w om en  tre a te d  w ith  
m ifep ris tone  w ho u n d e rw e n t su rg ica lly  induced  ab o r­
tions la te  in the  first tr im es te r  a n d  in the  second 
tr im es te r .33"3'* T h e  cerv ical-soften ing  ac tion  o f  m ife­
p ris to n e  is in d ep en d en t o f  local p ro stag lan d in  re­
lease . 33 T h is  is a  h ighly  beneficial effect o f  an tip ro g es­
tins, since  it allow s easy  access to the  lum en  o f  the 
u te ru s for a  v arie ty  o f  p ro cedures.

Clinical Usefulness
Abortion Induced by  Mifepristone Alone

T h e  to ta l doses o f  m ifep ris tone  adm in iste red  to in ­
duce  a b o rtio n  hav e  ran g ed  from  140 to 1600 m g, given 
for a  period  o f  one to seven day s to w om en w ho had  
a m en o rrh e a  for up  to n ine  w eeks . 36' 41 W hen  m ifepris­
tone w as used a lo n e , the  success ra te  in w om en w ho 
h ad  a m e n o rrh e a  for less th a n  seven weeks ranged  from 
64 to 85 p e rc e n t,36' 3'' no v ag inal b leed ing  occurred in 
1 to  1 0  p e rcen t, an d  1 0  to 30 p ercen t h ad  incom plete 
ab o rtio n s . 3 T h e  success ra te  w as low er in  w om en who 
had  been p re g n a n t longer. T h u s , there  w ere only three 
successes in n ine  w om en w ho h ad  h ad  am enorrhea  for 
8  to 1 0  w eeks . 11

T h e re  a re  severa l reasons >vhy som e w om en do not 
respond  to m ifep ris tone  alone. T h e  dose m ay be too 
sm all, a lth o u g h  in o n e  stu d y  unresponsiveness d id not 
a p p e a r to he re la ted  to the  dose .3' G enetic variations 
in the p rogesterone  recep to r could also resu lt in vari­
ations in the  ab ility  o f  the  receptors to b in d  m ifepris­
tone.4-’ T h e re  also  m igh t be variations in d ru g  m e tab o ­
lism 11; how ever, d ifferences in the  pharm acok inetics
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Figure 2. Mechanisms of Action of Progesterone and Mifepristone, Showing Their Agonist and Partial-Agonist Effects When Adminis­
tered Alone and Their Antagonist Effect When Administered Together.

In the absence of a  ligand, the progesterone receptor (PR) is associated with different heat-shock orote.ns (hsp) and is inactive. 
Association of the receptor with either progesterone or mifepristone induces different conformational changes in the receptor, both of 
which result in the dissociation of heat-shock proteins and the dimerization of progesterone-receptor or drug-receptor complexes. 
Association of the progesterone-receptor dimer with the progesterone-response elem ents (PRE) In the promoter regions of progester­
one-responsive genes activates the transcription of these genes, resulting in agonist effects on cells and tissues (right, top). In the 
p resence of both progesterone and mifepristone, the dimers contain both a  progesterone-receptor complex and a  drug-receptor 
complex. This dimer (right, middle) is transcriptionally inactive, and the effect of progesterone is antagonized. In the absenco of 
progesterone, however, mifepristone can form a  complex with the progesterone receptor that dimerizes and is transcriptionally active on 
som e genes, with partial-agonist effects (right, bottom).19'20 Alternatively, differential interaction of receptor dimers with other transcrip­
tion factors and DNA response elem ents or activation by other ligands could account for these varied responses to antiprogestins.

o f  m ifep ris tone  a n d  its m etabo lites a n d  in  the  se rum  
co n cen tra tio n s  o f  the  a  1 -acid g lycopro te in  th a t b inds 
m ife p ris to n e 3 have  n o t been d e tec ted  in  w om en w ho 
d id  n o t  respond  to th e  d ru g . 41 F inally , an d  m ost likely, 
the  la c k  o f  response cou ld  be d u e  to a n  in a d e q u a te  
in c rease  e ith e r  in endogenous accu m u la tio n  o f  p ro s ta ­
g la n d in  F ,a o r  in  u te rin e  co n trac tility , resu ltin g  in  in ­
suffic ien t u te rin e  co n trac tio n s to expel the  fe tus . 31

Abortion Induced by Mifepristone plus Prostaglandins

T h e  co m b in a tio n  o f  m ifep ristone  (usually  in  a  s in ­
gle 600 -m g  dose) w ith  a  p ro s tag lan d in  g iven 48 h ours 
la te r  b y  in tra m u sc u la r  in jec tion  (su lp ro sto n e ),1’ by 
v ag in a l su p p o sito ry  (g em ep ro st ) , 45"51 o r  orally  (m iso- 
p ro s to l ) 12,51 has resu lted  in a  ra te  o f  com plete  ab o rtio n  
a p p ro a c h in g  1 0 0  percen t.

M o re  th a n  120,000 w om en in m o re  th an  20 cou n ­
tries h a v e  now  received  m ifep ris tone  to g e th er w ith  a  
p ro s ta g la n d in , re su ltin g  in  th e  te rm in a tio n  o f  92.7 to
99.0 p e rc e n t o f  the  p regnan c ies (U lm a n n  A: p ersonal

co m m unication ). T h e  com b in a tio n  rem ained  h ighly  
effective in  w om en w ho h a d  am en o rrh e a  for u p  to n ine 
w eeks . 46

In  cross-sectional s tud ies, the  ad m in is tra tio n  o f  
la rg er doses o f  p ro s tag lan d in  w as associated  w ith  
m ore ab d o m in a l p a in  an d  vag inal b leed ing . 49  D esp ite  
the side effects, 8 8  p e rcen t o f  w om en in  nne  series 
responded  affirm atively  w h en  asked i f  they  w ould 
choose the  m eth o d  aga in  to te rm in a te  a  p reg n an cy . 48 

In  an o th e r  stu d y , an  a tte m p t w as m ade to re la te  the 
am o u n t o f  b lood  loss an d  the  dose o f  p ro stag lan d in . 
In  w om en given  600 m g o f  m ifepristone followed by 
0.5 o r  1 m g o f  gem ep ro st , 47 the  m edian  blood loss was 
74 m l, w ith  no difference in b lood loss betw een  the 
doses an d  no difference as com p ared  w ith  m ifepristone 
alone, vag inal g em eprost a lone , o r  v acuum  a sp ira ­
tion .4'

T h e  effect o f  v acuum  ex trac tio n  w as com p ared  w ith  
th a t o f  m ifepris tone  an d  g em eprost, ad m in istered  ei­
th e r  a lone o r  in com bination , in  w om en w ho had
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Figure 3. Action of Mifepristone in the U'nrus of a Pregnant Woman.
Initially, mifepristone promotes decidual breakdown, leading to detachment of the 
blastocyst. With the resulting decrease in secretion of human chorionic gonadotropin 
(hCG), there is a  decrease in progesterone secretion by the corpus luteum. The 
decrease in progesterone secretion further accentuates decidual breakdown. Mifepris­
tone also stimulates the accumulation of prostaglandin (PG) and enhances uterine 
sensitivity to prostaglandin, disturbing the balance between prostaglandin and proges­
terone and thereby increasing uterine contractility. An independent action of mifepris­
tone results in cervical softening, which facilitates expulsion of the blastocyst. The 
direct effects of mifepristone on syncytiotrophoblast cells27 and ovarian granulosa 
cells25 to reduce the secretion of hCG and progesterone, respectively, are probably of 

little clinical importance.

am en o rrh ea  for u p  to eight weeks. T h e  dose o f  gem e- 
p ro st w hen m ifepristone was also used was one fifth of 
the  dose w hen gem eprost w as ad m in istered  alone  In  
this sm all s tu d y  o f  97 w om en, th e  incidence o f  com ­
plete abo rtion  w ith  vacuum  ex traction , gem eprost 
alone, an d  the  com bination  o f  gem eprost a n d  m ife­
pristone  was 9b percen t, 97 percen t, an d  95 percen t, 
respectively , as com pared  w ith  bO percent in the w om ­
en  w ho received m ifepristone alone. T h e  frequency  o f 
side effects an d  o f  the need for analgesic  d ru g s was 
low er in the w om en w ho received m ifepristone and  
gem eprost th an  in those w ho received gem eprost 
alone. In  a n o th e r  s tu d y , 51 1 to 3 m g o f  gem eprost 
alone was com p ared  w ith the com bination  o f  m ifepris­
tone and  1 m g o f  gem eprost in 301 w om en. T h e  inci­
dence  o f  com plete  abortion  w as significantly  h ig h er 
w ith  the co m b in a tio n  (98 p ercen t vs. 87 p ercen t), and  
side  effects w ere fewer.

Contraception

T h e  ad m in is tra tio n  o f 200 to 800 m g o f m ifepris­
tone  after a  d o m in a n t follicle has been d em o n s tra t­
ed  by u ltra so n o g rap h y  in h ib its  the  surge o f  lu te in iz­
in g  ho rm one as w ell as fu rther follicular g row th  and  
ovula tion . T h e rea fte r , fo llicu lar g row th resum es and  
o v u la tio n  o c c u rs .1"'21'51'5’ C o n tin u o u s  ad m in istra tio n  
o f  m ifepristone in a  dose o f  2  m g  p er day (b u t not 
I m g) for 30 day s inh ib its o v u la tio n  an d  delays m en ­
s tru a tio n .5'''5' M o re  p rolonged ad m in is tra tio n  results 
in  low serum  es trad io l concen tra tio n s; the period ic  a d ­
d ition  o f  a  p ro g estin  (n o re th in d ro n e ) leads to sec re ­

tory  tr  m sfo rm ation  o f the en d o ­
m etriu m . T h is  regim en produces 
v iT - "vntrolled b leed ing  b u t does 
not alw ays block ovulation . S im i­
larly , the  ad m in is tra tio n  o f  m ife­
pris to n e  once w eekly does no t con­
sis ten tly  Inh ib it ovu la tion . 5'1

A n a lte rn a tiv e  ap p ro ach  to the 
use o f  m ifep ristone  as a  con tracep ­
tive is based  on the  fact th a t it h as a 
g re a te r  cfleet on the  endom etrium  
th an  on th e  p itu ita ry .8 T h e  ad m in ­
is tra tio n  o f  1 0  m g  o f m ifepristone 
five an d  e ig h t A ,ys after the surge 
o f  lu te in iz in g  no rm one resu lts in 
the  im p aire d  developm en t o f  a  se­
cre to ry  en d o m etriu m  (endom etri­
al desy n ch ro n iza tio n ) w ithou t d is­
tu rb in g  the  h o rm o n a l events o f  the 
m en s tru a l cycle."" T h e  ad m in is tra ­
tion  o f a single 2 0 0 -m g dose on  the  
second d ay  a fte r  the  m idcycle su rge  
o f  lu te in iz ing  ho rm o n e  also re ta rd s  
the  dev e lo p m en t o f  a  secre to ry  en­
d o m etriu m  b u t does n o t a lte r  cycle 
leng th  o r  se ru m  co n cen tra tio n s o f 
fo llic le-stim ula ting  h o rm one, e s tra ­
d io l, a n d  p ro g e s te ro n e .' P re lim i­
nary  resu lts in d ica te  th a t the  a d ­
m in is tra tio n  o f  m ifep ris tone  a t  this 

tim e does p reven t p reg n an cy . " 1 F o r th is ap p ro a c h  to 
be effective, how ever, a  sim p le  m e th o d  o f de tec tin g  the 
m idcycle su rge  in the secre tion  o f  lu te in iz ing  h o rm one 
is requ ired .

A no -her w ay  in  w hich  m ifep ris tone  could be used  as 
a  lo - racep tive  is th ro u g h  its ad m in is tra tio n  each 
mar u d u r in g  the  la te  lu tea l p h ase  to induce  m enses, 
w h e th e r  o r no t p reg n an cy  h as o c c u rre d . 1" ' 11' 15,17' 62 

C lin ical tria ls w ere co n d u c ted  in w om en w ho h ad  h ad  
u n p ro tec ted  in te rco u rse  an d  w ere given m ifepris tone 
a t the end  of the  lu tea l phase . S crum  co n cen tra tio n s o f 
the b e ta  su b u n it o f  cho rion ic  g o n ad o tro p in  w ere de­
te rm ined  se rially  to  d o cu m en t the  n u m b e r  o f  w om en 
w ho conceived . " 1' 67 T h e  failu re ra te  in these s tud ies, 
expressed  as the n u m b e r  o f  co n tin u in g  p regnancies in 
re lation  to th e  n u m b e r  o f  p roved p regnancies, ranged  
from  17 to 19 p ercen t. T h ese  resu lts a re  s im ila r to the 
percen tag e  o f  failures th a t  o ccu r w hen  m ifepristone 
a lone  is given to te rm in a te  p reg n an c ies in w om en w ith  
am en o rrh e a  o f  less th an  seven w eeks' d u ra tio n , th e re ­
by im ply ing  th a t responsiveness is d e te rm in ed  a t  the 
earliest s ta g e  o f  g es ta tio n . In  ad d itio n  to th e  low effi­
cacy, there w as d issa tisfac tion  w ith  the  m ethod  be­
cause it d is ru p te d  the  m e n s tru a l rh y th m 1’ 1 a n d  caused 
a  failu re  to bleed a fte r  an o v u la to ry  cycles . " 7 B ecause  o f 
these lim ita tions , m ifep ris tone  can n o t now  be recom ­
m ended  for reg u la r  use as a  con tracep tiv e .

M ifep ristone  has also  been  used as a  postco ital 
con tracep tive  w ith in  72 h ours o f  u n p ro tec ted  in te r­
course . " 1" ’' 1 In  a  ran d o m ized  s tu d y , 402 w om en re ­
ceived a single dose  o f  600 m g o f m ifepristone , an d  398
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Figure 4. Tracings of Uterine Contractility and the Response to 
Sulprostone.

The upper tracing, obtained in the basal state, shows almost no 
spontaneous uterine activity. After the intramuscular administra­
tion of sulprostone (0.25 mg), there was a  slow increase in uterine 
tone, with irregular contractions of low amplitude. The middle and 
lower tracings were obtained in another woman who had received 
25 mg of mifepristone for four days. After this treatment, there 
were spontaneous regular uterine contractions. After the adminis­
tration of 0.05, 0.10, and 0.15 mg of sulprostone, there was an 
increase  in the frequency and amplitude of contractions. As com­
pared with the upper tracing, there was increased sensitivity to 
sulprostone. Reprinted from Bygdeman and Swahn5' with the 

permission of the publisher.

w om en received 1 0 0  /xg o f  e th iny l es trad io l an d  1 m g 
o f n o rg estre l g iv  1 tw ice 12 hours a p a r t .  N one o f  the  
w o m en  w ho reci- ved  m ifepristone b ecam e p reg n an t, 
as c o m p a re d  w ith  four o f  those w ho received  the o th e r 
th e ra p y , 68 and  the frequency  o f  side  effects, inc lud ing  
n a u s e a , vom iting, h ead ac h e , an d  b re a s t tenderness, 
w as lo w e r  in the m 'fep ris to n e  g roup . In  ad d itio n , m ife­
p r is to n e  m ay rem ain  effective longer a f te r  in tercourse  
th a n  th e  com bination  o f  estrogen a n d  p rogesterone, 
w h ich  is effective for on ly  72 hours."'"''''^-™

Cervical Oilatalion

B e c a u se  o f its m ark ed  effects on  cerv ica l d ila ta tio n  
an d  m y o m etria l c o n trac tility , m ifep ris tone  is useful for 
the p re o p e ra tiv e  p re p a ra tio n  o f  w om en for su rg ica l 
a b o r tio n  la te  in  the  first trim este r. I t  is as effective as 
p ro s tag lan d in s , w ith  few er side effects . 3 4 ,35 ,70  In  w om ­
en u n d e rg o in g  se co n d -trim este r su rg ica l abo rtio n , 
p re tre a tm e n t w ith  m ifep ris tone  softens the  cervix an d  
red u ces  the  in te rv a l betw een  the a d m in is tra tio n  o f  
p ro s ta g la n d in  an d  the  expulsion  o f  th e  u terine  con ­
te n ts . 71 T h e  effect on  the  cervix is m a in ta in e d  a t a  tim e 
w hen  th e  en d o m etriu m  has lost its responsiveness. In

view o f these p rom ising  resu lts , m ifepristone followed 
by p ro stag lan d in  could becom e the  m ethod  o f  choice 
for p rep a rin g  w om en for the  su rg ica l te rm in a tio n  o f 
se cond-trim ester pregnancies.

Induction o f Labor

M ifepristone has been used to induce  lab o r afte r 
in tra u te rin e  fetal d e a th . 72 T h is  response suggests th a t 
fetal d e a th  restores the  sensitiv ity  o f  the u terus to 
m ifepristone.

A n o th er proposed  use is for the  indu c tio n  o f la b o r a t 
the end o f  the  th ird  trim ester. In  a  random ized , d o u ­
b le-b lind  s tu d y  o f  w om en a t  term , 50 p ercen t o f  those 
w ho received m ifepristone h ad  sp o n taneous lab o r, as 
com pared  w ith  25 p ercen t o f those w ho received p la ­
cebo . 73 T h e  use o f  m ifepris tone a t  te rm  p ro m p ted  con­
cern ab o u t its effect on the  in fan t, since it crosses the 
fe ta l-p la c e n ta l b a rrie r . 74"76 N o u n to w ard  effects have 
been observed  to da te , b u t fu rth e r  stud ies a re  needed 
to estab lish  possible risks an d  benefits.

Oiher Gynecologic Indications

M ifepristone  has been ad m in iste red  to m e n s tru a t­
ing  w om en w ith  endom etriosis for up  to th ree  m onths. 
Pelvic p a in  im proved  in  all the w om en, b u t the re  w as 
no change in the ex ten t o f  the  d isease as de te rm in ed  
by follow -up lap aro sco p y . 23 W h en  m ifepristone th e ra ­
py w as used in w om en w ith  u te rin e  leiom yom as, there 
w as a 49 p ercen t red u c tio n  in  tu m o r volum e after 
th ree  m o n th s . 77

Breast Cancer

In  view o f  the  an tip ro life ra tiv e  ac tiv ity  o f  m ifepris­
tone on the  end o m etriu m , its effect on b reast tum ors 
th a t have p rogesterone  recep to rs has been explored . 
M ifepristone  has d ifferent dose-dep en d en t effects on 
several h u m a n  b reast cancers cu ltu red  in v itro , bo th  
m im icking an d  an tag o n iz in g  the  ac tion  o f  proges- 
tin s . 78,79 S uch  results em phasize th a t the  d ru g  has bo th  
p a rtia l ag o n is t an d  an tag o n is t ac tions (Fig. 2). In  an i­
m als w ith  b reast cancer, com bined  trea tm en t w ith  
m ifepristone an d  an  an ties tro g en  o r  a  gonad o tro p in - 
re leas in g -h o rm o n e  agonist p ro d u ced  high ra tes  o f  tu ­
m or rem ission . 80 P re lim inary  clin ical tria ls suggest 
th a t som e w om en w ith  b reas t cancer m ay  respond  to 
m ifep ristone . 80,81

Meningioma

M ost m ening iom as have  no estrogen  recep tors b u t 
have su b s tan tia l concen tra tio n s o f  p rogesterone  re­
cep to rs . 82 In  one  tria l o f  14 p a tien ts  w ith  u n resec tab le  
m ening iom as, 5 h ad  an  ob jective response an d  3 had  
subjective im p ro v e m e n t . 81 F u rth e r  tria ls to d o cu m en t 
the  usefulness o f  m ifepristone for the  trea tm en t o f m e­
n ing iom a shou ld  be un d ertak en .

A n t i g l u c o c o r t i c o i d  A c t i v i t y  

Physiology

In  ad d itio n  to its an tip ro g este ro n e  p roperties , m ife­
p ristone has an tig lucocortico id  ac tiv ity  in vivo an d  in 
v itro . 4 ,81 In  h u m an s, it blocks the  feedback effect o f  
cortisol on co rtico trop in  secre tion  in a  dose-dependen t
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fa sh io n .IU 'U"'I,:’ A single dose o f  1 to 2 m g p er k ilogram  
o f  body  weight h ad  no effect, b u t a  dose o f  4 to 6  m g 
p e r  k ilogram  led to an  increase in se rum  co rtico trop in  
a n d  cortisol11’ th a t w as p articu la rly  ev iden t d u r in g  the 
ea rly  m orn ing  h ours, w hen the co n cen tra tio n s n o r­
m ally  are  increasing . T h u s, the  ad m in is tra tio n  o f 
m ifep ristone  ( 6  m g p er kilogram ) a t  m id n ig h t au g ­
m en ted  the increase in serum  co rtico trop in  an d  co rti­
so l d u rin g  the su b seq u en t m orn ing , b u t no t w hen  the 
sa m e  dose was g iven a t  10 a .m .!ij A lth o u g h  long-te rm  
ad m in is tra tio n  o f  m ifepristone causes p ersis ten t eleva­
tions in serum  concen tra tions o f  co rtico trop in  and  
co rtiso l, the response to co rtico trop in -re leasing  h o r­
m o n e  is unchanged an d  the d iu rn a l rh y th m  o f cortico­
tro p in  an d  cortisol is m a in ta in ed , ' 3 ,80 im ply ing  th a t 
the  cen tra l regu la to ry  m echan ism s rem ain  in tac t. 
S om e p a tien ts  receiv ing  4 to 10 m g p er k ilogram  p er 
d a y  have  had w eakness, nausea , a n d  vom iting  th a t 
w ere  a ttr ib u ted  to cortisol deficiency and  th a t  re­
sp o n d e d  to d ex am eth aso n e , 8 ll'u , ’8 'i l i7  b u t they  d id  not 
h av e  m ore objective signs o f  cortiso l deficiency. Since 
m easu rem en ts  o f  se ru m  cortisol c a n n o t be used to es­
tab lish  the d iagnosis o f  functional hypocortiso lism  
d u r in g  recep to r b lockade, clinicians w ill have to reso rt 
to seem ing ly  an tiq u a te d  m anifesta tions o f  cortiso l de­
ficiency, such as eosinophilia, hypoglycem ia, an d  in ­
a b ility  to excrete a  w a te r  load, to d e te rm in e  w h e th e r  
hypocortiso lism  is p resen t. I t  is c lea r th a t  m ost p a ­
tien ts  w ith  a norm al p itu ita ry -a d re n a l axis com pen­
sa te  for g lucocortico id-recep tor b lockade by in creas­
ing  th e  secretion o f  co rtico trop in  an d  cortisol. A n 
im p o rta n t  po in t is th a t  h igher doses o f  m ifepristone 
a re  n eeded  to p roduce  an  an tig lucocortico id  effect, as 
o pposed  to an an tip ro g estin  eflect . 11,85

Antiglucocorticoid Application

T re a tm e n t w ith m ifepristone am elio ra tes the c lin i­
cal m anifesta tions o f  hypercortiso lism  in over 50 p e r­
cen t o f  p a tien ts  w ith  C u sh in g ’s syn d ro m e caused by 
ec to p ic  cortico trop in  secre tion  o r  ad ren o co rtica l ca rc i­
n o m a . 88 ,89 By con trast, in  pa tien ts w ith  C u sh in g ’s d is­
ease, in  w hom  co rtico trop in  release is sensitive to the 
red u ced  secretion o r ac tion  o f cortisol, m ifepris tone is 
n o t effective. Its  use in  these p a tien ts  w ill increase the 
secre tio n  o f cortico trop in  and therefore o f  cortisol, 
o b v ia tin g  any efTect o f  blockade o f  g lucocorticoid  
recep to rs .

O n  th e  basii o f  s tu d ies in an im als, o th e r  a p p lica ­
tions for the antig lucocorticoid  effects o f  m ifepristone 
hav e  been  suggested. T h ese  include the  local a p p lica ­
tion  o f  eye d rops con ta in in g  m ifepris tone in o rd e r  to 
low er in tra o c u la r  p ressu re  in  p a tien ts  w ith  g lau co m a " 0 

an d  o ra l ad m in istra tio n  o f the d ru g  to p reven t p ro ­
g ress io n  o f  viral d isease in h u m an s . '11

U n t o w a r d  E f f e c t s

T h e  sid e  effects o f  lo ng -te rm  high-dose ad m in is tra ­
tion o f  m ifep ristone  in ra ts  and  m onkeys resu lt from  
th e  an lih o rm o n a l p ro p erties  o f  th e  d ru g .'1- Few  w om en 
w ho receive  single doses o f  m ifepristone to in te rru p t 
p re g n a n c y  have  an y  sid e  effects. W h en  such effects 
do o c c u r , they  inc lude  h eav y  b leed ing , nausea, vom it­

ing. ab d o m in a l pa in , an d  fa tig u e ."’ 1" I t  is o ften  diffi­
cu lt to d issocia te  m an y  o f  these sym ptom s from  those 
th a t resu lt from  norm al p reg n an cy  an d  sp o n ta n eo u s 
abo rtion .

T h e  long-te rm  ad m in is tra tio n  o f  m ifepris tone  in 
doses o f  1 0 0  to 2 0 0  m g daily  is genera lly  w ell to le ra t­
ed; the m ost com m on side  effect is fatigue, w hich  d e ­
velops in the  m ajority  o f  su b ’e c ts . 83 N au sea , ano rex ia , 
an d  vom iting  m ay  also occui ."W-'"' O th e r  side effects 
repo rted  d u rin g  long-term  ad m in is tra tio n  in c lu d e  a 
slight decrease  in the  se rum  p o tassium  concen tra tio n , 
w eight loss, cessation  o f  m enses in p rem en o p au sa l 
w om en, in te rm itte n t ho t flashes, tran s ien t th in n in g  o f  
the ha ir, d evelopm en t o f  H ash im o to ’s th y ro id itis , an d  
an occasional c w rease  in lib ido  an d  gyneco m astia  in 
m en .8" 8"*38'' T h e  la tte r  is p resu m ab ly  caused  by  the 
b ind ing  o f  m ifepristone to an d ro g en  recep to rs . 1

B ecause a  few w om en do  n o t a b o rt an d  in stead  con ­
tinue w ith  th e ir  p regnancies a fte r  the ad m in is tra tio n  
o f  m ifepristone an d  p ro s tag lan d in , it w as im p o rta n t to 
d e te rm in e  w h e th e r  these ag en ts have  tera to g en ic  ef­
fects. N o such  efleets w ere observed  in m onkeys an d  
rats receiv ing  m ifepris tone . 92 ' ' 13 R a b b its , how ever, h ad  
skull deform ities th a t w ere  a ttr ib u te d  to  m ech an ica l 
effects due  to u terine  co n trac tio n s th a t resu lted  from  
the decrease  in p rogesterone  ac tiv ity . ' 14 U n like  m ife­
pristone , p ro stag lan d in s have  been  rep o rted  to be te r­
atogen ic .9 T h e re  a re  iso la ted  case rep o rts  o f  no rm a l 
p regnancies an d  offspring w hen w om en have taken 
m ifepristone alone or in co m b in a tio n  w ith  a  p ro s ta ­
g lan d in , have  no t ab o rted , an d  hav e  elected to c o n tin ­
ue th e ir  p reg n an c ies . 97 ,98  O n e  w o m an ’s p regn an cy  w as 
te rm in a ted  a t  18 w eeks because  u ltra so n o g rap h y  re­
vealed th a t the  fetus h ad  m u ltip le  severe congenital 
defects no t th o u g h t to hav e  been  caused by  m ifep ris­
to n e . 98 N onetheless, a t  the  c u rre n t s ta te  o f know ledge, 
w om en w ho do  no t ab o rt a f te r  the  ad m in is tra tio n  o f 
m ifepris tone p lus a  p ro stag lan d in  should  be w arn ed  
ab o u t possib le  te ra togen ic  effects an d  sh ou ld  be  of­
fered su rg ica l abo rtio n .

T h ere  have  been th ree  in stan c es o f  ca rd io v asc u la r  
com plications in w om en given a  single dose o f  m ife­
p ristone  an d  su lp rostone , in c lu d in g  a  fatal m yocard ia l 
in farc tion . All th ree  w om en w ere sm okers . 99 As a  con­
sequence, an  in tra m u sc u la r  p ro s tag lan d in  sh ou ld  be 
used cau tio u sly  in w om en w ith  h e a r t disease  an d  is no t 
recom m ended  in w om en over th e  age o f  35 years o r  in 
reg u la r  sm okers. M isoprosto l, a  stab le  p ro s tag lan d in  
£ ,  an a lo g u e  used to p rev en t g as tric  ulcer, is an  effec­
tive su b s titu te . 3 2 - ' 1

I t  is ev iden t th a t m ost o f the  side  effects associ­
a ted  w ith  the  m edical m eth o d s o f  te rm in a tin g  p reg ­
n an cy  a re  re la ted  to the  h igh  dose  o f  p ro s tag lan d in . 
T h e re  a re  few er side effects w ith  the  m ife p ris to n e - 
p ro s tag lan d in  co m b in a tio n  th a n  w ith p ro s tag lan d in  
a lo n e . ’11,51 T h e  co m parison  o f  m ifep ristone  p lus p ro s­
tag lan d in  w ith  su rg ica l a b o rtio n  is com plica ted  by  the 
fact th a t the sa fe ty  of the su rg e ry  d ep en d s on  th e  skill 
o f the  o p e ra to r  an d  the  av a ilab ility  o f  b ack u p  facili­
ties. T h u s , com p lica tio n s vary  w idely  from  clin ic  to 
clinic. T h e  best U .S . d a ta  suggest th a t th i d e a th  ra te  
per 1 0 0 , 0 0 0  su rg ica l ab o rtio n s  perform ed  in worn-
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en w ith  p regnancies o f  less th an  e igh t w eeks is 0 .4  (9.c. 
p e rc e n t confidence in te rv a l, 0.2 to 0 .7 )."" ' S ince there  
has b een  only  one d e a th  from  tre a tm e n t w ith  m ifepris­
tone a n d  p ro stag lan d in , there  is no d ifference betw een 
th is m e th o d  an d  su rg ica l abo rtio n  perform ed  u n d er 
the  sa fes t cond itions. In  In d ia , w here  the  d e a th  ra te  
a sso c ia ted  w ith  su rg ica l abo rtio n  is 1 0  tim es h ig h e r ,10" 
the  co m b in a tio n  o f  m ifepris tone an d  p ro stag lan d in  
w o u ld  be m uch safer.

C o n c l u s i o n s

A p p ro x im ate ly  55 m illion  p regnancies are  te rm in a t­
ed each  year by ab o rtio n . In  m an y  coun tries w here 
ab o r tio n s  are illegal, num ero u s w om en still seek as­
s is ta n c e  from  u n tra in e d  persons in te rm in a tin g  the ir  
p reg n an c ies . E ven in countries w here  a b o rtio n  is legal, 
these  services are  n o t a lw ays read ily  availab le  because 
o f  th e  sho rtage  o f  tra in ed  personnel an d  facilities. 
C o n seq u en tly , ab o rtio n  is perform ed  in less th an  ideal 
s itu a tio n s  th a t re su lt in levels o f  m a te rn a l m o rta l­
ity  a n d  m orb id ity  a p p ro ach in g  those in countries 
w h ere  abo rtion  is illegal. In  d evelop ing  countries 
w h ere  ab o rtio n  is legal b u t not w idely ava ilab le , m ife­
p r is to n e  could p rov ide w om en th e ir  on ly  op tion  for 
safe ab o rtio n .

In  F ran ce , the co m b in a tio n  o f  m ifep ristone  p lus a 
p ro s ta g la n d in  has been  approved  for en d in g  p re g n a n ­
cies o f  up  to 49 days in d u ra tio n . O n e  th ird  o f  w om en 
now  choose this a p p ro a c h  over the  s ta n d a rd  surgical 
p ro ced u res  (U lm a n n  A: personal com m u n ica tio n ). 
T h e  p ercen tag e  o f  w om en choosing m edical abo rtio n  
in d ev e lo p in g  coun tries is likely to be m uch  h igher. 
T h e  u se  o f  m ifepris tone  p lus a n  o ra l p ro s tag lan d in , 
p re su m a b ly  w ith few er side effects, w ill p ro b ab ly  im ­
p ro v e  th e  accep tab ility  o f  th is m e th o d  for early  first- 
tr im e s te r  abortion .

M ifep ris to n e  h as also  been ap p ro v ed  in F ra n ce  for 
the  in d u c tio n  o f  la b o r  in  the  event o f  fetal d e a th  a n d  as 
an  a d ju n c t  to a  p ro s tag lan d in  for the  th e rap eu tic  te r­
m in a tio n  o f  p regnan c ies in the first o r  second trim es­
ter. In d e e d , a d e q u a te  clin ical stud ies have  d em o n ­
s tra te d  the  safety a n d  effectiveness o f  th e  d ru g  for 
these  in d ica tions, a n d  these stud ies su p p o rt ap p lica ­
tions to regu la to ry  a u th o ritie s  in o th e r  coun tries. T h e  
ev id en ce  ind ica tes th a t  m ifepris tone can  also  be used 
for p o stco ita l co n tracep tio n  an d  for th e  tre a tm e n t o f 
p a tie n ts  w ith  m en in g io m a o r C u sh in g ’s sy n d ro m e th a t 
is d u e  to ectopic co rtico tro p in  p ro d u c tio n  o r  ad ren a l 
c a rc in o m a . T h e  ev idence  also suggests th a t  m ifepris­
tone  cou ld  be used as a  co n tracep tiv e , an d  p re lim in ary  
re su lts  suggest th a t it  m ay  be helpful in  p a tien ts  w ith  
b re a s t  cancer, endom etrio sis, a n d  u te rin e  le iom yom as, 
b u t c lin ica l tria ls w ill be  requ ired  to confirm  these 
suggestions.

W e arc  indebted to Professor I. A granat o! Hebrew University 
and D r. O . Heikinheim o o f the U niversity o f Helsinki for their 
helpful com ments, and to M s. Linda M cK civer for assistance in the 
p repara tion  ol the m anuscript.
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A b s t r a c t

Antiprogestins are characterized by substitutions at the l i p  and 17a positions 
o f the steroid ring system and bind strongly to both progesterone and glucocor­
ticoid receptors. Although they function predominantly as antiprogestins and 
antiglucocorticoids, on occasion they display progestin agonistic and even anti­
estrogenic properties. The most common clinical use of the antipmgestin mife­
pristone is to induce a  medical abortion in the early stages of pregnancy. Pro­
gesterone maintains the endometrium, transforming it from a proliferative to a 
secretory state. It also facilitates the luteinizing hormone surge, which initiates 
ovulation. As a consequence, antiprogestins may also have contraceptive poten­
tial. Although antiprogestins do delay ovulation, this effect is inconsistent unless 
high doses are gi /en, and under these circumstances, the antiorogestin effect is 
associated with unopposed estrogen action on the endometrium. Very low doses 
o f antiprogestins do not affect hormonal secretion or ovulation or alter bleeding 
patterns, but they do have contraceptive potential by inducing profound altera­
tions in endometrial morphology. Mifepristone is also a very effective and safe 
postcoital agent This new class of pharmacological agents has numerous other 
gynecological and obstetrical indications, such as endometriosis, uterine myoma, 
and expulsion of the fetus in the case of fetal death in utero. Antiprogestins may 
also be used in the treatment of steroid-dependent tumors. There are also thera­
peutic implications consequent to their antiglucocorticoid properties.
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Figure 1 Structural formulae o f norethindrone, mifepristone (RU 486), lilopristone (ZK 98734), 
and onapristone (ZK 98299).
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46556.
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Progesterone plays a  critical ro le in m am m alian reproduction in that it is 
essential for the initiation and m aintenance o f  pregnancy. A fter the discovery 
o f  the progesterone receptor in 1970 (1), researchers realized that a  progester­
one  receptor antagonist would have a  m ajor im pact on  female reproductive 
health . T he search fo r such an antiprogesterone extended over m ore than a 
decade. In 1981, Philibert, Deraedt, and Teutsch from  the French pharm aceu­
tical com pany, Roussel Uclaf, reported on a new ly synthesized glucocorticoid 
recep tor antagonist know n as R U  38486 (2). It soon becam e evident that this 
antiglucocorticoid also displayed m arked antiprogestin activity. R U  38486 was 
subsequently abbreviated to R U  486 and is now  currently  know n by the generic 
nam e mifepristone. T he original studies show ed that m ifepristone had a relative 
binding affinity five tim es that o f  progesterone and three tim es that o f  dex- 
am ethasone at their respective receptors. W hen com pared to testosterone, it 
had  a  relative binding affinity o f  25%  for the androgen receptor bu t d id  not 
bind to either estrogen o r m ineralocorticoid receptors (3).

CHEMISTRY

T he chem ical nam e o f  m ifepristone is ll-[4-(dim ethylam ino)phenyl-17-hy- 
droxy-17-(l-propynyl)-(ll|3,17|3)-estra-4,9-dien-3-one. It is a derivative o f  nor- 
ethindrone (Figure 1) and possesses an additional (4-dim ethylam ino)phenyl 
group a t the l i p  position and 1-propynyl chain a t the 1 7 a  position. The 
conjugated C9-C10 double bond in m ifepristone should also be noted (Figure 
1). S ince the initial report o f m ifepristone, over 400 additional antiprogestins 
have been synthesized (4), The 1 7 a  substitution is responsible for prom oting 
h igher binding affinity to the receptor (5). The vast m ajority o f  these antago­
nists possess a substituent at the 1 i p  position. It is likely that the 1 ip  substi­
tuent is responsible fo r the antagonistic action (5). C ook e t al (6 ) have  de­
veloped a  series o f 1 IP-substituted com pounds such as R T I3021-022 and RTI 
3021-020 with 16a-ethyl-17P-acetyl substitutions in the  D ring (Figure 2). In 
their test system, R TI 3021-022 and RTI 3021-020 act as potent progestins 
and possess no antagonistic activity (6 ). In addition, scientists a t Organon, in 
the N etherlands, have developed antiprogestins such as O R G  31167 .and O RG 
31343 (Figure 2) in w hich the dim ethylam inophenyl group is situated a t C IS  
(7). T hus both the nature and position o f  substitutions in the steroid structure 
appear to be critical for the antagonistic activity. A lthough a selective antipro­
gestin that does not bind to glucocorticoid receptors (G Rs) has no t been 
reported, recently, a num ber o f  com pounds were described with m inim um  
antiglucocorticoid activity (8 ). O ne such exam ple is R U  46556 (Figure 2).

In th e  past, all o f the clinical studies reported w ere conducted with m ifepris­
tone (5, 9 -1 2 ), bu t recently results o f  a  few studies in hum ans have been 
published with onapristone (ZK 98299) (13) and lilopristone (ZK  98734) (14),



ANTIPROGESTINS 49

..•C =  CH

h 3c Ni

c s c — c k 3

NORETH1NDRONE MIFEPRISTONE (RU 486)

CH2OH

ULOPRISTONE (ZK 98734)

CH2“CH2'C H 2 OH

ONAPRISTONE (ZK 98299)

Figure J Structural formulae o f norethindrone, mifepristone (RU 486), lilopristone (ZK 98734), 
and onapristone (ZK 98299).

H,C

CH2CH3

RT1 3021.022

HaC

RTi 3021-020

—c h 2c h 3

CH.

OH
HaC

O RG  31343 RU 46556

Figure 2 Structural formulae of RTI 3021-022, RTI 3021-020, ORG 3U 67, ORG 31343, and RU 
46556.



50 SPITZ, CROXATTO & ROBBINS

antiprogestins synthesized at Sobering A G  Berlin. Both o f  these are structurally 
sim ilar to m ifepristone (15). Lilopristone has a [Z]-configuration in the 3-hy­
droxy-1-propenyl side chain at the 17a position (Figure 1). The tw o-dim en­
sional structure of onapristone is sim ilar to m ifepristone and lilopristone (Fig­
ure 1 ), but onapristone has a different m olecular shape due to configurational 
inversions at the C 13 and C l 7 positions (15).

MECHANISM OF ACTION

The actions o f progesterone and antiprogestins in target tissues are mediated 
by the progesterone receptor (PR), w hich belongs to a family o f  nuclear 
receptors. This family includes receptors not only for the steroid horm ones 
(glucocorticoid, m ineralocorticoid, androgen, estrogen, and vitamin D) bu t also 
for the thyroid hormones and the retinoids. These receptors are ligand-activated 
transcription factors with domains for D N A  binding, horm one binding, and 
transactivation (16).

T he antiprogestin m ifepristone does not bind to the chicken o r ham ster PRs. 
A g lycine in the horm one binding dom ain o f  the hum an PR at position 722 
(Gly7- )  and at the com parable position o f the PR o f  m ost other species is 
critical fo r mifepristone binding and action (17). Due to a cysteine residue at 
this position in the ham ster and chicken PR (17), these receptors bind proges­
terone but not m ifepristone. As a consequence, these species are insensitive 
to this antagonist (5). Substitution o f  this cysteine by glycine converts the 
horm one-binding dom ain o f  the chicken PR  to one that binds m ifepristone and 
facilitates its antagonistic action (17). Substitution o f  G ly722 with cysteine in 
the hum an PR generates a receptor that behaves like the chicken and ham ster 
PRs. T he human GR also has a glycine in this corresponding position, and 
introduction o f  a cysteine substitution at this position in the hum an G R  resulted 
in a loss o f  binding not only to m ifepristone but also to dexam ethasone. 
M ifepristone also displays some binding to the androgen receptor, which also 
has a glycine in this corresponding position. N either the estradiol nor the 
m ineralocorticoid receptors have a glycine in this position, and antiprogestins 
do not bind to these receptors. Because glycine is the only am ino acid w ithout 
a side chain, these results suggest that G ly722 in the hum an PR is a t a critical 
position, and the presence o f  am ino acid side chains in this position may 
sterically  impede m ifepristone binding (17). These observations have im por­
tant clinical im plications because genetic mutations in the PR in hum ans may 
result in variations in the ability o f the receptor to bind to antiprogestins. This 
may explain why som e women arc nonresponsivc to m ifepristone ( 1 0 ).

T he precise m olecular m echanism s w hereby progestins and antiprogestins 
produce agonist or antagonist activities via the PR are currently unknown but 
are under active evaluation (18, 19). Both progestins and antiprogestins pro­
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duce a  dram atic change in conform ation o f  the PR that is associated with 
transform ing (or activating) PR from a non-D N A -binding form  to a  form that 
will bind to D NA (18, 19). This transform ation is accom panied by a loss o f 
associated heat shock proteins and dim erization. T he 42 -am ino  acid sequence 
at the extrem e C-term inal region o f  the horm one-binding dom ain is required 
for the receptor to bind to progesterone; antiprogestins on the other hand, bind 
to a site situated further toward the N -term inal region o f  the horm one-binding 
dom ain (20). The activated progestin-receptor dim er binds to progesterone 
response elem ents in the prom oter region o f progesterone-responsive genes 
and, in the presence o f  other nuclear transcription factors, increases the rate 
o f  transcription o f these genes producing agonist effects at the cellular and 
tissue levels. The steps occurring subsequent to DN A  binding are detailed 
elsew here (18, 19, 21, 22).

Some researchers have suggested that there are two types o r classes of 
progesterone antagonists (23, 24). W ith the  first type, such as mifepristone, 
the antiprogestin-receptor complex binds to progesterone response elem ents, 
but these DNA-bound receptors are transcriptionally inactive (23, 24). The 
C-term inal region o f  the horm one-binding dom ain o f  the PR contains an 
inhibitory function that silences receptor transactivation if the agonist is absent 
or if  an antagonist is present (19, 20). W ith the second type o f  antagonist, 
which includes onapristone and som e o ther l3a-configura ted  progesterone 
antagonists, the antiprogestin-receptor com plex fails to bind to progesterone 
response elem ents (23-29). Som e workers deny the existence o f  different types 
o f  antagonists and maintain that the PR com plexed with onapristone also binds 
to progesterone response elements; but w ith a 1 0 -fold low er binding affinity 
than that o f  m ifepristone (30). A m oie recent study has suggested that under 
in vivo conditions no PR-antiprogestin com plexes bind to progesterone re­
sponse elem ents (31).

These receptor antagonists use different m echanism s to produce anti pro­
gestin and antiglucocorticoid activity. Sucrose gradient experim ents have dem ­
onstrated that when m ifepristone binds to the  G R, it stabilizes the  G R -heat 
shock protein com plex (w hich sediments at 8 S), thereby reducing the am ount 
o f  GR converted from an 8 S to a 4S form. T hat part o f  the m ifepristone receptor 
complex converted to the 4S form does bind lo the glucocorticoid response 
element w ith the same affinity as the nuclear transform ed glucocorticoid 
agonist-receptor complex, bu t unlike the latter, it  fails to induce transcription. 
This indicates that the antiglucocorticoid activity  occurs a t two levels: preven­
tion o f  com plete G R transform ation and alteration o f  a step subsequent to DNA 
binding (32).

Although antiprogestins function predom inantly as progestin antagonists, 
under certain  circum stances both in vivo and in vm u, they m ay display agonis­
tic actions (33-36). The precise m olecular m echanism s underlying these ob­
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servations are unknow n but may be related to the fact that the progesterone 
recep tor exists as two separate isoform s: a PR-A isoform  and a PR-B isoform. 
T h e  structural configurations o f  both isoforms are sim ilar, although the PR-B 
iso form  contains an N-term inal fragm ent o f 164 am ino acids, which is absent 
from  the PR-A  isoform . Both isoform s may arise as a result o f  alternative 
initiation of translation from  the sam e m RN A  or by  transcription from  alternate 
prom oters within the sam e gene (37, 38). W hen analyzed in reconstituted 
progesterone response systems in heterologous cells, both isoform s display 
sim ilar DNA- and horm one-binding affinities but they have different prom oter 
specificities (38 ,39 ). Tw o isoform s o f  P R  have been identified in m ost species, 
w ith the exception o f  the rabbit w here PR  exists only as a B isoform  (20).

A  close relationship exists betw een the second-m essenger signal transduc­
tion pathways and the steroid receptors. This results in cross talk betw een these 
tw o system s (25, 28, 29, 40). In the presence o f  cG M P and cA M P, both 
progesterone and mifepristone (but not onapristone) activate transcription with 
the PR-B isoform (26). This cross talk  stim ulates the PR-m ifepristone com plex 
to in teract in a more efficient w ay w ith the transcriptional machinery. T he end 
resu lt is tranr-activation  by the PR-B isoform . A lthough the precise m echanism  
for th is is unknown, it could be due to a direct m odification o f the receptor or 
it m ay  occur indirectly through alterations o f  an adaptor protein o r other 
transcription factor involved in PR-m ediated trans-activation (40). This cross 
talk betw een the second m essenger and the PR-B isoform  signal transduction 
pathw ays overrides the antagonistic effects o f  m ifepristone and is one possible 
explanation for its agonistic action (40). U nder these in vitro conditions, 
m ifepristone does not cause any enhancem ent o f transcription w ith the  PR-A 
isoform  (26).

T h e  tw o PR isoform s them selves have variable effects on transcription even 
in the absence of cA M P. In experim ents w here expression vectors that encoded 
exclusively for PR-A  or PR-B w ere transiently transfected into cells together 
with progesterone-responsive m ouse m am m ary tum or virus reporters, in the 
presence o f  progesterone and the progesterone antagonists m ifepristone and 
onapristone, activation o f transcription alw ays occurred with PR-B bu t less 
frequently  with PR-A  (2 2 ,2 7 ,4 1 ). In prom oter and cell contexts w here PR-A 
w as inactive, it acted as a potent transdom inant repressor o f  PR -B -m ediated 
transcription (27 ,41 ). W hen both isoform s were transfected into the sam e cell, 
the effect o f  PR-A dom inated, and there w as failure o f  transcription (41). These 
results imply that an antagonist m ay d ispL y agonistic actions depending on 
w hich PR  isoform predom inates.

C ell transfection studies have also dem onstrated that PR-A  bu t not PR -B  is 
capable o f  inhibiting glucocorticoid, androgen, estrogen, and m ineralocorticoid 
receptor-m ediated gene transcription (41-43). This im plies that the PR-A 
isoform  has a specific role in steroid recep tor-m ediated  transcription. In all
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these receptor system s, this transdom inant effect o f  PR -A  was also induced 
by antiprogestins and certain progestins. This PR-A inhibition o f  transcription 
is no t a  generalized phenom enon observed w ith all receptors of this steroid 
receptor superfam ily because vitam in D  receptor transcription is no t inhibited 
(41, 42). T he inhibition o f estrogen-m ediated gene transcription (43) may 
explain the  antiestrogenic activity o f antiprogestins, w hich has been described 
as noncom petitive (34 , 44) because antiprogestins do  not bind to estrogen 
receptors (3). Thus PR-A  has a central ro le in  regulation o f  the transcriptional 
activity o f  steroid horm one receptors by functioning as a  horm one-dependent 
transdom inant inhibitory protein. Thus PR-A  determ ines the pharm acological 
response to both progestins and antiprogestins (45, 46).

T he m odulating effec t o f  the PR-A isoform  on transcription suggests a 
possible m echanism  w hereby cells can generate dissim ilar responses to a  single 
horm one. These in vitro studies indicate that depending o n  w hich PR  isoform  
is predom inant, antiprogestins may dem onstrate progestin antagonistic, agonis­
tic, o r  antiestrogenic effects. The expression levels o f  the A  and B isoforms 
may d iffer with respect to each o ther in different target tissues (41, 46). 
R ecently  it was shown that the ratio o f  the A and B isoform s vary in the 
follicular and luteal phases o f  the m enstrual cycle and that estrogens selectively 
induce an increase in tissue concentration o f  the B isoform  (47 ,48). In addition, 
Brandon et al have show n that the expression o f  both PR  isoform s is elevated 
in hum an uterine leim yom as relative to the adjacent m yom etrium  (49).

CLINICAL APPLICATIONS

One o f  the m ajor effects o f  progesterone is to m aintain pregnancy. It also 
prom otes uterine quiescence by inhibiting m yom etrial contractions. This is the 
physiological basis fo r the use o f  antip -gestins as m edical abortifacients. The 
initial trial conducted by Hermann et al (50) show ed that m ifepristone suc­
cessfully term inated pregnancy in 9 o f  11 subjects with am enorrhea o f  less 
than 6 -S  w eeks duration. Since this landm ark study, num erous other reports 
have been published dem onstrating the abortifacient effect o f  antiprogestins 
(5, 9 -1 2 , 14, 51). Regardless o f  the dose o r duration o f  m ifepristone or lilo- 
pristone adm inistration, the success rate for com plete abortion usually ranges 
from 64 to 85%  when an antiprogestin is adm inistered to wom en with preg­
nancies o f  less than 49 days (5, 9-12 , 14, 50, 51).

The efficacy rate can be  significantly im proved by the addition o f  an ex­
ogenous prostaglandin. Prostaglandins ac t to enhance uterine contractions. 
B ygdem an & Swahn have shown that m ifepristone sensitizes the m yom etrium  
to exogenous prostaglandins (52). In addition, antiprogestins increase endo­
metrial prostaglandin concentrations by inhibiting prostaglandin dehydrogen­
ase, the progesterone-dependent enzym e that m etabolizes the active prosta­
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glandins PG E, and PG F2„. As a consequence, these active prostaglandins 
accum ulate (53, 54). Antiprogestins have also been show n to increase the 
m yom etrial response to prostaglandins (52). An increase in gap junctions is 
believed to be one o f  the m ajor m echanism s fo r this enhanced m yom etrial 
response. Progesterone-induced relaxation o f  m uscle cells is associated with 
hyperpolarization o f  the cell mem brane, prevention o f  calcium  ion influx, and 
suppression of cell coupling by gap junctions. W hen antiprogestins are adm in­
istered, myom etrial cell excitability increases in association w ith establishm ent 
o f  gap  junctions between cells and influx o f  calcium  ions. This results in 
coordinated uterine contractions (55, 56).

I t has been well docum ented that prostaglandins (such as oral m isoprostol 
or the vaginal pessary gem eprost) adm inistered 3 6 -4 8  h after m ifepristone 
provide an effective method o f m edical term ination o f pregnancy. In w om en 
with amenorrhea o f  under 49 days duration, the success rate reaches 95%  
(57 -59), and this new method has been approved for use in France, Sw eden, 
G reat Britain, and China. A m ulticenter Phase 3 study using m ifepristone (600 
m g) follow ed in 48 h by m isoprostol (400 pg) is currently under w ay in  the 
U nited States in pregnant women with am enorrhea o f  up to 63 days. T he aim  
is to register this com bination in the United States, thus m aking this m edical 
m ethod o f  pregnancy term ination available to Am erican women.

Antiprogestins have num erous o ther obstetrical and gynecological applica­
tions. In addition to their ability to enhance m yom etrial contractility, antipro­
gestins also dilate and soften the uterine cervix. T he available data indicates that 
antiprogestins do not act on the cervix by stim ulating endogenous prostaglandin 
production (60, 61). Rather it is believed that this process originates from 
inflam m atory cells and chem otactic agents such as cytokines [e.g. interleukin - 8  

(IL -8 ), IL-1|3] (61). Indeed Kelly et al have  shown that progesterone inhibits and 
m ifepristone stim ulates IL - 8  release in hum an choriodecidual cells in vitro (62). 
B ecause o f  its action on the uterine cervix, antiprogestins are useful in the 
preoperative preparation o f wom en for first trim ester vacuum  aspiration. 
M ifepristone is usually adm inistered 48 h prior to surgical abortion, is as 
effective as prostaglandins, and has significantly few er side effects than pro­
staglandins (63). In second trim ester abortions, pretreatm ent w ith m ifepristone 
reduced the interval between prostaglandin adm inistration and expulsion. Fur­
therm ore, the dose o f  prostaglandin required was reduced, and the women 
experienced considerably less pain (64). Pretreatm ent with m ifepristone also 
reduces the force required to dilate and soften the cervix, particularly in 
nonpregnant wom en (65). This could prove to be useful for planned outpatient 
procedures such as insertion or rem oval o f  an IUD, hystcrography, dilatation and 
curettage, or any other procedures requiring access to the uterine lumen ( 1 1 ).

M ifepristone is very effective in inducing labor follow ing intrauterine fetal 
death, and it is used routinely in France for this purpose (6 6 ). M ifepristone
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has also been used to induce labor at the end o f  the third trim ester (67). 
However, because this agent crosses the fetal placental barrier (6 8 ), further 
studies are required to ensure that no untow ard effects are observed on the 
fetus.

As already noted above, in addition to their antagonistic actions, antipro- 
gestins m ay on occasion also display agonistic or antiestrogenic effects. Thus, 
antiprogestins may have a role in the treatm ent o f  estrogen-dependent gyne­
cological disorders such as endom etriosis and uterine fibrom yom a (69-72). In 
endom etriosis there was an im provement in pelvic pain and a decrease in the 
extent o f  disease, as determ ined by laparoscopy (70). W ith uterine fibro­
myoma, m yom a volume decreased significantly after two months o f  treatm ent 
(69-72).

In light o f  their diverse effects, antiprogestins have also been proposed in 
the treatm ent o f tum ors that contain steroid receptors. Tw o preliminary 
nonconclusive clinical trials have been reported in advanced breast carcinom a 
(73, 74); thus further control'ed studies are required to determ ine w hether 
antiprogestins might be useful therapeutic agents o f  this condition. M en­
ingiomas contain progesterone receptors, and antiprogestins inhibited growth 
o f  m eningiom a cells in culture (75). A ntiprogestins also reduced the size of 
a hum an m eningiom a im planted into nude mice (76). In one clinical trial, 
m ifepristone ( 2 0 0  mg) was given daily for up to 62 months to a total o f 28 
patients w ith unresec table m eningiom as. E ight subjects dem onstrated objec­
tive responses as shown by reduced tum or size on com puterized tom ography 
(CT) o r magnetic resonsance imaging (M RI) scanning and im provem ent in 
visual field exam ination (77). A random ized double-blind placebo-controlled 
Phase 3 trial is currently underway to confirm  the activity o f mifepristone 
in unresectable m eningiom a (77). Studies in animals have suggested that 
antiprogestins could be used in other tum ors such as endom etrial cancer and 
gliomas (12, 78).

M ifepristone has also been used to treat Cushing syndrom e due to ectopic 
adrenocorticotropic horm one (ACTH) secretion. High-dose, prolonged m ife­
pristone adm inistration has been shown to norm alize the Cushinoid phenotype, 
am eliorate depression, decrease hypertension, elim inate abnorm al carbohy­
drate m etabolism , and correct glucocorticoid-induced gonadal and thyroid 
horm one suppression (79 ,80 ). However, this drug cannot be used in C ushing 's 
disease w here the hypothalam ic-pituitary-adrenal axis is intact bu t regulated 
at a h igher set point. U nder these circum stances the m ifepristone-induced 
increase in ACTH and cortisol secretion m ay overcom e the glucocorticoid 
receptor blockade. O ther situations in w hich the antiglucocorticoid properties 
o f this class o f  com pound may prove useful include local application in eye 
drops to low er intraoccular pressure in g laucom a (81) and in the prevention 
o f the progression of viral diseases in hum ans (82). There is also som e evidence
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for their use in the treatm ent o f  bum s, certain forms o f  hypertension, depres­
sion, arthritis, and cataracts (12, 82-84).

Thus this new  class o f  com pounds has num erous proven and possible clinical 
applications. A nother im portant therapeutic approach o f  antiprogestins relates 
to their use as possible contraceptive agents. This is review ed in detail below.

CONTRACEPTIVE POTENTIAL

In addition to its ability to maintain endom etrial integrity after implantation 
o f the em bryo, progesterone acts at several discrete anatom ical sites to regulate 
a num ber o f  steps in the fem ale reproductive process that precede im plantation. 
Thus, besides disrupting an ongoing im plantation, blockade o f  progesterone 
action m ay conceivably prevent pregnancy by other m echanism s. Rather than 
review ing all known progesterone actions, the discussion focuses only on those 
that have  been blocked by antiprogestins in women.

T he best-know n functions o f circulating progesterone before implantation 
include the followin'*- (a) facilitation and reinforcem ent o f  the positive feed­
back o f  estrogen on he luteinizing horm one (LH) surge near the end of the 
follicular phase, (6 ) synergism  with estradiol during the luteal phase to m ain­
tain negative feedback control on gonadotropin secretion, (c) transform ation 
o f  the endom etrium  from a  proliferative to a secretory state fo r reception o f 
the fertilized egg, and (d) m aintenance o f  endom etrial integrity. From  a theo­
retical standpoint, antagonizing some or all o f  these actio o f  progesterone 
could result in a contraceptive effect. A ntiprogestins could thus function as 
contraceptive agents by (a) inhibiting ovulation, thereby preventing fertiliza­
tion; (£>) interfering w ith the secretory transform ation o f  the endom etrium, 
rendering it nonreceptive for im plantation, and (c) inducing shedding o f  the 
endom etrium  and dislodging the im planting em bryo. All these potential con­
traceptive strategies are review ed below.

Inhibition o f  Ovulation
A dm inistration o f antiprogestins during the follicular phase o f  the m enstrual 
cycle disrupts developm ent o f  the leading follicle (85-89). This suggests that 
the presence o f the low levels o f  circulating progesterone typical o f  the folli­
cular phase or o f the high levels o f  intrafollicular progesterone or both are 
essential for the growth o f  the dom inant follicle, the last stage in the develop­
m ent o f  a preovulatory follicle in prim ates. There are two ways by which 
antiprogestins prevent ovulation: firstly, by interfering with the growth o f  the 
dom inant follicle, the so-called antifolliculotropic or folliculostatic effect; and 
secondly, by inhibiting the LH  surge. This antifolliculotropic effect was sus­
pected when investigators observed that adm inistration o f  large doses o f  m ife­
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pristone (25-10C mg/day) during the m id to late follicular phase prolonged 
the follicular phase and delayed the LH  surge. This occurred in association 
with i ̂  ver estradiol levels than were norm ally observed a t conesponding times 
of the norm al cycle (86-89). U ltrasonography clearly docum ented cessation 
of grow th o f  the dom inant follicle (8 6 , 89).

This delay in the LH  surge consequent to antiprogestin adm inistration was 
also eviden t with considerably lower doses o f  m ifepristone and w as observed 
follow ing 1 mg given for 1 0  days during the follicular phase after the dom inant 
follicle had  achieved a  size o f  14-16 m m  (90). F ive mg o f  m ifepristone 
adm inistered for up to three days in the follicular phase im paired follicular 
developm ent, as docum ented by ultrasound, and was associated with a  reduc­
tion in serum  estradiol and inhibin levels (91). This folliculostatic effect o f 
antiprogestins is exquisitely sensitive and a single 5-m g dose o f m ifepristone 
transiently arrests follicular growth (Figure 3), an effect that is evident 12 h 
after pill ingestion (91). The antifolliculotropic activity is also displayed by 
onapristone (13), and it has also been observed with m ifepristone, onapristone, 
and lilopristone in nonhum an primates (92, 93). This antifolliculotropic effect 
o f antiprogestins is not evident during the earliest part o f  the m enstrual cycle. 
Thus, adm inistration o f  m ifepristone during the first three days o f  the follicular 
phase, at a  tim e when no dom inant follicle is present, has no effect on follicular
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Figure 3 Effect of mifepristone (5 mg) on follicular diameter (as determined by ultrasound) and 
serum estradiol levels.
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grow th and fails to alter subsequent events o f  the cycle (94). This effect o f 
antiprogestins is best dem onstrated when the dom inant follicle reaches a d i­
am eter o f  12 mm. This suggests that grow th beyond 12 m m  is associated with 
functional changes in the follicle, such as acquisition o f  progesterone receptors 
by granulosa cells o f  the dom inant follicle as it approaches m aturity (91, 95).

C ontinuous administration o f 5 or 10 m g o f m ifepristone per day throughout 
one m enstrual cycle prevented the leading follicle from  achieving m aturity 
and from  producing adequate circulatory estradiol levels necessary to trigger 
the L H  surge (Figure 4) (96, 97). W ith low er doses, e.g. I o r 2  m g/day, full 
follicular growth and norm al estrogen levels were attained .n seven., wom en, 
but norm al ovulation failed to occur in m any instances during treatm ent (96, 
97). W ith  these low doses, the occurrence o f unruptured luteinized follicles
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Figure 4  Upper panel shows responses of scrum LH  and follicle-stimulating hormone (FSH) and 
lower panel responses of estradiol and progesterone to continuous administration of mifepristone 
(5 mg/day for one month). This was preceded by a prelreatmenl and followed by a posttrcatmcnt 
cycle. When compared to the prelreatmenl and posttrcatmcnt cycles, the treatment cycle was 
prolonged. During mifepristone administration, estradiol levels were at the early to mid follicular 
phase range, and there was no elevation in progesterone. An LH surge followed by a rise of 
progesterone only occurred after cessation o f mifepristone administration.
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was inferred  by elevation o f serum progesterone w ithout evidence o f  ovulation 
on ultrasound (Figure 5) (97). Thus, w ith high doses o f m ifepristone, ovulation 
suppression during treatm ent can be accounted for prim arily by the absence 
o f  estradio l positive feedback. Even though adequate estrogen signaling does 
occur w ith lower doses, ovulation still fails due to either an inadequate LH 
surge o r an inadequate follicular responsiveness (97).

A fter cessation o f  mifepristone adm inistration at doses that arrest follicular 
g row th, there is either resum ption o f  grow th by the sam e arrested follicle (13) 
or new  follicular recruitm ent (Figure 5) ( 8 6 ). In either case, an estrogen surge 
evok ing  a gonadotropin discharge occurs that is follow ed by a norm al o r 
inadequate luteal phase (8 5 ,9 6 ,9 7 ). A s a consequence, the cycle is lengthened, 
ow ing to prolongation o f  the follicular phase. B leeding fails to occur until 
lu teolysis lakes place (8 6 , 97). Thus, fo r that particular interm enstrual interval, 
ovulation is delayed rather than suppressed. W hen m ifepristone is adm inistered 
in the  follicular phase in m oderate ( 1 0  mg/day) o r high ( 1 0 0  m g/day) doses, 
the delay  in the LH  surge is independent o f  the am ount o f  m ifepristone 
adm inistered and is also uninfluenced by the duration o f  antiprogestin adm ini­
stration (89). The tim e interval from  ingestion o f  the last pill until the LH surge 
rem ained a  rem arkably constant 12.3 ±  3.0 days (mean ±  SD ), w hich approxi­
m ates the  duration o f  the normal follicular phase (89). W hen low mifepristone 
doses (1 ,2 ,  or 5 m g/day) were used, the interval from  the last pill to the LH  
surge tended to be 6  to 1 0  days shorter than a norm al follicular phase o f the 
pretreatm ent cycle. This is probably because with h igher doses a new  follicle 
m ust be recruited m ore often than w ith the lower doses, when the existing 
follicle can resum e its growth (8 6 , 97, 98).

T h e  m echanism  o f  the antifolliculotropic effect rem ains to be elucidated. It 
could represent an effect o f antiprogestins at the hypothalam ic-pituitary level, 
because animal studies demonstrate that antiprogestins bind to PR located in 
brain areas that control reproductive processes (99). A lternatively, it could 
represent a primary effect on the ovary. In addition, antiprogestins m ay operate 
at both  levels.

Several in vitro studies suggest that antiprogestins can act directly on ovarian 
cells, although this has not been confirm ed in all studies (100). M ifepristone 
in doses o f  4 -4 0  ng/m l suppressed progesterone production from cultured 
hum an granulosa cells (101). High concentrations o f  m ifepristone (100 pg/m l) 
are required to inhibit LH-induced stim ulation o f  progesterone from  cultured 
hum an granulosa cells. This suggests that m ifepristone probably acts directly 
on steroidogenic enzym es rather than by a receptor-m ediated response ( 1 0 2 ). 
O ther studies utilizing an isolated rat ovary m odel have also show n that 
m ifepristone inhibits ovulation in the rat by acting directly at the level o f the 
ovary. However, this effect was also only observed with high, nonphysiological 
doses (103). The inhibition o f  ovulation induced by antiprogestins in m onkeys
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mifepristone administration followed by regrowth with ultimate ovulation. In the third subject, mifepristone failed to retard follicle growth. In 
the fourth subject, following cessation o f onapristone, the follicle resumed rapid growth and achieved a size o f  45 mm. There was no ovulation, 
but the rise o f progesterone indicates that this was a luteinized follicle. The final subject also demonstrated continual growth of the follicle, but 
there was no rise in progesterone.
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can be overcom e by exogenous gonadotropins (93, 104), suggesting that if 
fo llicu lar responsiveness is affected by antiprogestins, the com bined action o f  
endogenous phis exogenous gonadotropins is able to overcom e this effect.

O ilier observations are m ore in line w ith an antiprogestin effect operating 
a t the  hypothalam ic o r pituitary levels. One report (105) describes an acute 
decrease in plasma gonadotropin levels follow ing adm inistration o f  a single 
oral dose o f  m ifepristone ( 1 0  or 1 0 0  mg) in the m id or late follicular phase. 
T he decrease in m ean LH was consequent to a reduction in am plitude w ithout 
any change in frequency o f  the LH pulses and w as evident only in those wom en 
w ith high estradiol concentrations. However, m ost authors fail to observe a 
decrease in im m unoreactive gonadotropin levels during the follicular phase 
associated with the antifolliculotropic effect o f  m ifepristone in wom en (8 6 , 
94). In addition, recent studies show that circulating bioactive LH levels are 
also  unaltered (91). O n the other hand, during the m id luteal phase, m ifepris­
tone decreased m ean LH  secretion and LH pulse am plitude and blunted the 
p itu itary  response to gonadoffopin horm one-releasing horm one (GnRH). In 
the late luteal phase, both LH pulse frequency and am plitude decreased (106).

In contrast to these short-term  studies that dem onstrate an inhibitory effect 
o f antiprogestins on gonadotropin secretion, long-term  m ifepristone treatm ent 
(50 to 100 mg/day for three months) to women with endom etriosis or uterine 
m yom a transiently increased mean LH levels and LH pulse am plitude but not 
LH pulse frequency (69, 71, 12). In view o f its antagonistic and agonistic 
properties, it is not surprising that antiprogestins exert diverse effects in d ii- 
ferent conditions. A t the moment, neither a direct action o f  the antiprogestin 
on the follicle rendering it less responsive to FSH nor an e f 'e c t on the pituitary 
resulting in the secretion o f  a less bioactive FSH  molecule can be excluded as 
the m echanism  underlying the folliculostatic effect (91).

Antiprogestins m ay also directly inhibit the LH surge norm ally elicited by 
h igh endogenous estrogen levels (85, 96-98). Furtherm ore, mifepristone is 
able to  block the gonadotropin surge elicited by exogenous estradiol. This 
b lockade a f  the estradiol-induced positive feedback on the LH surge has been 
d em o r trated in tw o studies (107; HB Croxatto, in preparation). Inhibition of 
the LH surge m ost likely results from an action o f the antiprogestin exerted 
d irectly  at the hypothalam ic-pituitary level. Some in vitro studies (108) indicate 
that m ifepristone inhibits LH and FSH secretion by acting directly a t the 
p ituitary. In a rat pituitary cell culture system  prim ed w ith estradiol, m ifepris­
tone inhibited G nRH -induced LH and FSH secretion in a dose-dependent 
m anner. This inhibition was antagonized by the addition o f  progesterone (108). 
On the o ther hand, by using rat pituitary cells obtained w ithout regard to the 
estrous cycle, Rojas et al dem onstrated that m ifepristone had no effect on 
G nR H -induced gonadotropin secretion (100). There is also som e evidence that 
antiprogestins may act directly at the level o f  the hypothalam us. In rats.
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progesterone induces an increase in G nR H  m RNA levels, an effect that is 
blocked by antiprogestins (109). From  the results o f  studieo conducted in 
w om en with hypothalam ic am enorrhea receiving exogenous G nRH , it would 
appear that the dom inant inhibitory effect o f  antiprogestins resides at the level 
o f the pituitary. This is because the delay in LH  surge occasioned by m ifepris­
tone persisted despite exogenous GnRH replacem ent (110).

In view  o f  its ability to arrest follicular developm ent and inhibit the LH 
surge, attem pts have been made to  develop antiprogestins as contraceptive 
agents that act by blocking ovulation. To be successful, any potential regimen 
m ust be given at repeated intervals every 8  to 1 0  days to prevent a dom inant 
follicle from  becom ing a  preovulatory follicle. Alternatively, the antiprogestin 
could b e  adm inistered continuously. Both these possibilities have been evalu­
ated.

in t e r m i t t e n t  ADMINISTRATION This type o f  regim en has been used to sup­
press ovulation in m onkeys, and a clear dose-response effect em erged ( 1 1 1 ). 
W eekly oral adm inistration o f  25 mg o f  mifepristone blocked the expected 
m id-cycle LH and FSH surge, and progesterone concentrations rem ained low. 
Progesterone inhibition how ever was not com plete when half the dose o f  the 
m ifepristone was used (111). W e have evaluated a sim ilar regim en in women 
(112). M ifepristone given in a dose o f  10 mg or 50 mg a t w eekly intervals for 
five w eeks could not consistently inhibit the LH surge and ovulation, and no 
dose-response effect was observed. In a further study, 3 subjects received 50 
mg for 3 successive days repeated at 10-day intervals for a total o f  80 days. 
In tw o o f  these subjects ovulation w as inhibited; how ever, in one subject 
there w as an LH surge during the course o f  treatm ent, with elevation o f 
progesterone levels com patible with ovulation (Figure 6 ). The possibility o f 
failure o f  ingestion o f  the tablets w as excluded because circulatory m ifepris­
tone concentrations were detected in the serum  (Figure 6 ). From these studies 
it was concluded that in hum ans, unlike in monkeys, there w as no consistent 
inhibition o f  the LH surge and ovulation from interm ittent m ifepristone ad­
m inistration.

c o n t i n u o u s  a d m i n i s t r a t i o n  Croxatto and colleagues have carried out 
studies using continuous daily adm inistration o f 1 ,5 , o r 10 mg o f  mifepristone 
to volunteers for one month (97). W ith the two higher doses, there was no 
evidence o f  ovulation, as indicated by ultrasonography and failure o f  proges­
terone levels to increase during treatment: O ther workers have also observed 
that continuous adm inistration o f 2 or 5 mg o f  m ifepristone daily  for one month 
suppresses ovulation (96), whereas I m g daily fails to do so consistently (97, 
98).

D uring both interm ittent and continuous adm inistration o f mifepristone.
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F i g u r e  6  U p p e r  p an e ls  sh o w  se ru m  es tra d io l an d  p ro g e s te ro n e , a n d  lo w e r  p a n e ls  sh o w  se ru m  
m ife p r is to n e  le v e ls  in re sp o n se  to  in te rm itte n t  m ife p r is to n e  ad m in is tr a t io n  (5 0  m g  fo r  3 c o n se c u tiv e  
day s, re p e a te d  e v e ry  10 d a y s  fo r 8 0  d a y s) . D u r in g  tre a tm e n t in  th e  su b je c t  on  th e  le f t ,  o v u la tio n  d id  
no t o c c u r, a n d  p ro g e s te ro n e  le v e ls  w e re  lo w . E s tra d io l le v e ls  w e ie  a t  th e  e a r ly  to  m id  fo ll ic u la r  p h a se  
range. T h e  s u b je c t  d e p ic te d  on  th e  r ig h t d e m o n s tra te d  a n  L H  su rg e  w ith  o v u la tio n  a n d  c o r p u s  iu te u m  
fu n c tio n .

although progesterone levels were low in those subjects w ho did not ovulate, 
estradiol concentrations w ere in the range o f  the early or m id follicular phase 
(96, 97, 112). This raises the possibility o f potential adverse effects o f  unop­
posed estrogen levels on the endom etrium.

Considerable controversy exists in the literature regarding the estrogenic or 
antiestrogenic effects o f  antiprogestins on the endom etrium. In estradiol- plus 
progesterone-treated ovariectom ized m onkeys, m ifepristone behaved as a clas­
sical progestin  antagonist by preventing the transform ation o f  the endom etrium  
to a secre tory  pattern (34, 35, 44). By contrast, in estradiol-treated ovariecto- 
mized m onkeys not receiving progesterone, doses o f  m ifepristone o f  1 mg/kg 
per day acted as a progestin agonist and induced endom etrial secretory trans­
form ation; a higher dose (5 mg/kg per day) how ever was antiestrogenic and 
inhibited both endom etrial proliferation and secretory activity (34 ,44). Slayden 
& B renner (113) adm inistered m ifepristone alone or w ith progesterone after 
two w eeks o f estradiol treatm ent to ovariectom ized rhesus m onkeys. Treatm ent 
with m ifepristone w ithout progesterone resulted in an antiproliferative effect, 
with a m arked reduction in endom etrial w et w eight and endom etrial thickness.
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There w as some m itotic activity in the glandular epithelium , with a marked 
increase in apoptosis and significant strom al com paction (113). Chw alisz and 
cow orkers reported sim ilar antiestrogenic effects in onapristone-treated rabbits 
(114). B ecause antiprogestins do not bind to estrogen receptors (3), this has 
been described as a noncom petitive antiestrogenic effect (34, 44). This effect 
is possibly due to suppression o f  estrogen receptor (E R )-m ediated  transcription 
by m ifepristone occupied PR-A, as previously discussed.

In contrast, other anim al studies have failed to docum ent an antiestrogenic 
effect during  antiprogestin administration. Histological evidence o f estrogenic 
stim ulation o f  the endom etrium  has been observed in intact adult rats receiving 
long-term  onapristone adm inistration. This was interpreted as an effect o f 
unopposed endogenous estrogen (115). Bigsby & Young (116) observed that 
onapristone exhibited m ild estrogenic activity and acted as a weak estrogen 
agonist in the immature ovariectom ized rodent uterus. This was attributed to 
a direct low  binding afPnity  reaction o f  onapristone with the estrogen receptor. 
In addition, the effect o f  onaprist. e w as antagonized by tam oxifen (116). 
How ever, recent unpublished studies in ovariectom ized and ovariectom ized 
plus adrenalectom ized rats indicate that neither onapristone nor m ifepristone 
exhibits estrogenic activity in the uterus and vagina in vivo (61).

T here is only m inim um  information in the literature on possible estrogenic 
or antiestrogenic effects o f  antiprogestins in humans. In estradiol- plus pro- 
gesterone-treated postm enopausal wom en, mifepristone acted as a classical 
progesterone antagonist. However, in these sam e postm enopausal women re­
ceiving estrogen replacem ent w ithout progesterone, m ifepristone produced 
progestone agonistic effects, including induction o f secretory changes, in­
creased estradiol dehydrogenase, and reduced D N A  polym erase activity— ef­
fects th a t w ere also produced when progesterone was adm inistered to estrogen- 
treated w om en (36).

In a study o f 15 wom en with endom etriosis or m yom a treated with m ifepris­
tone (50 m g a day for six m onths) serum  estradiol levels w ere in the range of 
the early  follicular phase, and the endom etrial m orphology was dyssynchro- 
nous. T he data support the hypothesis that m ifepristone could act as a w eak 
progestin agonist in the relative absence o f progesterone. T he endom etrial 
m orphology was more rem iniscent o f an unopposed estrogen effect and there 
was no suggestion o f  an antiestrogenic effect (72, 117). On the other hand, 
there w as also no unequivocal evidence o f  endom etrial hyperplasia, probably 
due to low  endogenous estrogen levels. There have been som e isolated reports 
o f unopposed estrogen effects with endom etrial hyperplasia in prem enopausal 
wom en receiving long-term  high-dose m ifepristone ( 2 0 0  mg daily) for the 
treatm ent o f  inoperable m eningiom a (SM  Grunberg, unpublished data); how ­
ever, th is observation requires system atic study. As discussed below, no evi­
dence o f  endom etrial hyperplasia was reported follow ing low doses o f  m ife­
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pristone (1 mg daily fo r 5 m onths) (HB Croxatto &  L  K ovacs, unpublished 
data). In  view of the conflicting and unresolved effect o f  antiprogestins on the 
endom etrium  and until further studies are forthcom ing, the w isdom  o f ovula­
tion inhibition as a strategy for contraception w ith antiprogestins m ust be 
questioned.

ADDITION OF EXOGENOUS PROGESTINS An attem pt has been m ade to obviate 
the potential effect o f  unopposed estrogen activity on the endom etrium  by the 
addition o f an exogenous progestin. This would also ensure the occurrence o f 
regu lar withdrawal bleeding. M any different regim ens have been used and all 
are associated with norm al bleeding patterns. H ow ever, in m any subjects LH 
surges w ere evident during progestin adm inistration, and they w ere frequently 
fo llow ed  by an increase in progesterone that was com patible with norm al 
corpus luteum activity (118, 119). On occasion, the increases in progesterone 
observed during these cycles were less than those in control subjects, and serial 
u ltrasonography did not always docum ent the occurrence o f  ovulation (118, 
119). This implies luteinization o f  an unruptured follicle. This LH surge ap­
pears to be induced by progestins because B atista e t at (90) dem onstrated that 
intram uscular progesterone triggered an LH surge in w om en in whom the 
fo llicu lar phase had been prolonged by low -dose m ifepristone adm inistration. 
T he addition o f  progestin to an antiprogestin regim en reduces the effectiveness 
o f ovulation inhibition belt > the level w here it can be recom m ended as a 
contraceptive method.

Effect o f Antiprogestins on Endometrial Development
S everal observations suggest that the endom etrium  is m ore easily disrupted by 
antiprogestins than are the hormonal events o f  the m enstrual cycle. Batista and 
cow orkers (98) treated 11 normally cycling  w om en with m ifepristone (1 mg 
daily) for one month in a random ized double-blind study. In this study there 
w as retardation o f  endom etrial m aturation w ithout any change in gonadal 
stero id  production. However, even with this low dose, the mid cycle LH surge 
w as delayed, and the follicular phase prolonged by 1 to 11 days in 9 o f  these 
w om en (98). Croxatto et a! (97) have dem onstrated that when 1 m g o f m ifepris­
tone w as adm inistered daily for one month to five norm al women, endom etrial 
h isto logy was disturbed in all subjects. Suppression o f  ovulation only occurred 
in o n e  o f  the five subjects and the horm onal profile was suggestive o f ovulation 
in  the  rem aining four (97). Ishw ad et al (120) show ed that in bonnet m onkeys 
g iven  w eekly onapristone, low doses (5 -1 0  m g) im paired endom etrial devel­
opm ent without altering cycle length. A dose o f 20  mg significantly prolonged 
the  length o f  the treatm ent cycle ( 1 2 0 ).

T hese findings have been confirm ed by other studies in hum ans (121, 122),
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A single dose  o f  m ifepristone (10 mg) adm inistered five and eight days after 
the LH surge disrupted endom etrial m aturation producing a  m arked assyn- 
chrony betw een glandular and stromal elem ents. Strom al edem a was reduced, 
and g landu lar developm ent was dela ted , whereas the bleeding patterns and 
horm onal events o f the cycle  rem ained undisturbed (123).

T hese observations suggest an alternative approach to contraception. En­
dom etrial and stromal synchrony are essential for successful im plantation. 
A ntiprogestins could function as contraceptives by delaying endom etrial de­
velopm ent, making it im possible for the endom etrium  to sustain im plantation 
o f the blastocyst. N avot et al (124) studied wom en with ovarian failure treated 
with sequential estrogen and progesterone replacem ent therapy adm inistered 
in a pattern to mimic the natural 28-day cycle. This therapy w as to ensure an 
endom etrial milieu suitable for em bryo im plantation. T he tem poral w indow 
of endom etrial receptivity was measured by replacing 2 - to 1 2 -cell em bryos 
betw een days 16 and 24 o f  these horm onally and histologically defined ideal­
ized cycles. Only transfers on days 17 to 19 resulted in conception (124). This 
suggests that there is a critical time period during w hich the endom etrium  is 
receptive for successful im plantation. This is known as the im plantation win­
dow.

Studies in animals lend support to the role o f  a tem porally defined im plan­
tation w indow . In pseudopregnant rabbits in which ovulation is induced by 
hCG, the adm inistration o f  onapristone and estradiol retards endom etrial de­
velopm ent. T he transfer o f day 4 donor blastocysts into these recipient rabbits 
on day 12, follow ing hCG  adm inistration, resulted in norm al im plantation and 
em bryonic developm ent (125). Thus the antiprogestin treatm ent delayed en­
dom etrial developm ent. T ransfer o f  day 4  donor blastocysts to untreated re­
cipients on day 6  failed to result in any successful im plantations (126). The 
delay in endom etrial developm ent consequent to antiprogestins would preclude 
successful im plantation o f  the normally fertilized ovum .

T hat this strategy has contraceptive potential has been show n in studies 
conducted in both m onkeys and hum ans. Ghosh & Sengupta (127) adm inis­
tered m ifepristone in a single dose o f  2  mg/kg or 1 0  m g/kg two days after 
ovulation for two to three consecutive cycles to rhesus m onkeys. There were 
no pregnancies in 18 treatm ent cycles com pared to 4  ou t o f  5 pregnancies in 
control cycles. Studies in cycling bonnet m onkeys have show n that low-dose 
onapristone adm inistration (2.5 or 5 mg every third day by subcutaneous 
injection) had little effect on the menstrual cycle and estradiol and progesterone 
concentrations. Four anim als treated w ith 2.5 mg for 17 consecutive cycles 
and ano ther receiving 5 mg for 21 cycles did not conceive. This treatm ent 
failed in one additional m onkey with a short pretreatm ent and treatm ent cycle, 
and there w as conception in the first treatm ent cycle. Each o f  the five controls 
receiving vehicle alone becam e pregnant within the first, second, o r third cycle.
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In all treated anim als, endom etrial growth and developm ent was retarded and 
ou t o f  phase (128).

S im ilar observations have also been m ade in women. Swahn et al (122) 
adm inistered a  single 2 0 0  mg dose o f  mifepristone on the second day after the 
LH surge and noted that this resulted in endom etrial retardation that was 
evident 12 h after m ifepristone, becom ing more prom inent after 36 and 84 h. 
This regim en did not alter the length o f  the cycle or serum  FSH or progesterone 
levels. W hen the strategy was used as the only contraceptive m ethod in 21 
w om en for a total o f 169 treatm ent cycles fo r up to 12 m onths, only one clinical 
pregnancy resulted (129). For this approach to receive wide application, how ­
ever, a  sim ple m ethod o f  detecting the L.H surge is required.

Instead  of a single adm inistration o f  antiprogestin, this method could be 
sim plified by a continuous low-dose regim en. This avenue has been explored 
in a  tw o-center study (HB Croxatto &  L Kovacs, unpublished data). A  daily 
dose o f  1 mg m ifepristone was given continuously for five months. Assessm ent 
o f  ovarian function during treatm ent revealed two types o f  response. Nearly 
one h a lf  o f the cycles were ovulatory (Figure 7) with o r w ithout prolongation 
o f  the follicular phase but with normal luteal phase progesterone levels. How­
ever the endometrial morphology assessed on the seventh to  ninth day after 
the LH  surge dem onstrated delayed or irregular developm ent, indicating again 
that the endom etrium  is m ore sensitive than the ovary to the action o f  m ifepris­
tone. T he rem aining subjects presented m onophasic cycles (Figure 8 ) with 
norm al o r  low serum estradiol levels, absence o f ovulation, and no luteal phase. 
These subjects rem ained am enorrheic during treatment. D espite continuous 
exposure to unopposed estrogen and no endom etrial shedding for a  period o f 
five m onths, endometrial hyperplasia w as not observed.

These results indicate that m ifepristone in a dose o f  1 mg per day is still 
too high to attain a selective endom etrial effect in the m ajority o f women. 
Further studies need to be conducted to determ ine a practical approach to 
adm inister antiprogestins in doses low enough to alter endom etrial m aturation 
but w ithou t affecting horm onal patterns o r events in the m enstrual cycle. 
Presum ably such an approach would not result in unopposed estrogen effects 
on the endom etrium.

Several endom etrial factors or m arkers appear to be essential for the im ­
plantation process, and their m easurem ents may give an indication o f  im plan­
tation (130, 131). Such m arkers should be  specific to  the endom etrium , have 
known functions, be unaffected by em bryonic signaling, and have specific 
probes available to detect their presence. T hese m arkers should be m axim ally 
present during the window of im plantation (132). Potential m arkers include 
the avp3  vitronectin receptor, which is an integrin (133), o r one of the cyto­
kines, w hich include leukem ia inhibiting factor (LIF) (134), colony stim ulating 
factor (CSF-1) (135), and interleukin-1 (IL-1) (136), although there are nu-
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Figure 8  Response to mifepristone (1 mg per day) administered over five consecutive months preceded by a control cycle. See Figure 
7 for details. Follicle rupture did occur in the fifth treatment cycle. However, in none of the three treatment cycles depicted was there 
evidence of ovulation. Moreover, serum progesterone levels remained low, estradiol levels were in the early to mid follicular phase range, 
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m erous additional potential candidates (130, 131). Progesterone-dependent 
endom etrial markers that have been show n to be dow n-regulated by antipro- 
gestins include certain histones (H2A, H2B, and H3) (137), 17|3 hydroxysteroid 
dehydrogenase (138), m etalloproteinase inhibitor (139), keratinocyte growth 
factor (K G F) (140), heparin-binding epiderm al growth fac to r-like  grow th fac­
tor (H B -EG F) (141), and an endom etrial secretory glycan (142). O ther m arkers 
such as estrogen and progesterone receptors (138) and creatine kinase (143) 
are estrogen dependent. They are suppressed by progesterone, and this effect 
is b locked  by antiprogestins (138, 143). Some m arkers, e.g. calcitonin, are 
under dual control o f  both estrogens and progestins (144). Only a few o f these 
m arkers have been described in the hum an endom etrium  (137, 139, 142). 
M oreover, many o f  the changes induced by antiprogestins are too qualitative 
and are o f  limited value in the individual subject. N evertheless finding such a 
m arker w ill be o f inestim able value in precisely defining subtle endom etrial 
effects o f  antiprogestins, thus facilitating clinical studies aim ed at developing 
antiprogestins as contraceptive agents acting by delaying endom etrial devel­
opm ent w ithout altering ovulation or bleeding patterns.

Effect o f  Antiprogestins on Endometrial Integrity
W ith the fall in estradiol and progesterone at the end o f  the luteal phase, 
endom etrial bleeding occurs. O ne o f  the m ajor effects o f  progesterone is to 
m aintain endom etrial integrity. Thus an antiprogestin could display contracep­
tive potential by inducing endometrial shedding W hen a  single dose o f  m ife­
pristone (50  to 800 m g) was adm inistered b to 8  days after the L H  surge to 
norm al wom en, m enses was induced within 72 h (145). In one third o f  these 
subjects, this represented the only bleeding episode and w as associated with 
a decline in estradiol and progesterone concentrations, suggesting luteolysis. 
H ow ever in two thirds o f  the subjects, m ifepristone did not induce com plete 
luteolysis, and after a few days there was a further bleeding episode. Daily 
blood sam ples from subjects in which luteolysis did not occur im m ediately 
after antiprogestin  treatm ent showed the initial decline in estradiol was fol­
lowed w ithin three days by a rebound increase in LH, estradiol, and proges­
terone levels (106). T he onset o f  the second episode o f  uterine bleeding 
coincided with the decline in estradiol and progesterone when spontaneous 
luteolysis occurred. Thus mid luteal mifepristone adm inistration is associated 
with early  onset o f  bleeding, variable bleeding patterns, and inconsistent lute­
olysis. In addition, luteolysis appears to be unrelated to the dose o f  m ifepristone 
adm inistered (145). Thus m id luteal phase antiprogestin does not appear to 
offer a practical contraceptive potential.

In con trast to the occurrence o f variable bleeding patterns observed w hen 
m ifepristone was adm inistered in the mid luteal phase, late luteal phase ad­
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m inistration resulted in only one bleeding episode, w hich usually com m enced 
within 24  to 48 h o f drug adm inistration (106, 146). Such treatm ent often 
shortened the luteal phase and prolonged the follicular phase o f the follow ing 
untreated cycle (106, 146). In one study, mife iristone (100 mg per day) was 
adm inistered to 10 w om en for 4  consecutive days prior to the expected m enses 
in 3 successive cycles. This was preceded by and follow ed by tw o placebo 
treatm ent cycles. Results showed that there was no disturbance in bleeding 
patterns and hormonal param eters. Daily m easurem ent o f  urinary estrone glu- 
curonide and pregnanediol glucuronide over the duration o f  the study in all o f  
these w om en revealed the occurrence o f  normal ovulation and appropriate 
corpus luteum  function during treatm ent and posttreatm ent cycles (146). Thus 
m ifepristone had no m ajor effect on m enstrual cycle events when adm inistered 
at the tim e o f  the natural progesterone withdraw al occurring before m enses in 
normal wom en.

ONCE MONTHLY a d m in is t r a t io n  B ecause late luteal phase m ifepristone ad­
m inistration did not disturb the cycle, studies have been undertaken in women 
to ascertain  whether antiprogestins, adm inistered each m onth at the expected 
time o f  m enses or alternatively at the tim e o f missed m enses, could prevent 
pregnancy. These wom en were not using any other form  o f  contraception. 
W ith the first alternative, antiprogestins are used regularly even though there 
may be  no fertilization; with the second m odality, antiprogestins are only used 
in those cycles where there is a delay in menses.

W hen used monthly, mifepristone w ar usually adm inistered in a single dose 
o f 600 o r  400 mg at the end o f  the luteal phase; however, in som e studies, 100 
mg w as given daily for four successive days (147-151). In all o f these studies 
PhCG concentrations were determ ined in order to precisely docum ent the 
num ber o f  subjects who conceived. This ranged from 12.5 to 60% . M ifepris­
tone was successful in term inating pregnancy in the m ajority o f  subjects. The 
percentage o f  those subjects with a continuing pregnancy as a function o f  the 
total num ber o f  women studied ranged from  2.9 to 8.3%. The 3 largest studies 
each involved more than 20 confirm ed pregnancies (147, 150. 151). By ex­
pressing the results as the num ber o f  continuing pregnancies in relation to the 
num ber o f  confirm ed pregnancies, the actual failure rate in these three studies 
ranged from  17 to 19%. This is sim ilar to the failure rate o f  mifepristone when 
used to  term inate early pregnancy w ithout a prostaglandin (5, 9 -1 2 , 14, 50, 
51).

W hen used as a m onthly menses regulator, many subjects were dissatisfied 
with the m ethod. This was related to the fact that on occasion, the treatm ent 
cycle was prolonged, causing alteration in the menstrual rhythm  (151). Fur­
therm ore, mifepristone did not induce bleeding in anovulatory cycles. Thus 
C ouzinet et al (151) had intended to exam ine 12 subjects for 18 consecutive
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cycles; however, only four subjects com pleted the study. Com pliance was poor, 
and there was general dissatisfaction with the m ethod. Indeed acceptability 
studies conducted in w om en from different ethnic groups and varying social 
backgrounds indicate that the m ajority o f  wom en prefer ovulation inhibition 
rather than prevention o f  im plantat .1 or dislodgem ent o f  an im planted em bryo 
as their m ethod o f contraception (152).

W hen used after m issed menses, m ifepristone together with a prostaglandin 
has been show n to prevent pregnancy in women w ith m enstrual delay o f  up 
to 11 days (153). In this study 193 o f  the 228 wom en enrolled w ere show n 
retrospectively to be pregnant. They all received 600 mg m ifepristone follow ed 
within 48  h by 1 m g o f  the vaginal suppository gem eprost. The overall success 
rate w as 97.9%  (153). Further studies need to be conducted to determ ine 
w hether a  sim ilar antiprogestin-prostaglandin com bination could function as 
a once-a-m onth contraceptive.

p o s t c o it a l  a d m in is t r a t io n  All the above-mentioned effects— such as ovu­
lation inhibition, delayed endometrial developm ent, and endom etrial slough­
ing— m ay be operating when antiprogestins act as postcoital agents. Indeed, 
m ifepristone has been successfully used to prevent pregnancy when given 
within 72  h o f  unprotected intercourse. G lasier et al (154) adm inistered 600 
mg o f  m ifepristor i 1 0  402  women and com pared the response to the standard 
high-dose estrogen progestin treatm ent that was given to 398 women. A total 
o f  23 pregnancies was expected in each group. None o f  the subjects receiving 
m ifepristone becam e pregnant, as com pared to four w ho received the standard 
regim en (154). W ebb et al (155) reported results o f  a com parative study in 
w hich w om en received either 600 mg o f  m ifepristone (195 wom en), high-dose 
estrogen-progestin (191 wom en), o r danazol (193 w om en), within 72 h o f 
unpro teck  ! intercourse. There were no pregnancies in the m ifepristone group, 
five in the  high-dose estrogen-progestin group, and six  in the danazol group. 
Thus in these two studies, there have been a total o f  9 pregnancies with 
high-dose estrogen-progestin and none with mifepristone. This low failure rate 
indicates that m ifepristone is an effective postcoital agent. In both studies, side 
effects such as nausea, vom iting, and breast tenderness were significantly less 
with m ifepristone than the standard high-dose estrogen-piogesterone methods. 
H ow ever, menstrual cycle delay was m ore com m on in the group receiving the 
antiprogestin (154, 155). Another possible advantage o f mifepristone as a  
postcoital agent is that it m ay be effective fo r longer than 72 h after unprotected 
intercourse. It is clear that this is a very prom ising new strategy for family 
planning, and further large-scale dose-finding studies are currently being con ­
ducted.

W hen mifepristone is used as a postcoital agent, careful follow -up is m an­
datory because some w om en may continue with their pregnancy despite nnfe-
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pristone adm inistration. A lthough no teratogenic effects have been observed 
to date in rats and m ice (156), skull deform ities were detected in a rabbit study 
(157). T hese  were attributed to m echanical effects secondary to uterine con­
tractions consequent to a decrease in progesterone levels. Experiment? con­
ducted in m onkey em bryos exposed in vivo and in vitro in the perinidatory 
interval show  them to be  tolerant of m ifepristone (158). T here are isolated case 
reports o f  norm al pregnancies and offspring when women have taken m ifepris­
tone alone or in com bination with a prostaglandin, have not aborted, and have 
elected to  continue their pregnancies (159, 160). O ne w om an 's pregnancy was 
term inated at 18 w eeks because ultrasonography revealed that the fetus had 
m ultiple severe congenital defects not thought to have been caused by mifepris­
tone (160).

CONCLUSION

Antiprogestins have num erous proven and potential clinical applications. To 
regard antiprogestins exclusively as abortifacients is to grossly underestim ate 
their usefulness. Few  o f these clinical applications were envisaged when an­
tiprogestins were first described 14 years ago. One m ajor area o f  clinical 
research and developm ent on antiprogestins is their use as contraceptives. 
A lthough ovulation inhibition and m onthly m enses regulation do not presently 
appear to  be feasible, there are several prom ising leads. Use o f  m ifepristone 
as a postcoital contraceptive adm inistered within 72 h o f  unprotected inter­
course appears very effective. A nother potentially useful method would be to 
delay endom etrial developm ent so that the fertilized ovum  fails to implant. 
The antiprogestin should be given in a low enough dose to delay endom etrial 
developm ent w ithout altering bleeding patterns or hormonal events o f the 
cycle. In particular, there should be no progesterone suppression with unop­
posed estrogen activity, and evidence from  studies in both anim als and women 
indicate that this m ay be achieved. Further research on developm ent o f these 
uses o f  antiprogestins is required to extend their clinical application.

Acknowledgments

We thank Drs. Indrani B agchi, Donald M cD onnell, C. Edgar Cook, and Lauri 
Benton and Professor Israel Agranat for their helpful com m ents. Ms. L. Mc- 
Keiver provided expert editorial assistance and Mr. Evan Read produced the 
figures. This study w as supported by T he G eorge J. Hecht Fund, The Andrew 
W. M ellon Foundation, and the R ockefeller Foundation.

A ny A n n u o / R e v i e w  ch a p te r, as well as an y  a r tic le  cited In an A n n u a l  R e v i e w  chap ter, 
m ay be pu rchased  from  th e  A nnual Reviews P rep rin ts  an d  R eprin ts  service. 

1-800-347-8007} 415-259*5017; em ail: arp r@ class.o rg



74 SPITZ, CROXATTO & ROBBINS

Literature Cited

1. Sherman MR, Corvol PL, O’Malley 
BW. 1970. Progesterone-binding com­
ponents of chick oviduct. I. Preliminary 
characterization o f cytoplasmic compo­
nents. J. Biol. Chem. 245:6085-96

2. Philibert D, Deraedt R, Teutsch G. 1981. 
RU38486: a potent antiglucocorticoid 
in vivo. 8th Int. Congr. Pharmaccl, 
Tokyo. Abst. No. 1463

3. Philibert D. 1984. RU 38486: an origi­
nal multifaceted antihormone in vivo. 
In Adrenal Steroid Antagonism, ed. 
MK Agarwal, pp. 77-101. Berlin: 
Gruyler

4. Hodgen CD. 1991. Antiprogestins: the 
political chemistry of RU 486. Fertii 
Steril. 56:394-95

5. Baulifiu EE. 1989. Contragestion and 
other clinical applications of RU 486, 
an antiprogesterone at the receptor. Sci­
ence 245:1351-57

6. Cook CE, Want MC, Lee Y-W, Fail 
PA, Pctrow V. 1992. Reversal of activity 
profile in analogs of the antiprogestin 
RU 486; effect of a !6a-substituent on 
progestational (agonist) activity. Life 
Sci. 52:155-62

7. Kloosterboer HJ, Deckers GHJ. van der 
Heuve) MJ, Loozen HJJ. 1988. Screen­
ing of anti-progestagens by receptor 
studies and bioassays. J. Steroid P{o* 
chem. 31:567-71

8. Teutsch G, Philibert D. 1994. History 
and perspectives of antiprogestins from 
the chemist's point of view. Sec Ref. 
161. pp. 12-31

9. Uimann A, Teutsch G, Philibert D. 
1990. RU 486. Sci. Am. 262:42-48

10. Spitz IM, Bardin CW. 1993. Mifepris­
tone (RU 486)— A modulator of pro­
gestin and glucocorticoid action. /V. 
Engl. J. Med. 329:404-12

11. Spitz IM, Bardin CW. 1993. Clinical 
pharmacology of RU 486—-An antipro­
gestin and antiglucocorticoid. Contra­
ception 48:403-44

12. Van Look PFA, von Hcrtzen H 1995. 
Clinical uses of anliprogcstins. Hum. 
Reprod. Update 1:19-34

13. Croxatto HB, Salvatierra AM, Fuen- 
tealba B, Zurth C, Beier S. 1994. Effect 
o f  the antiprogestin onaprtstone on fol­
licular growth in women. Num. Reprod. 
9:1442-47

14. Swahn M-L, Kovacs L, Cekan SZ, Aedo 
A-A, Westlund P. 1994. Termination of 
early pregnancy with ZK 98,734: phar­
macokinetic behaviour and clinical ef­
fect. Hum. Reprod. 9:57-63

15. Wiechert R. Neef G. 1987. Synthesis of

antiprogestational steroids. J. Steroid 
Biochem. 27:851-58

16. Evans RM. 1988. The steroid and thy­
roid hormone receptor superfamily. Sci­
ence 240:889-95

17. Benhamou B, Garcia T, Lerouge T, 
Vergezac A, Gofflo D, et al. 1992. A 
single amino acid that determines the 
sensitivity of progesterone receptors to 
RU 486. Science 255:206-9

18. Bagchi MK, Tsai SY, Tsai M-J, O’Mal­
ley BW. 1990. Identification of a func- 
,'onal intermediate in receptor activation 
in progesterone-dependent cell-free 
transcription. Nature 345:547-50

19. Tsai M-J, O ’Malley BW. 1994. Molecu­
lar mechanisms of action of steroidAhy- 
roid receptor superfamily members. 
Annu. Rev. Biochem. 63:451-86

20. Vegeto E, Allan 0  \  Schrader WT, Tsai 
J-J, McDonnell DP, O’Malley BW.
1992. The mechanism of RU486 an­
tagonism is dependent on the confor­
mation of the carboxy-terminal tail of 
the human progesterone receptor. Cell 
69:703-13

21. Beato M. 1989. Gene regulation by ster­
oid hormones. Cell 56:335-44

22. Meyer M-E, Pornon A, Ji J, Bocquel 
M-T, Chnmbon P, Gronemeyer H. 1990. 
Agonistic and antagonistic activities of 
RU 486 on the functions of the human 
progesterone receptor. EMBO J. 9:3923- 
32

23. Bocqu' M-T, Ji J, Ylikomt T, Ben­
hamou B, Vergezac A, et al. 1993. Type 
11 antagonists impair the DNA binding 
of steroid hormone receptors without 
affecting dimerization. J. Steroid Bio- 
chem. Mol. Biol. 45:205-15

24. Klein-Hitpass L, Cato ACB, Henderson 
D, Ryffel GU. 1991. Two types o f an- 
tiprogestins identified by their differen­
tial action in transcriptionally active 
extracts from T47D cells. Nucleic Acids 
Res. 19:1227-34

25. Beck CA, Weigel NL, Moyer ML, Nor- 
deen SK, Edwards DP. 1993. The pro­
gesterone antagonist RU486 acquires 
agonist activity upon stimulation of 
cAMP signaling pathways. Proc. Natl. 
Acad. Sci. USA 90:4441-45

26. Sartorius CA, Groshong SD, Miller LA, 
Powell RL, Tung L, et al. 1994. New 
T47D breast cancer cell lines for the 
independent study of progesterone B- 
and A-receplors: only antiprogestin-oc- 
cupied B-receptors are switched to tran­
scriptional agonist by cAMP. Cancer 
Res. 54:3868-77



ANTIPROGESTINS 75

27. Tung L, Mohamed MK> Hoeffier JP> 
Takimoto GS. Horsvitz KB. 1993. An­
tagonist-occupied human progesterone 
B-rcceptors activate transcription with­
out binding to progesterone response 
elements and are dominantly inhibited 
by A-receptors. Mol. Endocrinol. 7: 
1256-65

28. Nordeen SK, Bona BJ. Moyer M L
1993. Latent agonist activity of the ster­
o id antagonist, RU486, is unmasked in 
cells treated with activators of protein 
kinase A. Mol. Endocrinol. 7:731-42

29. Sartorius CA. Tung L. Takimoto GS, 
Horwitz KB. 1993. Antagonist-occupied 
human progesterone receptors bound to 
DNA are functionally switched to tran­
scriptional agonists by cAMP. 3. Biol 
Chem. 268:9262-66

30. Delabre K, Gurochon-Mantel A, Mil- 
grom E. 1993. In vivo evidence against 
the existen. - of anhprogestins disrupt­
ing receptor b idingtoDNA. Proc. N all 
Acad. Set. USA 90:4421-25

31. Truss M, Bartsch J, Beato M. 1994. 
Antiprogestins prevent progesterone re­
ceptor binding to hormone responsive 
elements in vivo. Proc. Natl. Acad. Sci. 
USA 91:11333-37

32. Beck CA, Estes PA, Bona BJ, Muro- 
Cacho CA, Nordeen SK, Edwards DP.
1993. The steroid antagonist RU486 ex­
erts different effects on the glucocorti­
coid and progesterone receptors. £Wo- 
crinology 133:728-40

33. Horwitz KB. 1992. The molecular bi­
ology of RU 486. is there a role for 
antiprogestins in the treatment o f breast 
cancer? Endocrine Rev. 13:146-63

34. W olf JP, Ulmann A, Hsiu JG, Baulicu 
EE, Anderson TL, Hodgen GD. 1989. 
Noncompetitive antiestrogenic effect of 
RU 486 in blocking the estrogen-stimu­
lated luteinizing hormone surge and the 
proliferative action of estradiol on en­
dometrium in castrate monkeys. FertiL 
Steril. 52:1055-60

35. Koering MJ, Healy DL, Hodgen GD.
1986. Morphologic response o f endo­
metrium to a progesterone receptor an­
tagonist, RU 486 in monkeys. FertiL 
Steril. 45:280-87

36. Gravanis A, Schaison G, George M, de 
Brux J, Sntyaswaroop PG, Baulicu EE. 
Robel P. 1985. Endometrial and pitui­
tary responses to the steroidal antipro­
gestin RU 486 in postmenopausal wo­
men. J. CUn. Endocrinol. Metab. 60: 
156-63

37. Conncely OM, Maxwell BL, Toft DO, 
Schmder WT, O'Malley BW. 1987. The 
A and B forms of the chicken proges­
terone receptor arise by alternate initia­

tion o f translation of a unique mRNA. 
Biochem. Biophys, Res. Commitn. 149: 
483-501

38. Kastner P, Krust A, Turcotte B, Stropp 
U, Toro L, el a). 1990. Two distinct 
estrogen-regulated promoters generate 
transcripts encoding the two function­
ally different human progesterone re­
ceptor forms A and B. EMBO J. 9: 
1603-14

39. Christensen K, Estes PA, Onate SA, 
Beck CA, DeMarzo A, et al, 1991. 
Characterization and functional proper­
ties of the A and B forms of human 
progesterone receptors synthesized in a 
baculovirus system. M ol Endocrinol. 
5:1755-70

40. Edwards DP, Weigel NL, Nordeen SK, 
Beck CA. 1993. Modulators o f cellular 
protein phosphorylation alter the trans- 
activation function o f human progestei- 
one receptor and the biological activity 
of progesterone antagonists. Breast 
Cancer Res. Treat. 27:41-56

41. Vegeto E, Shahbaz MM, Wen DX, 
Goldman ME, O’Malley BW, McDon­
nell DP. 1993. Human progesterone re­
ceptor A form is a cell- and promo­
ter-specific repressor o f human proges­
terone receptor B function. Mol, £ndo- 
crinol 7:1244-55

42. McDonnell DP, Shahbaz MM, Vegeto 
E, Goldman ME. 1994. The human pro­
gesterone receptor A-fornt functions as 
a transcriptional modulator of mineralo- 
corticoid receptor transcriptional activ­
ity. J. Steroid Biochem. Mol. Biol. 48: 
425-32

43. McDonnell DP, Goldman ME. 1994. 
RU 486 exerts antiestrogenic activities 
through a novel progesterone receptor 
A form-mediated mechanism. J. Biol. 
Chem. 269:11945-49

44. Hodgen GD, van Ucm JFHM, Chillik 
CF, Danforth DR, W olf JP, et al. 
1994. Non-competitive anti-oestro­
genic activity of progesterone antago­
nists in primate models. See Ref. 161, 
pp. 77-81

45. Wen DX, Xu Y-F, Mais DE, Goldman 
ME, McDonnell DP. 1994. The A and 
B isoforms of the human progesterone 
receptor operate through distinct signal­
ing pathways within target cells. Mol. 
Cell Biol. 14:8356-64

46. McDonnell DP. 1995. Unraveling (he 
human progesterone receptor signal 
transduction pathways (insights into an­
tiprogestin action). Trends Endocrinol 
Metab. 6:133-38

47. Fell PD, Clarke CL, Sntyaswaroop PG.
1988. Progestin-mediated changes in 
progesterone receptor forms in the nor­



76 SPITZ, CROXATTO & ROBBINS

mal human endometrium. Endocrinol­
ogy 123:2506-13

48. Mangal RK, Poindexter AN III, Weigel 
NL, Wiehle RD. 1995. Does estrogen 
affect the progesterone receptor B sub­
unit in human endometrium? / .  Soc. 
Gynecol. Invest. 2: 411 (Abstr.)

49. Brandon DB, Bethea CL, Shawn EY, 
Novy MJ, Burry KA, et al. 1993. Pro­
gesterone receptor messenger ribonu­
cleic acid and protein are overexpressed 
in human uterine leimyomas. Am. J. 
Obstet. Gynecol. 169:7 £-85

50. Herrmann W, Wyss R, Riondei A, 
Philibert D, Teutsch G, et al. 1982. Effet 
d 'un  steroide antiprogesterone chez la 
femme: interruption du cycle menstruel 
et de la grossesse au debut. C. R. Acad. 
Sci. Ser. B 294:933-38

51. Couzinet B, Le Strat N, Ulmann A, 
Baulieu EE, Schaison G. 1986. Termi­
nation of early pregnancy by the pro­
gesterone antagonist, RU 486 (mife­
pristone). M Engl. J. M ed  315:1565-70

52. Bygdeman M, Swahn ML. 1985. Pro­
gesterone receptor blockage. Effect on 
uterine contractility and early preg­
nancy. Contraception 32:45-51

53. Cheng L, Kelly RW, Thong KJ, Hume 
R, Baird DT. 1993. The effects of mife­
pristone (RU486) on prostaglandin de­
hydrogenase in decidual and chorionic 
tissue in early pregnancy. Hum. Reprod. 
8:705-9

54. Cheng L, Kelly RW, Thong KJ, Hume 
R, Baird DT. 1993. The effect of 
mifepristone fRU 486) on the immu- 
nohistochemical distribution o f pros­
taglandin E and its metabolite in 
decidual and chorionic tissue in early 
pregnancy. J. Clin. Endocrinol. Metab. 
77:873-77

55. Garfield RE, Gasc JM, Baulieu EE. 
1987. Effects of the antiprogesterone 
RU 486 on preterm birth in the rat. Am. 
J. Obstet. Gynecol. 157:1281-85

56. Garfield RE, Blennerhassett MG, Miller 
SM. 1988. Control of myometrial con­
tractility: role and regulation of gap 
junctions. In Oxford Reviews o f Repro­
ductive Biology, ed. JR Clarke, pp. 436-
90. Oxford: Oxford Univ. Press

57. UK Multicentre Trial. 1990. The effi­
cacy and tolerance of mifepristone and 
prostaglandin in first trimester termina­
tion of pregnancy. Br. J. Obstet. Gyne­
c o l 97:480-86

58. Silvestre L, Dubois C, Renault M, Rez- 
vani Y, Baulieu EE, Ulmann A. 1990. 
Voluntary interruption o f pregnancy 
with mifepristone (RU 486) and a pro­
staglandin analogue. N. Engl. J, Med. 
322:645-48

59. Peyron R, Aubeny E, Targosz V, Sil­
vestre L, Renault M, et al. 1993. Early 
termination o f  pregnancy with mifepris­
tone (RU 486) and the orally active 
prostaglandin misoprostol. M E ngl J. 
Med. 328:1509-13

60. Radestad A, Bygdeman M. 1993. Are 
prostaglandins mediators o f Mifepris­
tone (RU 486)-induced cervical soften­
ing in early pregnancy? J. Lipid Medial. 
6:503-7

61. Chwalisz K, Stockemann K, Fuhrmann 
U, Fritzemeier KH, Einspanier A, Gar­
field RE. 1995. Mechanism o f action of 
antiprogestins in the pregnant uterus. 
Ann. N Y  Acad, Sci. 761:202-23

62. Kelly RW, Leask R, Calder AA. 1992. 
Choriodecidual production of inter- 
leukin-S and the mechanism o f parturi­
tion. Lancet 339:776-77

63. Henshaw RC, Templeton AA. 1991. 
Pre-operative cervical preparation be­
fore first trimester vacuum aspiration: 
a randomized controlled comparison be­
tween gemeprost and mifepristone (RU 
486). Br. J. Obstet. Gynecol 98:1025- 
30

64. Rodger MW, Baird DT. 1990. Pretreat­
ment with mifepristone (RU 486) re­
duces interval between prostaglandin 
administration and expulsion in second 
trimester abortion. Br. J. Obstet. Gyne­
co l 97:41-45

65. Gupta JK, Johnson N\ 1990. Effect of 
mifepristone on dilatation o f the preg­
nant and non-pregnant cervix. Lancet 
335:1238-40

66. Cabrol D, Dubois C, Cronje H, G on net 
JM, Guillot M, et al. 1990. Induction 
of labor with mifepristone (RU 486) in 
intrauterine fetal death. Am. J. Obstet. 
Gynecol. 163:540-42

67. Frydman R, Baton C, Lclaidier C, Vial 
M, Bourget Ph, Fernandez H. 1991. 
Mifepristone for induction o f labour. 
Lancet 337:488-89

68. Hill NCW, Selinger M, Ferguson J, 
MacKenzie 1Z. 1990. The placental 
transfer of mifepristone (RU 486) during 
the second trimester and its influence 
upon maternal and fetal steroid concen­
trations. Br. J. Obstet. Gynecol. 97:406- 
11

69. Kettel LM, Murphy AA, Morales AJ, 
Yen SSC. 1994. Clinical efficacy of the 
antiprogesterone RU486 in the treat­
ment of endometriosis and uterine fi­
broids. See Ref. 161, pp. 111-25

70. Yen SSC. 1993. Use of antiprogestins 
in the management o f endometriosis 
and leiomyoma. In Clinical Applica­
tions o f Mifepristone (RU 496) and 
Other Antiprogestins, ed. MS Donald­



ANTIPROGESTINS 77

son, L  Dorflinger, SS Brown, LZ Benet, 
pp. 189-209. Washington, DC: Natl. 
Acad. Press

71. Murphy AA, Kettel LM, Morales AJ, 
Roberts VJ, Yen S S C  1993. Regression 
o f uterine leiomyomata in response to 
the antlprogesterone RU 486. J. Clin. 
Endocrinol. Metab. 76:513-17

72. Murphy AA, Castellano PZ. 1994. 
RU486: pharmacology and potential use 
in the treatment of endometriosis and 
leiomyomata uteri. Curr. Opin. Obstet. 
Gynecol. 6:269-78

73. Bakker GH, Setyono-Han B, Portengen 
H, de Jong FH, Foekens JA, Klijn JGM. 
1990. Treatment of breast cancer with 
different antiprogestins: preclinical and 
clinical studies. J. Steroid Biochem. 
Mol. Biol. 37:789-94

74 Romieu G, Maudelonde T, Ulmann A, 
Pujol H, Grenier J, et al. 1987. The 
antiprogestin RU 486 in advanced breast 
cancer: preliminary clinical trial. Bull. 
Cancer 74:455-61

75. Olson JJ, Beck DW, Schlechte J, Loh 
PM. 1986. Hormonal manipulation of 
meningiomas in vitro. J. Neurosurg. 65: 
99-107

76. Olson JJ, Beck DW, Schlechte JA, Loh 
PM. 1987. Effect of the antiprogesterone 
RU-38486 on meningioma implanted 
into nude mice. J. Neurosurg. 66:584- 
87

77. G run berg SM. 1994. Role of antipro- 
gestational therapy for meningiomas. 
See Ref. 161, pp. 202-7

78. Pinski J, Halmos G, Shirahige Y, Witt- 
liff JL, Schally AV. 1993. Inhibition of 
growth o f the human malignant glioma 
cell line (U87MG) by the steroid hor­
mone antagonist RU486. J. Clin. Endo­
crinol. Metab. 77:1388-92

79. Nieman LK, Chrousos GP, Kellner C, 
Spitz IM, Nisula BC, et al. 1985. Suc­
cessful treatment of Cushing's syn­
drome with the glucocorticoid anta­
gonist RU 486. J. C lin  Endocrinol. 
Metab. 61:536-40

80. Chrousos GP, Laue L, Nieman LK, 
Udelsman R, Kawai S, Loriaux DL.
1989. Clinical applications of RU 486, 
a prototype glucocorticoid and progestin 
antagonist. In Die Adrenal a m  Hyper­
tension: From Cloning to  Clinic, cd. F 
Mantero, R Takeda, BA Scoggins, EG 
Biglieri, JW Funder, 57: 273-84. New 
York: Raven

81. Phillips Cl, Green K, Gore SM, Cullen 
PM, Campbell M. 1984. Eye drops of 
RU 486-6, a peripheral steroid blocker, 
lower intraocular pressure in rabbits. 
Lancet l(8380):767-68

82. Regelson W, Loria R, Kalimi M. 1990.

Beyond ‘Abortion’: RU-486 and the 
needs of the crisis constituency. JAMA 
264:1026-27

83. Murphy BEP, Filipini D, Ghadirian AM.
1993. Possible use of glucocorticoid re­
ceptor antagonists in the treatment of 
major depression: preliminary results 
using RU 486. J. Psychiatr. Neurosci. 
18:209-13

84. Fang C-H, James HJ, Ogle C, Fischer 
JE, Hasselgren P-U. 1995. Influence of 
burn injury on protein metabolism in 
different types o f skeletal muscle and 
the role of glucocorticoids. J. Am. Coll. 
Surg. 180:33-42

85. Shoupe D, Mishell DR Jr, Page MA, 
Madkour H, Spitz IM, Lobo RA. 1987. 
Effects of the antiprogesterone RU 486 
in normal women. II. Administration in 
the late follicular phase. Am. J. Obstet. 
Gynecol. 157:1421-26

86. Liu JH, Garzo G, Morris S, Stuenkel 
C, Ulmann A, Yen SSC. 1987, Disrup­
tion of follicular maturation and delay 
of ovulation after administration of the 
antiprogesterone RU 486. J. Clin. En­
docrinol. Metab. 65:1135-40

87. Luukkainen T, Heikinheimo O, Hauk- 
kamaa M, LShtecnmald P. 1988. Inhi­
bition of folliculogenesis and ovulation 
by the antiprogesterone RU 486. Fertil. 
Steril. 49:961-63

88. Swahn ML, Johannisson E, Daniore V, 
de la Torre B, Bygdeman M. 1988. The 
effect of RU 486 administered during 
the proliferative and secretory phase of 
the cycle c 1 the bleeding pattern, hor­
monal parameters and the endometrium. 
Hum. Reprod  3:915-21

89. Croxatto HB, Salvatierra AM. 1991. 
Cyclic use of antigestagens for fertility 
control. In Female Contraception and  
Male Fertility Regulation, ed. B Run- 
nebaum, T  Rabe, L Kiesel, pp. 245-52. 
Park Ridge, NY: Parthenon

90. Batista MC, Cartledge TP, Zellmer AW, 
Nieman LK, Merriam GR, Loriaux DL. 
1992. Evidence for a critical role of 
progesterone in the regulation of the 
midcycle gonadotropin surge and ovu­
lation. J. Clin. Endocrinol. Metab. 74: 
565-70

91. Croxatto HB, Salvatierra AM, Fuen- 
tealba B, Leiva L. 1995. Follicle stimu­
lating hormone-granulosa cell axis in­
volvement in the antifolliculotropic ef­
fect of low dose mifepristone (RU486). 
Hiun. Reprod. 10:101-5

92. Puri CP, Patil RK, Elge: WAG, Vadi- 
goppula AD, Jagan MRP. 1989. Go­
nadal and pituitary responses to pro­
gesterone antagonist ZK 98.299 during 
the follicular phase o f the menstrual



78 SPITZ, CROXATTO & ROBBINS

cycle in bonnet monkeys. Contraception 
39:227-43

93. Puri CP, Van Look PFA. 1991. Newly 
developed competitive progesterone an­
tagonists for fertility control. Front. 
Honn. Res. 19:127-67

94. Stuenkel CA, Garzo VG, Morris S, Liu 
JH, Yen SSC. 1990. Effects of the an­
tiprogesterone RU 486 in the early fol­
licular phase of the menstrual cycle. 
Fertil. Steril. 53:642-46

95. Iwai T, Nanbu Y, Iwai M, Tail S, Fujii 
S, Mori T. 1990. Immunohislochemical 
localization of oestrogen receptors and 
progesterone receptors in the human 
ovary throughout the menstrual cycle. 
Virchows Arch. A 417:369-75

96. Ledger WL, Sweeting VM, Hi liter H, 
Baird DT. 1992. Inhibition of ovulation 
by low-dose mifepristone (RU 486). 
Hutn. Reprod. 7:6-11

97. Croxatto HB, Salvatierra AM, Croxatto 
HD, Fuentealba A. 1993. Effects of 
continuous treatment with low dose mife­
pristone throughout one menstrual cy­
cle. Hum. Reprod. 8:201-7

98. Batista MC, Cartledge TP, Zellmer AW, 
Merino MJ, Axiotis C, et al. 1992. De­
layed endometrial maturation induced 
by daily administration o f the antipro­
gestin RU 486: a potential new contra­
ceptive strategy. A/m. J. Obstet. Gynecol. 
167:60-65

99. Blaustein JD. 1986. Steroid receptors 
and hormone action in the brain. Ami. 
AT Acad. Sci. 474:400-14

100. Rojas FJ, O 'Connor JL, Asch RH. 1985. 
The antiprogesterone steorid RU 486 
does not impair gonadotropin-stimu­
lated luteal adenyl cyclase activity or 
gonadotropin release by pituitary cells. 
J. Steroid Biochem. 23:1053-58

101. DiMattina M, Albertson B, Seyler DE, 
Loriaux DL, Falk RJ. 1986. Effect of 
the antiprogestin RU 486 on progester­
one production by cultured human gran­
ulosa cells: inhibition of the ovarian 
3p-hydmxysteroid dehydrogenase. Com  
treception 34:199-206

102. Parinaud J, Perret B, Ribbes H, Vieitez 
G, Baulieu EE. 1990. Efftxts of RU 
486 on progesterone secretion by hu­
man preovulatoiy granulosa cells in 
culture. J. Clin. Endocrinol. Metab. 
70:1534-37

103. Brannslrbm M. 1993. Inhibitory effect 
o f mifepristone (RU 486) on ovulation 
in the isolated perfused rat ovary. Con­
traception 48:393-402

104. van Uem JFHM, Hsiu JG, Chiilik CF, 
Danforth DR, Ulmann A, et al. 1989. 
Contraceptive potential of RU 486 by 
ovulation inhibition: I. Pituitary versus

ovarian action with blockade o f estro­
gen-induced endometrial proliferation. 
Contraception 40:171-84

105. Permezel JM, Lenton EA, Roberts 
I, Cooke ID. 1989. Acute affects of 
progesterone and the antiprogestin RU 
486 on gonadotropin secretion in the 
follicular phase of the menstrual cy- * 
cle. /  Clin. Endocrinol. Metab. 68: 
960-65

106. Garzo VG, Liu J, Ulmann A, Baulieu 
E, Yen SSC. 1988. Effects of an an­
tiprogesterone (RU 486) on the hypotha- 
lamic-hypophyscal-ovarian-endometrial 
axis during the luteal phase o f the men­
strual cycle. /  Clin. Endocrinol. Metab. 
66:508-17

107. Baird DT, Thong KJ, Hall C, Cameron 
ST. 1995. Failure of oestrogen induced 
luteinizing hormone surge in women 
treated with mifepristone (RU 486) 
every day for 30 days. Hwn. Reprod. 
10:2270-76

108. Wolf JP, Danforth DR, Ulmann A, 
Baulieu EE, Hodgen GD. 1989. Con­
traceptive potential of RU 486 by ovu­
lation inhibition. II. Suppression of 
pituitary gonadotropin secretion in vitro. 
Contraception 40:185-93

109. Cho BN, Seong JY, Cho H, Kim K.
1994. Progesterone stimulates GnRH 
gene expression in the hypothalamus of 
ovariectomized, estrogen treated adult 
rats. Brain Res. 652:177-80

110. Batista MC, Cartledge TP, Zellmer AW, 
Nieman LK, Loriaux DL, Merriam GR.
1994. The antiprogestin RU486 delays 
the midcycle gonadotropin surge and 
ovulation in gonadotropin-releasing hor 
mone-indured cycles. Fertil. Steril. 62: 
28-34

111. Danforth DR, Dubois C, Ulmann A, 
Baulieu EE, Hodgen GD. 1989. Con­
traceptive potential o f RU 486 by ovu­
lation inhibition. III. Preliminary ob­
servations on once weekly oral admtni- , 
stration. Contraception 40:195-200

112. Spitz IM, Croxatto HB, Salvatierra AM, 
Heikinheimo O. 1993. Response to in­
termittent RU 486 in normal women. , 
Fertil. Steril. 59:971-75

113. Slayden OD, Brenner RM. 1994. RU 
486 action after estrogen priming in the 
endometrium and oviducts of rhesus mon­
keys (Macaco mulatto). J. Clin Endo­
crinol. Metab. 78:440-48

114. Chwalisz K, Hegele-Hartung C, Fritze- 
meier K-H, Beier HM, Eiger W. 1991. 
Inhibition of the estradiol-mediated en­
dometrial gland formation by the an­
tigestagen onapristone in rabbits: 
relationship to uterine estrogen recep­
tors. Endocrinology 129:312-22



ANTIPROGESTINS 79

115. Rumpel E, Michna H, Kuhnel W. 1993. 
Morphology of the rat uterus after long­
term treatment with progesterone an­
tagonists. Ann. Anat. 175:141-49

116. Bigsby RM, Young PCM. 1994. Estro­
genic effects o f the dntiprogestin 
onapristone (ZK98.299) in the rodent 
uterus. Am. J. Obslet. Gynecol. 171: 
188-94

117. Murphy AA, Keitel LM, Morales Al, 
Roberts V, ParmleyT, Yen SSC. 1995. 
Endometrial effects o f long-term low- 
dose administration o f RU486. Fertit. 
Sterii. 63:761-66

118. Kekkonen R, Henrik A, Haukkamaa M, 
Heikinheimo 0 , Luukkainen T, Liih- 
teenmtiki P. 1990. Interference with 
ovulation by sequential treatment with 
the amiprogesterone RU 486 and syn­
thetic progestin. Fertil S terii 53:747- 
50

119. Kekkonen R, Croxatto HB, Lahteen- 
maki P, Salvatierra AM, Tuom'men J.
1995. Effects of intermittent antipro­
gestin RU486 combined with cyclic me­
droxyprogesterone acetate on folli- 
culogenesis and ovulation. Hian. Re- 
prod. 10:287-92

120. Jshwad PC, Katkam RR, Hinduja IN, 
Chwalisz K, Eiger W, Puri CP. 1993. 
Treatment with a progesterone antago­
nist ZK 98.299 delays endometrial de­
velopment without blocking ovulation 
in Bonnet monkeys. Contraception 48: 
57-70

121. U  T-C, Dockery P, Thomas P, Rogers 
AW, Lent on EA, Cooke ID. 1988. The 
effects of progesterone receptor block­
ade in the luteal phase of normal fertile 
women. Fertil. Sterii. 50:732-42

122. Swahn ML, Bygdeman M, Cekan S, 
X ing S, Masironi B, Johannisson E.
1990. The effect o f RU 486 administered 
during the early luteal phase on bleeding 
pattern, hormonal parameters and en­
dometrium. Hum. Reprod. 5:402-8

123. Greene KE, Kettel LM, Yen SS. 1992. 
Interruption o f endometrial maturation 
without hormonal changes by an an- 
tiprogestcrone during the first half of 
luteal phase of the msnstrual cycle: a 
contraceptive potential. Fertil. Sterii 58: 
338-43

124. Navot D, Scott RT, Droesch K, Veeck 
LL, Liu H-C, Rosenwaks Z. 1991. Tire 
window of embryo transfer and the ef­
ficiency of human conception in vitro. 
Fertil Sterii 55:114-18

125. Hegclc-Hartung C, Mootz U, Bciei HM.
1992. Luteal control of endometrial re­
ceptivity and its modification by pro­
gesterone antagonists. Endocrinology 131: 
2446-30

126. Beier HM, HegeL-Hartung C, Mootz 
U, Beter-Hellwig K. 1994. Modification 
of the endometrial cell biology by pro­
gesterone antagonists to manipulate the 
implantation window. See Ref. 161

127. Ghosh D, Sengupta J. 1993. Anti-nida- 
tory effect of a single, early post-ovu­
latory adminstration of mifepristone 
(RU 486) in the rhesus monkey. Hum. 
Reprod. 8:552-58

128. Katkam RR, Gopalkrishnan K, Chwal­
isz K, Schillinger E, Puri CP. 1995. 
Onapristone (ZK 98.299): a potential 
antiprogestin for endometrial contracep­
tion. Am. J. Obstet. G ynecol In press

129. Gemzell-Danielsson K, Swahn M-L, 
Svulander P, Bygdeman M. 1993. Early 
luteal phase treatment with mifepristone 
(RU 486) for fertility regulation. Hum. 
Reprod  8:870-73

130. HandwergerS. 1993. Editorial: a critical 
role for interleukin-1 (JL-1) and the type 
1 IL-1 receptor in blastocyst implanta­
tion. Endocrinology 134:519-20

131. Giudice LC. 1994. Growth factors and 
growth modulators in human uterine 
endometrium: their potential relevance 
to reproductive medicine. Fertil Sterii. 
61:1-17

132. Lessey BA. 1994. The use of integrirs 
for the assessment of uterine receptivity. 
Fertil Sterii. 61.812-14

133. Lessey BA, Damjanovich L, Coutifaris 
C, Castelbaum A, Albeida SM, Buck 
CA. 1992. IriJegrin adhesion molecules 
in the human endometrium. J .  C l i n .  
Invest. 90:188-95

134. Stewart CL, Kaspar P, Brunet U , Bhatt 
H, Gadi L, et al. 1992. Blastocyst im­
plantation depends on maternal expres­
sion of leukaemia inhibitory factor. Mi- 
ture 359:76-79

135. Pollard JVV, Hunt JS, Wiktor-Jed- 
rzejcsak W, Stanley ER. 1991. A preg­
nancy defect in the osteopetrotic (op/op) 
mouse demonstrates the requirement for 
CSF-l in female fertility. De\'. Biol 
148:273-83

136. Simon C, Frances A, Piquctte GN, El 
Danasouri I, Zurawski G, et al. 1994. 
Embryonic implantation in mice is 
blocked by interleukin-1 receptor an­
tagonist. Endocrinology 134:521-28

137. Beier-Hellwig K, Sterzik K, Bonn B, 
Hilmes U, Bygdeman M, Gemzell- 
Danielsson K, Beier HM. 1994. Hor­
mone regulation and hormone antago­
nist effects on protein patterns o f hu­
man endometrial secretion during re­
ceptivity. An/i. NY Acad. Set. 734: 
143-56

138. MSentausta O, Svalander P, Gemzell- 
Danielsson K, Bygdeman M, Vihko R.



80 SPITZ, CROXATTO & ROBBINS

1993. The effects of an antiprogestin, 
mifepristone, and an antiestrogen, ta­
moxifen, on endometrial 17(3-hydroxy- 
steroid dehydrogenase and progestin and 
estrogen receptors during the luteal 
phase of the menstrual cycle: an immu- 
nohistochemical study. J. Clin. Endo­
crinol. Metab. 77:913-18

139. Morgan A, Keeble SC, London SN, 
M use KN, Curry TE Jr. 1994. Antipro­
gesterone (RU 486) effects on metallo- 
pnte inase inhibitor activity in human 
and rat granulosa cells. Fertil SteriL 
61:949-55

140. Koji T, Chedid M, Rubin JS, Slayden 
OD, Csaky KG, et ai. 1994. Proges­
terone-dependent expression of kerat- 
inocyte growth factor mRNA in 
stromal cells of the primate endome­
trium: keratinocyte growth factor as 
a progestomedin. J. Cell Biol. 125: 
393—401

141. Zhang Z, Funk C, Glasser SR, Mulhol- 
land J. 1994. Progesterone regulation of 
heparin-binding epidermal growth fac- 
tor-iike growth factor gene expression 
during sensitization and dccidualization 
in the rat uterus: effects o f the antipro­
gestin, ZK98.299. Endocrinology 135: 
1256-63

142. Graham RA, Li T-C, Seif MW, Aplin 
JD, Cooke ID. 1991. The effects of the 
antiprogesterone RU 486 (mifepristone) 
on an endometrial secretory glycan: an 
immunocytochemical study. Fertil. 
SteriL 55:1132-36

143. Crombie DL, Mukherjee R, McDonnell 
DP, Hayes JS, Wang M-W. 1994. Creat­
ine kinase activity as an indicator of 
unopposed estrogen action in the mouse 
uterus associated with anti-progesterone 
treatment. J. Steroid Biochem. Mol. 
Biol. 49:123-29

144. Ding YQ, Bagchi MK, Bagchi IC.
1994. Progesterone stimulates calcito­
nin gene expression in the uterus dur­
ing implantation. Endocrinology 135: 
2265-74

145. Shoupe D, Mishel! DR Jr, LilV,
P, Hetkinheimo 0 ,  Birgersor t  al.
1987. Effects o f the anttprogcsteronc 
RU 486 in normal \ omen. 1. Single- 
dose administration in the midluteal 
phase. Am. J. Obstet. Gynecol. 157: 
1415-20

146. Croxatto HB, Salvatierra AM, Romero 
C, Spitz. IM. 1987. Late luteal phase 
administration of RU 486 for three suc­
cessive cycles docs nut disrupt bleeding 
patterns of ovulation. J. Clin. Endocri­
nol. Metab. 65:1272-77

147. Ulmann A. 1987. Uses of RU 486 for

contragestion: an update. Contraception 
36:27-31 (Suppl.)

148. van Santen MR, Has pels AA, 1987. 
Interception IV: failure of mifepris­
tone (RU 486) as a monthly contra- 
gestive, lunarette. Contraception 35: 
433-38

149. Lahteenmaki P, Rape’i T, Kaariainen 
M, Alfthan H, Ylikorkala O. 1988. Late 
postcoital treatment against pregnancy 
with antiprogesterone RU 48b. Fertil. 
Steril. 50:36-38

150. Dubois C, Ulmann A, Baulieu EE. 1988. 
Contragestion with late luteal admini­
stration o f RU 486 (Mifepristone). Fer­
til. Steril. 50:593-96

151. Couzinet B, Strat NL, Silvestre L, 
Schaison G. 1990. Late luteal admini­
stration o f the antiprogesterone RU 486 
in normal women: effects on the men­
strual cycle events and fertility control 
in a long-term study. Fertil. Steril. 54: 
1039-44

152. Rimmer C, Horga M, Cerar V, Alder 
EM, Baird DT, Glasier A. 1992. Do 
women want a once-a-month p iltf Hum. 
Reprod  7:608-11

153. World Health Organization Task Force 
on Postovulatory Methods of Fertility 
Regulation. 1995. Menstrual regulation 
by mifepristone plus prostaglandin: re­
sults from a multicentre trial. Hum. Re- 
prod  10:308-14

154. Glasier A, Thong KJ, Dewar M, Mackie 
M, Baird DT. 1992. Mifepristone (RU 
486) compared with high-dose estrogen 
and progestogen for emergency postcoi­
tal contraception. A'. Engl. J. Med. 327: 
1041-44

155. Webb AMC, Russell J, Elstein M , 1992. 
Comparison of Yuzpe regimen, danazol, 
and mifepristone (RU 486) in oral post- 
coital contraception. Br. Med. J. 305: 
927-31

156. Deraedt R, Vannier B, Fournex R. 1985. 
Toxicological study on RU 486. In The 
Antiprogestin Steroid RU  486 and Hu­
man Fertility Control, ed. EE Baulieu, 
SJ Segal, pp. 123-66. New York: Ple­
num

157. Jost A. 1986. Animal reproduction. New 
data on the hormonal requirement of the 
pregnant rabbit: partial pregnancies and 
fetal anomalies resulting from treatment 
with a hormonal antagonist, given at a 
sub-abortive dosage. C. R. Acad. Sci. 
Ser. B 111:281-84

158. Wolf JP, Chillik CF, Dubois C, Ulmann 
A, Baulieu EE, Hodgen GD. 1990. Tol­
erance of perinidatory primate embryos 
to RU 486 exposure in vitro and in vivo. 
Contraception 41:85-92



ANTIPROGESTINS 81

159. Lim BH, Lees DAR, Bjomsson S, Lu- 
nan CB, Cohn MR, et al. 1990. Normal 
development after exposure to mifepris­
tone in early pregnancy. Lancet 336: 
257-58

160. Pons J-C, Imbert M-C, Elefant E, Roux 
C, Herschkom P, Papienuk E. 1991.

Development after exposure to mifepris­
tone in early pregnacy. Lancet 338:763

161. Beier HM, Spitz IM, eds. 1994. Pro- 
gesterone Antagonists in Reproductive 
Medicine and Oncology. Vol. 9. New 
York: Oxford Univ. Press





0 0 2 1-972X /88 /6603-0473$02 .00 /0
J o u rn a l o f  C lin ic a l E ndocrinology ' a n d  M etab o lism
C opyrigh t ©  1988 by  T h e  E n d o c r in e  S ocie ty

Vol. 66, N o . 3 
Printed in U.S.A.

Effects of the Antiglucocorticoid RU 486 on Adrenal 
Function in Dogs*
C H A R L E S  E . W A D E , IR V IN G  M . S P IT Z , P E K K A  L A H T E E N M A K I,
O S K A R I H E IK IN H E IM O , D O R O T H Y  T . K R IE G E R , a n d  C. W A Y N E  B A R D IN

Division o f M ilitary Traum a Research, Letterm an A rm y Institu te  of Research and D epartm ent o f Clinical 
Investigation, Letterm an A rm y  Medical Center (C.E.W J, Presidio o f San  Francisco, California 94129; Center 
for Biomedical Research, The Population Council (LM .S., C. W.B), N ew  York, N ew  York 10021; the Division 
of Endocrinology and Metabolism, M ount S ina i Medical Center (D .TK ), N ew  York, N ew  York 10029; and  
the D epartm ent of Medical Chemistry, University o f H elsinki (P.L., O.H.), Helsinki, F inland SF-00170

A B S T R A C T . W e stud ied  th e  antig lucocortico id  effects o f  R U  
486 given orally in  doses o f 5 (low), 20 (in term ediate), an d  50 
m g /k g  (high) daily fo r 10 days to  seven fem ale m ongrel dog". N o 
changes in  p lasm a A C T H  or cortiso l levels w ere produced by 
th e  5 m g /kg  dose. P la sm a  A C TH  levels increased  3-fcld w ith  
b o th  in term ed ia te  an d  high dosages. P lasm a cortisol levels rose 
4 -fold ( P  <  0.05) w ith in  2 days o f com m encing the  h igh  dose 
schedu le and  w ith in  3 days w ith  th e  in term ed ia te  dosage. P lasm a 
a ldosterone  concen tra tions  increased sign ifican tly  only w ith  the  
h ig h est dose schedule. P lasm a R U  486 levels rose progressively 
d u rin g  th e  10 days o f  R U  486 adm in is tra tio n  and  w ith  the  
h ig h est dose rem ained  elevated  for 7 days a fte r  i t  was stopped. 
P I '- .m a R U  486 levels m easured  by RIA  and  h igh  pressure liquid

chrom atography  w ere com parable. T h e  m onodem ethylated  m e­
tabo lite  o f  R U  486 changed in  para lle l to  th e  p a re n t com pound. 
D uring  th e  high dose o f R U  486, th e re  was a  4% increase in 
body weight, w ith  a  reduction  in  hem atocrit an d  p lasm a p ro te in  
concen tration . P la sm a  electro ly te levels and  osm olality  did n o t 
change. W e conclude th a t  in dogs e daily  R U  486 dose o f I  m g / 
kg dow  n o t a lte r  ad rena l function , w hereas h igher doses (20 and 
50 m g/kg) induce increases in  p lasm a A C T H  an d  cortisol con­
cen tra tions. D espite  th e  blockade o f  glucocorticoid receptors by 
R U  486, th e  presence o f iso tonic hypervolem ia suggests th a t  
th e re  was no functional deficiency o f  cortisol a t  th e  renal tubule 
o r i t  was overshadow ed by augm ented  m ineralocortico id  produc­
tion  and  ac tion . { J  Clin Endocrinol M etab  6 6 : 473,1988)

RU  486  is a  s y n th e tic  1 9 -n o r-s te ro id  w ith  s u b s t i tu ­
t io n s  a t  p o s i t io n s  C l l  a n d  C 17 [17 /3-hydroxy-ll/3 - 

(4 -d im e th y la m in o p h e n y l)1 7 a :-(p ro p - l-y n y l)e s tra -4 ,9 -  
d ien -3 -o n e] t h a t  b in d s  to  b o th  g lu co co rtico id  a n d  p ro g e s­
te ro n e  re c e p to rs  (1 -4 ) . T h e  in  v itro  b in d in g  a f f in ity  o f  
R U  486 fo r  g lu co co rtico id  re c e p to rs  is  3 t im e s  g re a te r  
th a n  t h a t  o f  d e x a m e th a so n e  (4 -7 ) . A f te r  in  v ivo  a d m in ­
is tr a t io n  o f  R U  486, th e r e  a re  ra p id  r ise s  in  p la s m a  
A C T H  a n d  c o r tiso l c o n c e n tra t io n s  in  se v e ra l species, 
su g g estin g  t h a t  th is  a g e n t  is  a  g lu co co rtico id  a n ta g o n is t  
(4, 8 -1 2 ). T h is  c o n c lu s io n  is s t r e n g th e n e d  b y  th e  o b se r ­

R eceived M arch  10, 1987.
A ddress a ll correspondence to : C harles E . W ade, P h .D ., D ivision of 

M ilitary  T ra u m a  R esearch , L e tte rm an  A rm y In s titu te  o f R esearch, 
Presidio o f  S a n  F rancisco, C alifo rn ia  94129-6800.

A ddress requests  for rep rin ts  to: T echn ica l P ub lications E d ito r 
SG R D -U L Z -T E , L e tte rm an  A rm y In s titu te  o f  R esearch, P resid io  o f 
San F rancisco , C aliforn ia 94129-6800.

* In  conduc ting  th e  research  described in  th is  rep o rt th e  investiga­
tors adhered  to  th e  “Guide fo r th e  Care and  U se of L abo ra to ry  A nim als” 
as prom ulgated  by th e  C om m ittee on R evision o f th e  G uide for L abo­
ratory A nim al F acilities  a n d  Care, In s titu te  of L aborato ry  A nim als 
Resources, N a tio n a l R esearch  Council. P resen ted  in  p a r t  a t  th e  In te r ­
national C ongress o f Endocrinology, Q uebec City, Quebec, C anada, 
Ju ly  1 -7 ,1984 . T h is  work was supported  in p a r t  by th e  F o rd  an d  M ellon 
F oundations. T h e  views expressed  in  th is  article  a re  those o f th e  au tho rs  
and do n o t re flec t the  official policy o r position  o f  th e  D epartm en t of 
the  Army, th e  D ep a rtm en t o f  D efense, o r th e  U .S . G overnm ent.

v a tio n  t h a t  in  h u m a n s  a n d  r a t s  th e  A C T H  r ise  is rev e rsed  
by  th e  a d m in is tr a t io n  o f  d e x a m e th a s o n e  in  a  dose-de- 
p e n d e n t fa sh io n  (4, 8 , 9). M o reo v e r, b y  b lo ck in g  th e  
a c tio n s  o f  c o r tiso l, R U  486 c a n  a lle v ia te  th e  c lin ica l a n d  
b io ch em ica l co n se q u e n c e s  o f  C u sh in g ’s sy n d ro m e  r e s u l t ­
in g  fro m  ex cess A C T H  se c re tio n  (13, 14). T h e re  is, 
h ow ever, n o  c o m p e titio n  fo r  m in e ra lo c o rtic o id  re c e p to rs  
in  in  v itro  sy s te m s  ( 1 ).

I n  v iew  o f  th e  an tig lu c o c o r tic o id  p ro p e r t ie s  o f R U  486, 
we s tu d ie d  w h e th e r  i t  p ro d u c e s  fu n c tio n a l a d re n a l in su f ­
f ic ien cy  b y  a s se ss in g  a d re n a l  fu n c tio n  in  conscious dogs 
t h a t  rece iv ed  R U  486 in  d o se s o f  5, 20, a n d  50 m g /k g  fo r 
10 days. D o g s w ere  se le c te d  b ecau se  th e y  c a n  be  tra in e d  
to  w ith s ta n d  re p e a te d  b lo o d  sa m p lin g  w ith o u t “s t r e s s ” 
(1 5 -2 0 ). R U  486 w as a d m in is te re d  fo r  10 days, b ecau se  
a d re n a le c to m iz e d  dogs d evelop  ob jec tive  ev idence  o f  a d ­
re n a l  in su ffic ien cy  5 -9  d a y s  a f te r  w ith d ra w a l o f  d e x a ­
m e th a s o n e  t r e a tm e n t  (21, 22). I n  a d d itio n  to  m e a su rin g  
h o rm o n e  a n d  d ru g  c o n c e n tra t io n s  in  th e  dogs, w e also  
e v a lu a te d  th e i r  f lu id  a n d  e le c tro ly te  s ta tu s  d u r in g  a n d  
a f te r  t r e a tm e n t .

M aterials and M ethods
Anim als

Seven female mongrel dogs, weighing 21-30 kg, were studied. 
T he dogs were individually housed a t  a room tem perature of 21
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C, with relative hum idity of 50% and lights on from 0600-1800
h. The anim als were fed (Purina dog chow, R alston-Purina, St. 
Louis, MO) a t  1400 h daily, given water ad libitum, and trained 
to stand quietly  in a  modified Pavlov sling (Alice K ing Chatham  
Medical A rts, Los Angeles, CA). Each dog underw ent all of the 
experim ental m anipulations, with a  m inim um  of 21 days be­
tween each drug experim ent.

R U 486 adm inistration

RU 486 w as given for 10 consecutive days in the  M o w in g  
regimens in  random  order: 5 (low dose), 20 (interm ediate dose), 
and 50 m g/kg-day  (high dose). T he drug was adm inistered 
orally in gelatin  capsules in divided doses a t 0600 and 1800 h 
each day. All anim als also were included in a  control s*udy in 
which th e  gelatin  capsules were adm inistereu twice daily for 5 
days.

Before receiving RU 486, each dog was weighed, brought into 
the laboratory, and placed in the sling, and  a  leg vein was 
cannulated (20-gauge Angiocath, Deseret, Sandy, U T). After a 
10-min equilibration period, a 20-mL venous blood sam ple was 
obtained, an d  the  volume was replaced w ith 150 m m ol/L  saline. 
The ca theter was removed, and the  dog was given RU 486 and 
returned to  its  home cage. D uring the  course of the  low and 
high dose RU  486 treatm ents, blood samples were taken in the 
morning im m ediately before adminiocration o f drug on days 1 - 
10; with th e  interm ediate dose, blood sam ples were taken  on 
days 1-5 an d  then on days 8-10. In the  control study, blood 
samples were taken for th e  firs t 5 days and on day 10. To 
determine w hen basal values were reestablished after term ina­
tion o f R U  486, blood was draw n each m orning for a fu rther 7 
days in those  dogs receiving th e  high and low doses of RU 486.

Sample collection and assays

Blood sam ples were collected in chilled tubes containing 
heparin o r ED TA , and placed on ice. Sam ples were centrifuged 
a t 5 C, an d  th e  plasma was im m ediately frozen a t - 2 0  C.

P lasm a A CTH , cortisol, and aldosterone levels were m eas­
ured in all blood samples. P lasm a protein, sodium, and potas­
sium levels, plasm a osmolality, and hem atocrit were measured 
in all sam ples from the  dogs receiving the  low and high doses, 
but only on days 1, 5, and 10 during the  interm ediate dose and 
control studies. Plasm a sodium and potassium  levels were 
determ ined using an in ternal standard  flame photom eter 
(model 433, Instrum entation  Laboratories, W ilming -on, MA), 
and osm olality by freezing point, depression (model D ili, Ad­
vance 1 Instrum ents, Needham, MA). P lasm a protein concen­
trations were measured by refractom etry (American Optical 
Corp., Buffalo, NY), and  hem atocrit by the  microcapillary 
method.

For horm one analysis, all samples from  one dog were ana­
lyzed in duplicate in the  same assay. Plasm a cortisol levels 
were m easured  by RIA (New England N uclear, Boston, MA). 
The in traassay  coefficient of variation was 8% (n =  24), and 
the lower lim it of detectability was 0.3 ftg/dL (8.3 nm ol/L). 
The cross-reactivity o f th is antiserum  for corticosterone is 15%. 
Plasm a aldosterone was determ ined by RIA using k its pur­
chased from  Diagnostic P roducts (Los Angeles, CA). T he sen­

sitivity o f the  aldosterone assay was 1 ng/dL  (27.7 pm ol/L), 
and the  in traassay  coeffi’ient of variation  was 8% (n =  17). 
ACTH was m easured by RIA in unextracted  plasma. R abbit 
anu-A C TH  serum  (IgG-ACTH-1) was obtained from IgG Corp. 
(Nashville, T N ), and  synthetic A C T H -(l-39 ) was purchased 
from Peninsula Laboratories (Burlingame, CA). Free and 
bound ACTH were separated using a  goat antibody to rabbit 
7-globulin obtained from Calbiochem-Behring Corp. (La Jolla, 
CA). The sensitivity of the A C T H  assay was 5 pg/m L  (1.1 
pm ol/L), and  the in traassay  coefficient of variation was 12% 
(n =  20).

For RIA of RU 486, standard  R U  486 and [6,7-1H ]R U  486 
(SA, 37 Ci/m m ol) were obtained from Roussel-UCLAF (Re­
m ain ville, France). T he labeled m aterial was purified before 
use by th in  layer chrom atography [Kieselgel 60 F  254 (Merck, 
D arm stadt, W est Germ, ny), dissolved in chloroform-acetone 
(9:1) and redissolved in 0.1% gelatin-phosphate-buffered saline 
(PBS), pH  7.0, containing 0.025% T rito n  X-100], Serum sam ­
ples (0.1 mL) were diluted w ith 0.4 m L 150 m m ol/L  saline 
containing 0.025% T rito n  X-100. T h e  diluted serum was ex­
tracted  once w ith  5 mL diethyl ether. T he e th er extract was 
dried and redissolved in 0.1% gelatin-PB S buffer containing 
20<~ m ethanol. T he RIA was perform ed according to the 
m : d of Salm on and M ouren (23). T he standard  curve ranged
f i . 10-1000 pg RU  486/tube, prepared in the  serum  gelatin- 
PB 3-m ethanol solution. P lasm a contain ing  10, 200, and 2000 
ng/m L  R U  486 was included in each assay. T he interassay 
coefficient of variation varied from  20.7-25.9%.

Plasm a R U  486 concentrations and  those o f its monodeme- 
thylated m etabolite also were m easured by high pressure liquid 
chrom atography (H PLC), as follows. P lasm a samples (0.3 mL) 
were added to Chromosorb W -NAW  60/80 M esh 20% ethylene 
glycol chrom atography colum ns (3 mL in 5-mL disposable 
pipettes), left for 30 min, and th en  eluted with 5 m L n-hexan 
ethyl acetate (95:5). T he eluates were evaporated to dryness, 
dissolved in  m ethanol, and vortex mixed. F ifty-m icroliter sam ­
ples were injected into the  H PL C  system  (W ater Associates, 
Inc., Milford, MA) using a  H ibar LiC hrosorb B P-18 column. 
T he eluent was m ethanol-w ater (9:1), w ith a flow rate of 1 m L / 
min. T he retention  tim es were 4 m in, 20 s for RU  486 and 3 
min, 10 s for the  m onodem ethylated m etabolite. T he UV ab­
sorption was m easured a t  304 nm . T h e  sensitivity  of the H PLC 
assay was 10 ng RU 486, the  precision ranged from 3.4-12.1%, 
and the recovery of RU  486 w ith the  colum n chrom atography- 
H PLC  system  ranged from 7'< -87% . Sam ples were no t corrected 
for recovery.

Statistical anaZyvs

A two-way analysis of variance for repeated measures was 
used to determ ine significant differences over tim e and between 
doses. Differences between m eans were assessed by a Newman- 
Keuls te s t a fter analysis of variance. W hen appropriate. S tu ­
den t s t  te s t was used to assess differences between paired data. 
P  <  0.05 was considered significant. T he results are given as 
the mean ± s e .

Results
Response to multiple doses of R U  486 

Mean plasma ACTH levels did not change during the 
control study or during the administration of 5 mg/kg
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RU 486 (Fig- 1, top panel). With the intermediate and 
high doses, plasma ACTH levels rose and were signifi­
cantly greater (P  <  0.05) than the basal value by day 8. 
Because of the large variances, there were no differences 
in ACTH levels between the 20 and 50 mg/kg doses, and 
on the 10th day, mean ACTH values were 34 ±  9 and 67 
— 30 pg/m L (7.5 ±  2.0 and 14.7 ±  6.6 pmol/L), respec­
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F ig. 1. P la s m a  A C T H  (top  panel), cortisol (second panel), and  a ldos­
terone ( th ird  and  fo u rth  panels)  levels in response to 10 days of 
tre a tm e n t w ith  R U  486. T h e  doses o f  R U  486 adm in is te red  w ere 50 
(* —« ) ,  20  (O —O ), an d  5 (B —H ) m g/kg-day . T h e  con tro l s tudy  is also 
shown (O—O ). V alues a re  th e  m ean  ±  sem. (C onversion to  S I un its: 
A C TH , p g /m L  X 0.2202 =  p m o l/L ; cortisol, p g /d L  X 27.59 =  nm o l/L ; 
aldosterone, n g /d L  X 27.74 =  pm ol/L .)

tively. After the highest RU 486 dose was stopped, ACTH 
values remained significantly greater than those on day 
1 for a further 3 days. Sampling was not continued ai 'r 
the intermediate dose.

Individual basal plasma cortisol levels on day 1 ranged 
from 0.7-3.2 pg/dL (19.3-88.3 nmol/L), and mean 
plasma cortisol levels did not change during the control 
study or during the low dose of RU 486 (Fig. 1, second 
panel). Plasma cortisol increased after 3 days of admin­
istration of 20 mg/kg-day (P  <  0.05); during the highest 
dose the plasma cortisol level increased after 2 days. 
There was no significant difference between the cortisol 
levels during the RU 486 doses of 20 and 50 mg/kg [8.8 
±  2.4 and 9.8 ±  3.1 pg/dL (242.8 ±  66.2 and 270.4 ±  85.5 
nmol/L), respectively] on day 10. Cortisol values re­
mained significantly greater than basal values for 2 days 
after the high dose of RU 486 was stopped.

Individual basal plasma aldosterone values on day 1 in 
the untreated dogs varied from 3-43 ng/dL (83-1193 
pmol/L). There were, however, no significant differences 
between the study groups on day 1 (Fig. 1, third and 
fourth panels). The mean plasma aldosterone levels fell 
slightly but not significantly from the first to the second 
day in all four experimental groups. During the entire 
control study and throughout the 5 or 20 mg/kg RU 486 
studies, plasma aldosterone levels did not change signif­
icantly. By day 8 during the highest dose of RU 486 (50 
mg/kg), the mean aldosterone level was significantly 
increased compared to that on day 1, and it rose to a 
peak of 22 ng/dL (610 pmol/L) on day 11 (Fig. 1, bottom 
panel). Aldosterone remained significantly elevated for 2 
days after discontinuation of the high dose of RU 486, 
but thereafter aldosterone levels were not significantly 
different from basal values.

Plasma R U  486 levels

During low dose RU 486 administration, the mean 
plasma RU 486 level, as measured by RIA, attained a 
peak of 0.21 ±  0.06 mg/L by day 4 (Fig. 2), and RU 486 
remained detectable (0.004 ±  0.001 mg/L) for 7 days 
after it was discontinued. The half-disappearance time 
of RU 486, thus, was on the order of 24 h. During the 50 
mg/kg dose, the progressive rise in RU 486 levels indi­
cated accumulation in the dogs. The RU 486 level (9.96 
±  1.69 mg/L) was higher on day 10 (Fig. 2). Thereafter, 
plasma RU 486 levels decreased, with a half-disappear­
ance time exceeding 4 days. RU 486 levels were still quite 
high (4.48 ±  2.38 mg/L) 6 days after discontinuation of 
RU 486. Plasma RU 486 levels, measured by HPLC 
during administration of 50 mg/kg-day, were similar to 
those measured by RIA (Fig. 2). In addition, the pattern 
of monodemethylated RU 486 levels was similar. The
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half-disappearance time of RU 486 (measured by HPLC 
or RIA) and that of the metabolite were similar.

Metabolic changes

Body weight. Because the seven dogs differed in body 
weight (range, 21-30 kg; mean, 26.8 ±  2.7 kg), the results 
are expressed as change in body weight. Mean body 
weight did not change significantly during the control 
study or during low dose RU 486 administration (Fig. 3). 
During administration of the two higher RU 486 doses, 
mean body weight significantly increased. There were no 
differences between these doses in terms of the weight 
gained by the fifth and tenth days (only these points 
were available with the intermediate dose). On day 10, 
body weight was increased by 0.9 ±  0.1 and 0.8 ±  0.3 kg 
with the intermediate and high doses, respectively (Fig. 
3). The increase in body weight during the highest dose 
of RU 486 was significant (P  <  0.05) by day 4, and it 
remained elevated for 3 days after RU 486 was stopped. 
With the highest dose, one dog had a progressive increase 
in body weight for 6 days, after which the dog developed 
diarrhea and periodic vomiting that resulted in a weight 
loss of over 6 kg in the next 9 days. This dog recovered 
several days after treatment when RU 486 was stopped.
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trations. Mean plasma protein concentration decreased 
only during the intermediate and high doses of RU 486. 
The reduction in plasma protein with the intermediate 
dose was significant on day 10 (Fig. 3), whereas with the 
high dose the reduction was significant by day 3. The 
magnitude of the decrease at these times was similar. 
After RU 486 was stopped, plasma protein values tended 
to rise, but were still significantly decreased compared to 
basal levels 7 days later.

The increases in body weight of dogs receiving the 20 
and 50 mg/kg RU 486 doses were accompanied by reduc­
tions in hematocrit (Fig. 3); there was, however, no 
significant hematocrit change during the control study 
or during low dose RU 486 administration. In dogs that 
received the intermediate RU 486 dose, hematocrit was 
reduced by day 10 (Fig. 3). The decreases in hematocrit 
were significant by day 6 in dogs that received the highest 
RU 486 dose, and hematocrit remained reduced until day 
16, i.e. 6 days after cessation of treatment. The magni­
tude of the reduction in hematocrit was similar in the 
two groups.

Plasma sodium and potassium levels and osmolality 
were not different among the various treatment groups 
(Fig. 3). Further, no changes in plasma t.odium and 
potassium levels or in osmolality occurred during the 
lowest or highest dose during daily measurements.

Discussion

RU 486 increases plasma ACTH and cortisol levels in 
humans and several animal species (8-11, 13). In hu­
mans, oral administration of a single 4.5 m g/kg  dose 
raised plasma cortisol levels, and 6 mg/kg produced no 
further cortisol increase, but sustained the rise for a 
longer period (8). Further, 6 mg/kg RU 486 abolished 
the inhibition of cortisol secretion produced by admin­
istration of 1 mg dexamethasone (8). In rats, an oral dose 
of 10 mg/kg raised plasma ACTH and corticosterone 
levels and overcame dexamethasone-induced suppression 
of ACTH (4). A single im injection of 1-10 mg/kg RU 
486 in monkeys produced a rapid, but transient, dose- 
dependent rise in plasma ACTH and cortisol values (10, 
11). It is thus evident that there are quantitative differ­
ences in the cortisol response to RU 486 in dogs com­
pared to those in other species. A single oral or sc dose 
of RU 486 (10 mg/kg-day) did not influence cortisol 
levels in dogs (24), and in this study, 5 mg/kg-day for 10 
days given orally did not result in any change in plasma 
ACTH or cortisol levels. However, with the intermediate 
(20 mg/kg) and high (50 mg/kg) doses of RU 486, ACTH 
and cortisol levels increased. Thus, a 2-fold higher or 
greater dose of RU 486 was required to produce an 
increase in cortisol in dogs compared to that required in 
humans, monkeys, or rats.

With the intermediate and high RU 486 doses, plasma 
cortisol levels increased from control values of 0.7-3.2 
/ig/mL (19.3-88.3 nmol/L) to maximum levels of 8-10  
Aig/dL (221-226 nmol/L). These values are similar to 
those in dogs after exogenous ACTH or insulin-induced 
hypoglycemia (15, 16, 19). Doses of exogenous ACTH 
producing plasma levels exceeding those attained in this 
study do not produce further increases in cortisol levels, 
although they do sustain the rise for a longer period of 
time (25). Thus, the intermediate ACTH response to the 
dose of RU 486 produced a maximal increase in cortisol 
levels.

Although plasma cortisol levels increased 2 days after 
the start of RU 486 administration, plasma ACTH con­
centrations did not rise significantly until day 8. The 
unexpected delay in the increase in ACTH concentration 
during RU 486 administration may have been due to 
several factors. 1) The ACTH RIA may not have been 
capable of detecting small increases in ACTH sufficient 
to stimulate cortisol secretion (17, 18). 2) Since ACTH 
is released episodically, the single-sampling technique 
used may have missed transient ACTH increases (19).

The quantitative differences n ACTH and, thus, cor­
tisol responses to RU 486 in dogs compared to those in 
other animals may be explained by species differences in 
the affinity of the glucocorticoid receptors for RU 486. 
However, such differences also could be related to vari­
ability in the bioavailability of RU 486 in the dog. Plasma 
immunoreactive RU 486 levels after 10 days of adminis­
tration of 5 ng/kg-day RU 486 ranged from 0.08-0.20 
mg/L, and after 50 mg/kg-day the corresponding levels 
were 2.7-5.0 mg/L. With the same Rjt'A; plasma RU 486 
levels in women after a single oral dose of 4 mg/kg ranged 
from 2-3 mg/L (24). These results indicate that gastroin­
testinal absorption of the compound may be less efficient 
in dogs compared to humans.

The differences in both circulating RU 486 levels and 
half-disappearance times with the low and high RU 486 
doses reflect differences in the metabolism of the com­
pound. After discontir.- ,-ui.ion of the low dose of RU 486, 
the half-disappearanci lime was approximately 24 h, 
whereas after d i s c o n t i n u ' of the high dose of RU 486 
it was at least 4 day; 'f1?.. is  data suggest that the 
capacity of the enzyme iha. degrades RU 486 is small, 
and the high dose of R I 486 saturates the system so that 
accumulation of the drug occurs, as indicated by the 
progressive rise in plasma RU 486 levels. In rats there is 
a high rate of diffusion of ratin'lKbeled RU 486 into the 
extravascular space (26). This i/mpartment may contain 
a large amount of RU 486 after chronic administration 
of the high doses in the dogs. Hence, rvels of circulating 
RU 486 may remain high for a long (-'’riod of time. 
Further, the long disappearance time could b - related to 
binding to a plasma protein(s). Preliminary shniies in­
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dicate that in man this component might be an a- 
globulin (3).

The antibody used in the RU 486 RIA was not specific 
for the parent compound; therefore, metabolic break­
down products, including the mono- and didemethylated 
derivatives, are also measured (23). The latter, in partic­
ular, has significantly reduced biological activity (23). 
However, the high levels in these dogs did represent 
parent compound, since specific RU 486 levels measured 
by HPLC were comparable to those measured by RIA, 
and the half-disap >earance times were similar. Of inter­
est is the fact that the circulating levels and kinetics of 
the monodemethylated metabolite were similar to those 
of the parent compound. This similarity indicates that a 
step other than monodemethylation limits the rate of 
metabolism of RU 486 in the dog. The persistence of 
detectable RU 486 after its administration was stopped 
indicates that biologically active material remained in 
the circulation. That plasma ACTH, cortisol, and protein 
concentrations, hematocrit, and body weight did not 
return to basal levels after stopping RU 486 administra­
tion is also evidence of persistence of the biological 
activity of the drug and the hormonal response to it.

During administration of the high dose of RU 486, 
plasma aldosterone levels increased. Known stimuli for 
aldosterone secretion include the renin-angiotensin sys­
tem, hyperkalemia, hyponatremia, ACTH, and possibly 
/3-endorphin. The major stimulus for the renin-angioten­
sin system is a reduction in circulatory volume. In our 
dogs, the rise in body weight coupled with the reduction 
in plasma protein and hematocrit suggested an expanded 
plasma volume. Neither hyperkalemia nor hyponatremia 
occurred, suggesting that there was isotonic expansion 
of extracellular fluid volume. This isotonic expansion 
probably resulted from sodium (and water) retention due 
to the elevation of plasma mineralocorticoid levels. The 
increase in ACTH levels after RU 486 administration 
could account for the rise in aldosterone concentrations. 
0-Endorphin levels parallel those of ACTH during RU  
486 administration (8,10); thus, an increase in /3-endor- 
phin levels may have contributed to the increase in 
aldosterone levels during RU 486 administration (20, 27, 
28). In  vitro studies have shown that RU 486 does not 
compete with aldosterone for mineralocorticoid receptors 
(1, 5), so that any increase in aldosterone would have its 
expected renal action. While cortisol binds to mineralo­
corticoid receptors, it does so with considerably less 
affinity than does aldosterone (29, 30), and its action is 
as an agonist as well. Had the volume expansion been 
solely due to glucocorticoid deficiency, the hypervolemia 
should have been accompanied by hyponatremia.

In conclusion, dogs given an oral dose of 5 mg/kg RU 
486 for 10 days had no changes in plasma ACTH or 
cortisol levels; ACTH and cortisol concentrations in­

creased when RU 486 was given in oral doses of 20 or 50 
mg/kg-day for 10 days. Several days after RU 486 was 
stopped, ACTH and cortisol levels were still elevated due 
to the prolonged retention of RU 486. Plasma aldoster­
one levels only increased during the high dose of RU 486. 
The increases in body weight and reductions in hema­
tocrit and plasma protein levels during RU 486 admin­
istration were not associated with changes in plasma 
sodium and potassium levels or osmolality. These find­
ings are compatible with the presence of isosmotic fluid 
retention and hypervolemia.
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t r a n s ie n t  n o n -s u s ta in e d  in c rea ses  in  ACTH  a n d  co rtiso l. S e ru m  c o n c e n tra t io n s  o f  RU 4 8  6 a n d  its m o n o - 
d e m e th y la te d  a n d  d i-d e m e th y la te d  (b u t n o t  its  h y d ro x y la ted ) m e ta lio iu . a w e re  s ig n ifican tly  h ig h e r  in 
th e  re sp o n d e r  dogs. T h e  ra tio s  o f  th e  h y d ro x y la ted  m e tab i., te  to  XU 4 8 6  a n d  its  d em e th y la te d  
d e r iv a tiv es  w ere  h ig h e r  in  th e  n o n -re sp o n d e rs , w h e re a s  th e  r a t ', ,  ■s’ th e  d i-d e m e th y la te d  to  m o n o - 
d e m e tb y la te d  c o m p o u n d  w a s  h ig h e r  in  th e  vt-sponders. S in ce  v a r ia tio n s  in  th e  h y d ro x y la tio n  a n d  
re d u c tiv e  ca tabo lism  o f  s te ro id s  h a v e  b ee n  w ell d o c u m e n te d  in  d iffe ren t s tra in s  o f  a  species, it  is possib le 
t h a t  th e  d ifferences in  levels o f Rr  4 8 6  a n d  its  m e tab o lite s  in  th e  tw o  g ro u p s  a re  a c c o u n te d  fo r by  
v a r ia tio n s  in  RU 4 8 6  m e t a b o l i c  In  th e  re sp o n d e r  g ro u p  th e  m e tab o lism  o f  RU 4 8 6  is d irec ted  to 
d e m e th y la tio n , a n d  in  th e  n o n - iv s p a n d e r  g ro u p  to  h y d ro x y la tio n . T h u s , d ifferences in  p h a rm a c o k in e ­
tics  o f  RU 4 8 6  m  th e  tw o  g ro u p s  o f  dogs  m a y  ex p la in  th e  v a r ia b le  b io log ica l re sp o n se  to  th is
i. .tig luco co rtico id .

IM  Spitz, Center fo r  B iom ed ifil R w u r c k ,  The Population Council, 12 30  York Avenue, New York, NY 1 0 0 2 1 , 
USA

ACTH a n d  cortiso l (9 , 10). Ind iv idua l variab ility  in 
response to RU 4 8  6 w as no ted  (10). In th e  c u rre n t study 
w e  h av e  determ ined  how  th e  m etabo lism  of RU 4 8 6  
re la tes to its an tig lucocortico id  ac tion . T he sam e dogs 
used  in  o u r  previous stud ies w ere  rechallenged  w ith  50 
m g-kg™ 1 -d™1 of RU 4 8 6  for 10 days. In  addition , the  
p revious d a ta  w ere reanalyzed . W e h av e  also assessed 
th e  response of these dogs to  o th e r  stim u li of th e  ACTH- 
cortisol axis (insu lin -induced  hypoglycem ia, m ety ra­
p one ad m in istra tio n  an d  ACTH infusion). O ur results 
h av e  sh o w n  th a t  all seven dogs respond  appropria te ly  to 
th e  la tte r  th ree  stim uli: how ever, th ree  dogs (responders) 
dem o n stra ted  p ro n o u n ced  increases in  ACTH a n d  corti­
sol follow ing RU 4 8 6  ad m in istra tio n , an d  four dogs 
(non-responders) consisten tly  failed to sh o w  appropria te  
ACTH an d  cortisol in c rem en ts  follow ing RU 4 8 6 . It is 
m ost likely th a t  differences in  th e  c ircu la tin g  levels ofRU 
4 8 6 , as well as its m ono- a n d  d i-dem ethy la ted  deriva­
tives, acco u n t for these v ary in g  biological responses.

Materials and methods 
Animals and test procedures

T he sam e seven fem ale m ongrel dogs previously  des­

RU 4 8 6 , 1 l-[4 -(d ivnethy lam ino)pheny l]-l7 -hydroxy- 
1 7 -(l-p ro p y n y l)-(ll/? ,1 7 /!)-e s tra -4 , 9-dien-3-o- or 
m ifepristone is a n  an tig lucocortico id  an d  an tip r.jgestin  
synthesized by Roussel Uclaf, Paris, F rance ( I ) .  RU 4 8 6  
has been  w idely  used for te rm in a tin g  early  h u m a n  
p regnancy . V arious dose schedules hav e  been  Utilized 
w ith sim ilar success ra te s  (2 -4 ) . Unlike th e  an tip roges­
terone effects, th e  an tig lucocortico id  responses a re  dose- 
d ependen t a n d  a re  only seen  after h igh  doses in  m a n  (5 -  
7), in  th e  m o n k ey  (8), a n d  in  the  dog (9, 10).

O wing to  sa tu ra tio n  o f th e  se rum  b ind ing  capacity , 
the  circu la tin g  co n cen tra tio n s  o f RU 4 8 6  in  h u m a n s  are  
similar fo llow ing ad m in is tra tio n  of single doses rang ing  
from 2 0 0  to  8 0 0  m g (5, 11). H ow ever, RU 4 8 6  is 
extensively m etabolized in  h u m a n s  an d  in  o th e r  species, 
leading to  h ig h  co n cen tra tio n s of d em ethy la ted  and  
hydroxylated  m etabolites (1 1 -1 4 ) . In ra ts , th e  m ono- 
dem ethy lated , d i-dem ethy la ted , an d  h y droxy la ted  deri­
vatives re ta in  an tig lucocortico id  activ ity  (14). R eceptor 
b inding a ssay s  h a v e  ind ica ted  th a t  in  ad d itio n  to RU 
4 8 6 , th e  m etabo lites m ig h t also h av e  s tro n g  an tig lu co ­
corticoid effects in  m an  (13).

We h av e  previously  sh o w n  th a t  m ongrel dogs w h en  
challenged w ith  RU 4 8 6  in  a  dose o f 2 0  o r  50 
m g 'k g - 1 , d -1  for 10  days respond  w ith  elevation  in
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cribed  w ere used  in  th e  cu rre n t s tu d y  (9). T he in teg rity  
o f  th e  hypo tha lam ic-p itu ita ry -ad ren a l axis w as assessed 
by  in su lin -induced  hypoglycem ia, ACTH infusion , an d  
m e ty rap o n e  adm in istra tio n , fn su lin  (0-5 lU -k g ” 1) w as 
g iv en  in trav en o u sly  an d  blood sam ples w ere ta k e n  a t  5, 
1 0 , 15, 20 , 30, 4 0 , 50 , 60, 8 0 , 10 0 , an d  1 2 0  m in  after 
in su lin  adm in istra tion . On a n o th e r  occasion, exogenous 
ACTH w as infused  in a  dose o f 2 0  lU /m in  for 5 m in. 
B lood sam ples w ere  tak en  a t  5 ,1 0 ,1 5 ,  an d  2 0  m in  after 
co m m en cem en t o f th e  infusion. All dogs also  received 
5 0 0  m g m ety rapone orally  every  4  h  for six consecu tive 
doses. Blood sam ples w ere ta k e n  4  h  follow ing th e  last 
dose  of m ety rapone. All dogs w ere  also challenged  w ith  
RU 4 8 6  given in  a  dose o f 50 m g -k g  ' for 10 
consecutive days. T he d rug  w as adm in istered  o ra lly  in 
g e la tin  capsules in  divided doses tw ice  daily a t  0 6 .0 0  and  
1 8 .0 0 . Blood sam ples w ere tak en  a t  0 5 .3 0  for th re e  days 
p rio r  to  com m encem en t of RU 4 8 6  th e rap y  (p re trea t­
m e n t  phase), daily  d u rin g  RU 4 8 6  ad m in istra tio n  
( tre a tm e n t phase) an d  th ereafte r o n  days 1 1 ,1 2 ,1 3 ,1 4 ,  
1 8 , 2 2 , 24 , 2 9 , 33 , an d  39 afte r cessation  o f RU 4 8 6  
(p o st- trea tm en t o r  recovery phase). A n  in te rv a l o f  6 -8  
w eeks separa ted  all test p rocedures.

Sample collection and assays

B lood sam ples w ere  collected in  chilled tubes c o n ta in in g  
h e p a r in  o r EDTA an d  placed o n  ice. Sam ples w ere 
cen trifuged  a t  4 C'C an d  th e  p lasm a w as im m ediately  
frozen  a t  — 20°C. P lasm a cortisol w as determ ined  by ou r 
p rev iously  described m ethod  (9). P lasm a ACTH w as 
m easu red  by RIA (Nichols In s titu te , S an  Ju a n  Capis­
tr a n o , CA). RU 4 8 6  as well as its  m ono-, d i-dem ethy- 
la ted , and  hydroxy la ted  derivatives w ere m easu red  by 
HPLC followed C hrom osorb  co lu m n  c h ro m a to g rap h y  as 
prev iously  described (1 1 -1 3 ) . In  brief, P as te u r  pipettes 
w ere  filled w ith  C hrom osorb  W -N A W  6 0 -8 0  m e sh /2 0 %  
e th y len e  glycol (w /w ). S erum  sam ples of 0 .2 - 0 .4  ml 
w e re  applied to  th e  co lum n  an d  left for 30 m in . RU 4 8 6  
w a s  separa ted  in  th e  first e lu a te  o f 5 m l n -h e x a n e :e th y l-  
a c e ta te  [9 5 :5 ], A  second e lu a te  o f 5 m l n -h e x a n e : e thyl- 
a c e ta te  [4 0 :6 0 ]  w as used for th e  e lu tion  o f th e  m ono-, 
d i-dem ethy la ted , a n d  hydroxy la ted  m etabo lites of 
RU 4 8 6 . For th e  assay  o f RU 4 8 6 , th e  first e lu a te  
w a s  evaporated  u n til dry, a n d  th en  dissolved in to  
th e  H PLC -eluant o f m eth an o l-w a te r- tr ie th an o lam in e  
[ 9 0 :1 0 :0 .0 5 ] ,  F or th e  assay  of th e  m etabo lites, th e  
e lu a n t  of m ethano l-w ate r-ace to n itrile  [ 4 0 :2 5 :3 5 ]  w as 
used . A  LiChrosorb ( 2 5 0 x 4 )  R P -1 8 -co lu m n  (M erck) 
w a s  used  for bo th  RU 4 8 6  a n d  th e  m etabolites. The 
d e tec tio n  w as carried  o u t a t  th e  w aveleng th  o f 3 0 4  n m  
a n d  th e  e luate  w as pum ped  a t  th e  ra te  of 1 m l/m in . The 
re su lts  of the  assays w ere correc ted  accord ing  to  th e  
reco v ery  of th e  se ru m  pools c o n ta in in g  k n o w n  a m o u n ts  
o f th e  syn the tic  RU 4 8 6  an d  th e  m etabolites. P lasm a 
g lu co se  w as m easu red  w ith  a  g lucom eter (A m es, Elk­
h a r t ,  IN). P lasm a p ro te in  co n cen tra tio n s w ere m easu red  
by  refrac tom etry  (A m erican  O ptical Corp., Buffalo, NY).

Statistical analysis

A tw o -w ay  analysis o f v a rian ce  for repeated  m easu res 
w as used  to d e term ine  sign ifican t differences over tim e 
an d  b etw een  groups. Differences betw een  m ean s w ere 
assessed by a  N ew m an  Keuls test a fter analysis of 
varian ce . W h en  ap p ropria te , a  log tran sfo rm atio n  w as 
used  to norm alize th e  d a ta . S tu d en t’s t- te st w as used  to 
assess differences be tw een  paired  d a ta . P < 0 .0 5  w as 
considered  significant. T he resu lts a re  g iven as th e  
m eanrtSEM .

Results
Plasma ACTH and cortisol response to RU  48 6

W h en  challenged  w ith  RU 4 8 6  (5 0  m g 'k g _ 1 -d _1), 
th ree  dogs (responders) d em o n stra ted  increases in  
p lasm a ACTH w hich  reach ed  a  peak  of 4 0 0  ± 1 0 0  ng/1 
(m ean±SEM ) o n  th e  las t d ay  of RU 4 8 6  adm in istra tio n  
(Fig. 1). This rep resen ted  a n  eightfold rise. By day  2 2 , i.e. 
12 days after th e  las t dose o f RU 4 8 6 , ACTH values had  
re tu rn e d  to baseline. T hese sam e dogs also h a d  a 
threefold rise in p lasm a cortiso l w hich  reach ed  a  p eak  of 
3 1 3 .9 ± 5 8 .3  nmol/1 tw o  days follow ing th e  en d  of RU 
4 8 6  adm in istra tio n . B asal levels w ere  a tta in ed  by day 
18. T he o th e r four dogs (non-responders) h ad  a  tra n s ie n t 
non-sv.stained b u t nevertheless sign ifican t tw ofold in-
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Fig. 1. M ean ± s e m  ACTH and cortisol responses to RU 486  (50 
m g 'k g  '- d  ' x  10 days) in  the responder and non-responder groups. 
In this and subsequent Figures. RU 4 8 6  adm inistration is show n by the 
black bar (□— □ responder: a — a  non-responder).
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Fig. 2. Mean±SEM values of RU 4 8 6  and the di-demcthyiated derivative (left panel), and the mono-dcmcthylated and  hydroxylated derivatives 
(right panel) in  the responder and non-responder anim als (see legend to Fig. 1).

crease in ACTH and cortisol which reached a maximum 
on the fourth or fifth day after commencement of RU 
486. Thereafter, despite further drug administration, 
ACTH and cortisol levels decreased, returning to base­
line values (Fig. 1). The previously published data (9,10) 
following 10-day administration of 20 and 50 
mg-kg-1 -d-1 of RU 486 were reanalyzed and the same 
three responder dogs showed ACTH and cortisol re­
sponses of similar magnitude, whereas the four non­
responders failed to show appropriate ACTH and cortisol 
increments.

RU 4 8 6  levels

When considering both the RU 486 treatment and post­
treatment phases together, ANOVA showed signifi­
cantly higher levels of the mono-demethylated 
(p<0.003) and the di-demethylated (p-cO.OOl) deriva­
tives in the responder as compared to the non-responder 
animals (Fig. 2). For the di-demethylated derivative, 
these differences were significant during both the treat­
ment (p < 0.001) and the recovery phases (p<0.01); 
with the mono-demethylated derivative, this was only 
evident in the treatment (p<0.02) but not recovery 
phase. Although the levels ofF-U486 also appeared to be 
highei in the responders as compared to the non­
responders (Fig. 2) this was only significant (p< 0.001) 
when a logarithmic transfer was performed to normalize 
the distribution.

Although levels of the hydroxylated derivative were 
not different in the two groups, during RU 486 treatment 
the ratios of hydroxylated derivative to RU 486, the

mono-demethylated compound, and the di-demethy­
lated compound were significantly higher (p <  0.002) in 
the non-responders than in the responds (Fig. 3). 
There were no significant differences in tL -  ratio of the 
mono-demethylated or di-demethylated derivative to RU 
486; however, the ratio of the di-demethylated to mono- 
demethylated compound was higher (p< 0.001) in the 
responder than the non-responder animals (Fig. 4).

Body weight and serum protein changes following 
R U 4 8 6

Mean body weight at the commencement of this study 
was 33 .7±  1.4 kg in the non-responders and 30.9 ±1.1  
kg in the responders (p<0.05). In neither group was 
there a significant change in body weight over the 
duration of the study (Fig. 5b). During RU 486 adminis­
tration, serum protein decreased in both groups, but the 
decrease was significantly greater (p<0,05) in the 
responder as compared to the non-responder animals 
(Fig. 5a).

Correlations following R U  4 8 6  administration

As shown in Table 1, when all seven dogs were 
considered together, ACTH correlated significantly with 
cortisol, levels of RU 486, as well as the mono- 
demethylated and di-demethylated derivatives. Cortisol 
correlated with these same parameters. Serum protein 
was negatively correlated with ACTH, cortisol, RU 486, 
and its mono- and di-demethylated derivatives.
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Fig. 3. Ratio of hydroxylated derivative to  RU 4 8 6  (upper panel), 
mono-demethylatcd derivative (middle panel) and  the di-demethylated 
derivative (lower panel) in  the two groups of responder and  non- 
respon'Jer animals (see legend to Fig. 1).
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Fig. 5. MeandiSEM changes in scrum  proteins (upper panel) and  body 
w eight (lower panel) in  the tw o groups (see legend to Fig. 1).

Tests to assess the integrity o f the hypothalamic- 
pituitary-adrenal axis

Follow ing in su lin  ad m in istra tio n , hypoglycem ia o f the  
sa m e degree (1 .3 9  m m oi/I) w as observed in  bo th  
responders an d  n on-responders. Both g roups h a d  sim ilar 
increases in  ACTH an d  cortiso l (Fig. 6). Follow ing 
exogenous ACTH ad m in istra tio n , cortisol ro se  to 
2 3 3 .3 3 = 8 .3  nm ol/1 in  th e  responders an d  2 9 4 .4 3 = 3 0 .6  
nm ol/1 in  th e  n on-responders. T here  w as no  sta tistical 
difference b etw een  these  tw o  responses.

T w enty-four h o u rs  follow ing m ety rap o n e  ad m in istra ­
tion , ACTH levels increased  from  603=30 ng /I in  th e  
b asa l stu d y  to 1183 = 4 0  n g /I  ( p =  < 0 .0 5 ) .  Cortisol levels 
d u rin g  th is  tim e decreased  from  6 3 .93= 38 .9  nm ol/1 in 
th e  b asa l s ta te  to  2 7 .8 3 = 2 .8  nm ol/1 (p < 0 .0 5 ) . T here 
w as n o  difference b e tw een  g roups in  e ither ACTH or 
cortiso l levels follow ing m ety rap o n e  trea tm en t.

go

63 9 12 15
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Fig. 4 . Ratio of the di-dcmethylated to mono-demethylatcd compound 
in the  tw o groups (sec legend to Fig. 1).

Discussion
RU 4 8 6  is a n  an tig lucocortico id  stero id  w hich  increases 
th e  secre tion  o f ACTH a n d  o th e r  p roopiom elanocortin - 
derived peptides as well as cortiso l in  a  dose-dependent 
m a n n e r  in  m a n  (5 -7 ) , m onkey  (8), an d  dog (10). In  
m an , RU 4 8 6  in  a  dose of 4  m g - k g ^ - d " 1 increased  
ACTH a n d  cortiso l secre tion  significantly  (7). O n th e  
o th e r  h a n d , in  dogs, a  dose of 5 m g - k g '1 • d “ 1 w as 
ineffective, an d  2 0  m g -k g _ 1 -d ~ 1 w as requ ired  for 
ac tiv a tio n  o f th e  p itu ita ry -ad ren a l-ax is  (9). In  add ition  
to its an tig lucocortico id  activ ity , RU 4 8 6  also  h as 
g lucocorticoid  agon istic  properties (15). H ow ever, RU
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Table 1. Correlation coefficients (R values).

Variable response to RU  4 8 6  4 6 3

ACTH Cortisol Protein RU 4 8 6  Di-demethyl Mono-demethyl

Cortisol 0 .69
Protein - 0 .5 2  - 0 .5 7
RU 4 8 6  0 .52  0 .67  - 0 .5 9
Di-demethyl 0 .62  0 .74  —0 .54  l. '
M ono-demethyl 0 .58  0 .69  —0.60  • - 0 .94
Hydroxyl • 0 .61 0 .7 7

Only statistically significant correlation coefficients are shown.
Di-dem ethyl= di-demethylated derivative: mono-demcthy 1= mono-demethylated derivative: hydroxyl—hydroxylated derivative.
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Fig. 6 . M ean± SE M  g lucose, cortiso l an d  ACTH resp o n se  to  in su lin -  
in d u ced  hy p o g ly cem ia  in  th e  tw o  g ro u p s o f a n im a ls  (D— □  responder: 
B— B n o n -re sp o n d er) .

4 8 0  w a s  u n ab le  to  su p p o rt life in  adrenalectom ized 
m onkeys (16).

All se v en  dogs responded  w ith  ap p ro p ria te  ch an g es in  
cortiso l a n d  ACTH follow ing exogenous ACTH infusion, 
in su lin -induced  hypoglycem ia, a n d  m ety rapone ad m in ­
is tra tio n . F rom  th is it  c a n  be concluded  th a t  in  J l  dogs, 
th e  A CTH-cortisol axis is in ta c t a n d  responded in  a 
sim ilar m a n n e r  to classical stim uli. H ow ever, w h en  
challen g ed  for 10  days w ith  RU 4 8 6  a t  a  dose o f 2 0  
m g - k g " 1 an d  subsequen tly  w ith  50  m g -k g -1 , o n  tw o 
se p a ra te  occasions, th re e  dogs (responders) repeated ly  
d em o n s tra ted  elevation  in  ACTH a n d  cortisol; th e  o th e r  
four dogs failed to dem o n stra te  su s ta in e d  appropria te  
increases in  ACTH a n d  cortisol (non-responders).

A lth o u g h  bo th  g roups d em o n stra ted  a  red u c tio n  in 
se ru m  pro teins, th is  w as m o re  p ro n o u n ced  in  the  
respo n d ers th a n  in  th e  non -responders. W e hav e  p re­

viously sh o w n  th a t  th is dose o f  RU 4 8 6  does n o t  induce 
ch an g es in  electrolytes (9, ID). T his suggests the  
presence o f  Quid re ten tio n  w ith  isosm otic expansion  of 
th e  ex trace llu la r volum e, w h ich  w a s  m o re  p ro n o u n ced  
in  th e  responders a n d  probably  re la tes to  th e  m ineralo - 
corticoid-like effects o f cortisol.

T he d isparity  in  ACTH an d  cortiso l responses in  the  
tw o  groups is re la ted  to  th e  fact th a t  c ircu la to ry  levels of 
RU 4 8 6 , b u t m ore p articu la rly  its  m ono- an d  di- 
dem ethy la ted  derivatives, w ere  h ig h e r  in  th e  responders 
th a n  in  th e  non -responders. T hese differences could be 
accoun ted  for b y  varia tio n s in  ab so rp tion , distribution , 
o r  m etabolism  of RU 4 8 6 . RU 4 8 6  abso rp tion  exceeds 
71%  in th o se  species in  w h ich  th is h a s  been  stud ied  an d  
th e  b ioavailability  ranges from  40 %  in  m a n  a n d  r a t  to 
on ly  ab o u t 15%  in  m onkeys (14). D etailed ph arm aco d y ­
nam ics hav e  y e t to be perform ed in  th e  c an in e  species.

I t  c a n n o t be  excluded th a t  th e  lo w er levels o f  RU 4 8 6  
n o ted  in  th e  n o n -resp o n d er an im als  a re  due  to a  decrease 
in  th e  abso rp tion  o f  RU 4 8 6 . I t is, how ever, unlikely  th a t  
th is is th e  m ech an ism  u n d erly in g  th e  lack  of response, 
since h ig h  co n cen tra tio n s  of RU 4 8 6  an d  th e  th ree  
m etabolites w ere  m easu red  in  b o th  g roups. Also, a  
sim ilar d ivergence in  ACTH a n d  cortiso l response w as 
no ted  betw een  th e  responder an d  non>responder groups 
w h en  these dogs w ere challenged  w ith  2 0 m g - k g _1-d _1 
of RU 4 8 6 . N either g roup  responded  w h e n  th e  dose of RU 
4 8 6  w as 5 m g - k g " 1-d _1 (9).

In  h u m a n s , RU 4 8 6  is b o und  to  orosom ucoid , a n  oq- 
acid g lycoprotein  (17), an d  th e  vo lum e of d istribu tion  of 
RU 4 8 6  is only  10%  of th e  ideal body w eig h t (14). In  
co n trast, th e  volum e of d istribu tion  is equ iv a len t to tw ice 
th e  body w eig h t in ra ts  a n d  m onkeys (14). A lth o u g h  it  is 
n o t k n o w n  w h e th e r  RU 4 8 6  is b o u n d  to  se ru m  proteins 
in  th e  dog, th e  h ig h  se ru m  RU 4 8 6  co n cen tra tio n s  do 
suggest th a t  it is, in  fact, p robab ly  p ro te in  bound.

T he n on-responder dogs h a d  a n  increased  in itia l body 
w eigh t and , for th is reason , RU 4 8 6  w as ad m in istered  as 
a function  of body w eigh t. Since th ey  w ere  m ongrel 
an im als  it c a n n o t be concluded  th a t  th ey  h a d  g rea te r 
adipose tissue m ass. N evertheless, it is conceivable th a t  
th e  low er levels o f  RU 4 8 6  a n d  its m ono- an d  di- 
dem ethy la ted  derivatives m a y  be d u e  to sequestra tion  
in to  adipose tissue. RU 4 8 6  is lipophilic an d  it is k n o w n  
th a t  fa t co n cen tra te s  lipid-soluble an d ro g en s, estrogens 
as well as progesterone. In  add ition , adipose tissue is
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activ e  in  the  m etabo lism  of stero ids a n d  obese fem ales 
h a v e  been sh o w n  to have  a n  increased  m etabolic 
c lea ran ce  of cortisone, as well as testo sterone  an d  o th e r 
a n d ro g en s  w h ich  a re  n o t bo und  to  sex -ho rm one bind ing  
g lo b u lin  (18, 19). T hus, increased  c lea ran ce  o f RU 4S 6  
a n d  its dem ethy la ted  derivatives cou ld  also a c c o u n t for 
th e  low er levels in  th e  n o n -resp o n d er group.

RU 4 8 6  is m etabolized by m ono- an d  d i-dem ethyla- 
tio n  o f th e  d i-m ethy iam inopheny l g roup  in  position  II/? , 
a n d  by hydroxy la tion  of th e  1 7%-propynyt ch a in  in  both 
h u m a n  and ra t  (13 , 14). T hese sa m e  th ree  m etabolites 
cou ld  also be identified in  th e  dog. S erum  co n cen tra tio n s 
of RU 4 8 6  w ere h ig h e r in  th e  responder group, a lth o u g h  
th e  divergence b etw een  th e  tw o  groups w as only 
sta tis tically  significant after lo garithm ic  tran sfe r o f the 
RU 4 8 6  levels. H ow ever, th e  levels of th e  m ono- 
dem ethy la ted  an d  d i-dem ethy la ted  derivatives w ere 
significantly  h ig ' e r  in the resp o n d er th a n  in th e  n o n ­
re sp o n d er group. On th e  o th e r  h a n d , co n cen tra tio n s of 
th e  hydroxylated  m etabolite  w ere  sim ilar in th e  two 
g ro u p s  of dogs. S ince the  p red o m in an t differences 
b e tw een  the  tw o groups occurred  in  th e  levels of m ono- 
dem ethy la ted  an d  d i-dem ethy la ted  derivatives, it is 
considered  likely th a t  varia tio n s in biological responses 
a re  accoun ted  for by d ivergence in  th e  RU 4 8 6  m etab ­
olism  betw een  the  tw o groups.

S tra in  differences in th e  h y d roxy la tion  an d  reductive 
ca tabo lism  of stero ids hav e  been docum en ted  in  g u inea  
pigs, ra ts , an d  m ice (20). S ince o u r an im als w ere 
m o n g re l dogs, s tra in  differences m ay  also a c c o u n t for the 
variab le  response to RU 4 8 6  observed. T he ra tios of the 
hydroxy la ted  m etabo lite  to RU 4 8 6  as well as to  the 
m ono-dem ethy la ted  an d  d i-dem ethy la ted  com pounds 
w ere  h igher in  th e  non-responders, Th i ' uggests th a t  in 
th e  la tte r  g roup th e re  is en h an ce d  h y d ruxylation  of RU 
4 8 6 . In  con trast, in th e  resp o n d er g r  up th e  m etabolic 
p a th w a y  is d irected  to m ono- and  especially  d i-dem ethy- 
la tio n , since th e  responders h ad  a g rea te r ra tio  of di- 
dem ethy la ted  to m o n o-dem ethy la ted  com pound . The 
differential m etabolism  of RU 4 8 6  m ay  th u s  be second­
a ry  to genetic differences in stero id  m etabolism . I t is of 
g re a t  in te rest th a t  th e  differences in response of the  
h y p o th a lam ic-p itu ita ry  ad ie n a l axis in the  tw o  groups 
w a s  associated  w ith  a lte ra tio n s in  m etabo lism  of RU 
486 .

T h e  m ono-, di-dem ethyla ted , a n d  hydroxyla ted  m e ta ­
bolites of RU 4 8 6  re ta in  h igh  affinities for th e  h u m a n  
glucocortico id  receptor. This ran g es  from  4 5  to 61%  
w h e n  com pared  to RU 4 8 6  (100% ) a n d  d exam ethasone 
(23% ) (13). T hese m etabolites also  bind w ith  high 
affinity  to th e  ra t  glucocorticoid recep to r (14). W hen  
ad m in istered  orally  to ra ts, each  of th e  th ree m etabolites 
beh av ed  as a n  antig lucocortico id , th e  hydroxy lated  and  
m o no-dem ethy la ted  m etabolites being  th e  m ost p o ten t 
(1 4 ), T he binding affinities of these  steroids to th e  can ine  
s te ro id  receptors hav e  n o t been investigated; how ever, 
th e  positive corre la tions b etw een  th e  m ono- a n d  di- 
dem eth y la ted  m etabolites, an d  th e  m ag n itu d e  o f the

ACTH-cortisol response, suggest th a t  th e  m etabolites 
re ta in  an tig lucocortico id  activ ity  in th e  dog.

This stu d y  h as been d irected  to th e  antig lucocortico id  
effects o f RU 4S 6 . RU 4 8 6  induces ab o rtio n  w h en  given 
to w om en  w ith  p regnancies u n d e r  4 9  d ay s’ d u ra tio n , 
a lth o u g h  failure o ccu rs in  app rox im ately  2 0 -2 5 %  of 
subjects (2 -4 , 21). R esponsiveness c a n  be im proved by 
the  ad m in istra tio n  of p rostag lan d in s 4 8  to  72 h  after RU 
4 8 6  ad m in istra tio n  (2 1 -2 4 ) . H ow ever, despite p ro sta ­
g land in  adm in istra tio n , approx im ately  5% of subjects 
still fail to ab o rt (2 1 -2 4 ) . Could ab norm alitie s of m etab ­
olism  of R n  4 8 6  in th e  h u m a n  a c c o u n t for n o n - 
responsivu iess to the  drug? T his appears unlikely, since 
it h as recen tly  been sh o w n  th a t  no  differences in 
p h arm acok inetics of RU 4 8  6 exist betw een  subjects w ho  
abo rt an d  those w h o  fail to respond  to  RU 4 8 6  (25). 
H ow ever, in ’.his s tudy  R li 4 8 6  an d  its m etabolites w ere 
only  determ ined  tw o o r  th ree  days follow ing RU 4 8 6  
adm in istra tio n . It is th u s  conceivable th a t  these differ­
ences m ay  hav e  been m issed. I t sh ou ld  also be no ted  th a t  
differences in d rug  m etabolism  do exist betw een  indi­
viduals (26), and  recen t studies hav e  sh o w n  th a t  obese 
w om en respond  less w ell to RU 4 8 6  w ith  regard  to 
abo rtion  induction  (24 , 2 7 ). T he resu lts in dogs ind icate  
th a t  detailed studies of RU 4 8 6  m etabolism  in  w om en  
w ho abo rt o r fail to a b o rt after RU 4 8 6  ad m in istra tio n  
shou ld  be perform ed.
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In situ hybridization of arginine vasopressin (AVP) 
heteronuclear ribonucleic acid reveals increased A VP gene 
transcription in the rat hypothalamic paraventricular 
nucleus in response to emotional stress
A n n e  Priou , C harles Oliver an d  M ichel Grino
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Priou A, Oliver C, Grino M. In situ hybridization of arginine vasopressin (AVP) heteronuclear 
ribonucleic acid reveals increased AVP gene transcription in the rat hypothalamic paraventricular 
nucleus in response to emotional stress. Acta Endocrinol 1993;128:466-72. ISSN 0001-5598

The regulation of anterior pituitary adrenocorticotropin hormone (ACTH) secretion during stress 
involves several hypothalamic neurohormones, including arginine vasopressin (AVP). In situ 
hybridization techniques have been used to study the regulation of neuropeptide messenger ribonucleic 
acids in the hypothalamus. Owing to the relatively slow time course of the changes in cytoplasmic 
messenger ribonucleic acid concentrations, rapid alterations in the level of neuropeptide gene 
transcription could not be detected. Because of its rapid processing, the nuclear level of the 
heteronuclear ribonucleic add  should reflect the rate of its synthesis, namely the transcription of the 
gene. We have used in situ hybridization with a probe complementary to a  portion of an  introuic 
sequence of the rat AVP gene to study rapid changes in the level of AVP gene transcription during 
emotional stress. The specificity of our technique was demonstrated by the localization of the 
hybridization signals in the paraventricular nucleus, the supraoptic nucleus and the suprachiasmatic 
nucleus, and was confirmed by the nuclear localization of the labeling. Isolation and exposure of male 
rats to a novel environment induced an activation of the pituitary-adrenal axis and an increase in AVP 
heteronuclear ribonucleic acid concentrations in the paraventricular nucleus 2 h  after the onset of the 
stress, suggesting that an increased AVP gene transcription may play a role in the activation of the 
pituitary-adrenal axis in response to emotional stress.

M ichel Grino, Laboratoire de Neurom docr'm ologic Expcrim eiitale, Unite IN S E R M  2 9 7 , Fnculte de M edccim  
Non], Blvd P i e m  Dramnrd, 1 3 3 2 6  M arseille Cedex 15 , Prmice

T h e  regu la tio n  of an te rio r  p itu ita ry  ACTH secre tion  
d u r in g  stress is a  m ultifac to ria l process th a t  involves 
m a in ly  tw o h y p o th a lam ic  neu ro h o rm o n es: co rtico tro ­
p in -re leasing  fac to r (CRF) an d  a rg in in e  vasopressin  
(AVP) (1), C ortico tropin-releasing  facto r is synthesized  
in  th e  parvocellu lar portion  of th e  p a rav en tr ic u la r  
n u c le u s  (PVN) an d  is secreted in to  the  hypophysia l 
p o rta l blood (HPB), A rg in ine vasopressin  is synthesized  
in  tw o  classes of n eu ro n s in  th e  h y p o th a lam u s (2): 
m ag n o ce llu la r n e u ro n s  of the  sup rao p tic  n u c leu s (SON) 
a n d  th e  PVN, an d  parvocellu lar n e u ro n s  of th e  su p ra ­
c h ia sm a tic  n u c leu s (SCN) and  th e  PVN, A rg in ine vaso­
p ress in  synthesized by m agn o ce llu la r n e u ro n s  is 
re leased  in to  th e  genera l c ircu la tio n  a t  the  level o f  th e  
p o ste rio r  p itu ita ry  a n d  acts o n  th e  kidney an d  th e  blood 
vessels, w hile AVP from  p arvocellu lar n eu ro n s  of th e  
P V N  is released in to  th e  HPB a n d  plays a  ro le  in  the  
a c tiv a tio n  of ACTH release by a n te rio r  p itu ita ry  cortico- 
tro p e  cells. Several repo rts h av e  sh o w n  th a t  AVP an d  
CRF a re  co-localized in  parvocellu lar n eu ro n s of th e  PVN 
(3) an d  th a t  CRF im m un o reac tiv e  n eu ro n s  also co n ta in  
th e  m essenger ribonucleic  acid (mRNA) cod ing  fo r th e

AVP p recu rso r (4). T he relative p artic ipa tion  of CRF and  
AVP in  th e  reg u la tio n  o f ACTH secre tion  d u rin g  stress is 
still a m a tte r  of debate  (5). Indeed, in  th e  ra t, b o th  CRF 
a n d  AVP are  necessary  for th e  ACTH response to 
re s tra in t o r  form alin stress (6). P lo tsky  e t al. (7) h av e  
repo rted  th a t  in su lin -induced  hypoglycem ia resu lted  in 
no c h a n g e  in  hypophysia l po rta l venous CRF b u t caused  
signiH cant increase in  AVP levels. In  addition , passive 
im m unization  ag a in s t CRF blocked ACTH secre tion  
induced  by in su lin -induced  hypoglycem ia. This suggests 
th a t  d u rin g  hypoglycem ia CRF is a  tonic factor, w hile  
AVP plays a  dynam ic  role in  th e  s tim u la tio n  o f ACTH 
secre tion . H ow ever, G uillaum e e t al. (8) hav e  found  a n  
increased  release o f CRF in to  th e  r a t  HPB u n d e r  sim ilar 
experim enta l condition . R ecen t studies perform ed  in 
conscious, u n res tra in ed  sheep ind icate  th a t  bo th  CRF 
an d  AVP secre tion  in to  HPB a re  stim ula ted  d u rin g  
stress. D uring  p rofound  hypoglycem ia, AVP secre tio n  is 
stim u la ted  to a g rea te r  ex ten t th a n  th a t  o f CRF, su p p o rt­
ing th e  above-m entioned  hypothesis (9). In  add ition  to 
th e  m easu rem en ts  of neuropep tide  secretion , in  situ  
hybrid ization  techn iques h av e  been used to s tu d y  the
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METABOLITES IN  H UM ANS

O S K A R I H E IK IN H E IM O , K lM M O  K o n T U L A *. H O R A C IO  C R O X A T T O t, IR V IN G  S P I T Z l.  

T a p a n i  L u u k k a i n e n  a n d  P e k k a  L a h t e e n m a k i §

Steroid Research Laboratory. D epartm ent o f  M edical Chemistry, U niversity o f  Helsinki, Helsinki. 
Finland, 'D ep artm en t o f  Obstetrics and Gynecology, U niversity o f  Helsinki, Helsinki, F inland, tln stim to  
Chileno De M edicina Reproductiva, Santiago, Chile and $ Center for Biomedical Research, The 

Population Council, New Y ork , N Y  10021, U .S.A .

{Received 18 August 1986)

Summary— Using C hrom osorb1 chrom atography and H PL C , we measured the plasm a concentrations o f  
R U  486, and  its monodemethylated (R U  42633), didem ethylated (R U  42848) and alcoholic non- 
dem ethylated (R U  42698) metabolites up to 72 h following oral ingestion o f  100 mg o f  R U  486 by five 
female volunteers. The peak plasma level o f RU  486 (4.5 ^mol/1) occurred w ithin 1 h after ingestion o f 
the com pound; at this point significant am ounts o f the m etabolites were also present in the plasma. A fter 
the initial redistribution within 6 h the plasm a concentrations o f  R U  486 and  three o f  its metabolites 
measured rem ained stable for 24 h. Concentrations o f  the m onodem ethylated m etabolite exceeded those 
o f  the parent steroid during the time period measured, whereas the concentrations o f  the didemethylated 
and alcoholic metabolites were lower than those o f  R U  486, b u t still notable. A t 72 h the concentrations 
o f  all the four steroids were still in the m icrom olar range. T he relative binding affinities o f  these metabolites 
to hum an endom etrial and myometrial progesterone receptors as well as to hum an placental glu­
cocorticoid receptors were determined in vitro. The affinity o f R U  486 for the hum an uterine progesterone 
receptor (A'. =  1.3 x  1 0 '’ M for R U  486) was higher than tha t o f  progesterone but lower than that o f 
ORG-2058, a potent synthetic progestin. The relative binding affinities o f  the monodemethylated, 
alcoholic and didemethylated metabolites to the progesterone receptor were 21 ,1 5  and 9% , respectively, 
com pared with the parent com pound R U  486; each was lower than tha t o f  progesterone (43%). RU 486 
had an approx. 4-fold higher relative binding affinity to  the glucocorticoid receptor than dexamethasone. 
Interestingly, the relative binding affinities o f  the m etabolites studied to the hum an glucocorticoid receptor 
exceeded those o f  dexamethasone o r cortisol. Com pared with the parent com pound RU  486, they were 
61, 48 and 45%  for the monodemethylated, alcoholic and didemethylated m etabolites, respectively; each 
was higher than tha t o f  dexamethasone (23% ). The affinity o f  dexam ethasone to  the hum an glucocorticoid 
receptor was 1.6 x  5"* M. These data  indicate tha t the " o i  o f  certain m etabolites o f  RU  486 may 
contribute to a significant extent to  th< am iprcr ,v : (23-33% ) and even greater extent to the 
antiglucocorticoid (47-61% ) effects oi RU 486.

INTRODUCTION

RU 486 is a recently described 19-nor-steroid deriva­
tive with considerable antiprogestagenic and anti- 
glucocorticoidal properties [1,2]. When given during 
the luteal phase of the menstrual cycle. RU 486 is able 
to induce uterine bleeding [1]. In preliminary clinical 
studies RU 486 induced abortion in approx. 80% of 
the subjects when given between weeks 5-8 o f preg­
nancy, at a daily dose o f 200 mg for 4 days [3,4]. 
Recently, using RU 486, Nieman et a l. reported 
successful symptomatic treatment of Cushing's 
syndrome [5].

The dimethylaminophenyl side-chain at carbon 11

C orrespondence: Steroid Research Laboratory, De­
partm ent o f  Medical Chemistry, University o f  Helsinki, 
Siltavuorenpenger 10 A, SF-00170 Helsinki, Finland. 

Presented in part a t the X II  Meeting o f  the International 
Study Group fo r  Steroid Hormones, Rome, Italy, 1985.

of RU 486 is im portant for antiprogestagenic 
action [6], For all mammalian progesterone receptors 
investigated, RU 486 has a higher affinity than 
progesterone [4, 7, 8]. The relative binding affinity of 
RU 486 for the glucocorticoid receptor is either equal 
to [7] or greater than  [4] that of dexamethasone. 
Synthetic steroids may have biologically active me­
tabolites. Recently, Deraedt e t  a/.[9] identified micro- 
m olar plasma concentrations of a monodemethylated 
metabolite after oral ingestion of RU 486. Our earlier 
studies indicate the presence o f additional immu- 
noreactive metabolites [10].

Deraedt e t al. studied the metabolism of RU 486 
in rats and found that the monodemethylated, di- 
d ̂ methylated and alcoholic metabolites all retain 
antiglucocorticoidal and antiprogestagenic activity 
that correlated with the binding affinity to both 
progesterone and glucocorticoid receptors [9].

Since RU 486 has a high potential for clinical use, 
the biological activity o f its major metabolites is of

2 7 9
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interest. Hence, plasma concentrations o f RU 486 
and its monodemethylated (RU 42633), di- 
demethylated (RU 42848) and alcoholic non- 
demethylated (RU 42698) metabolites were measured 
specifically by high pressure liquid chromatography 
(HPLC) up to 72 h following oral ingestion of 100 mg 
of RU 486. Furthermore, their relative binding 
affinities for human placental glucocorticoid and 
uterine (myometrial and endometrial) progesterone 
receptors in vitro were compared with those o f refer­
ence steroids.

E X P E R IM E N T A L

Chemicals

RU 486 (17/i-hydroxy-ll/J-(4-dimethylamino- 
phenyl)-17a-( 1 -propynyl)-estra-4,9-dien-3-one), the 
monodemethylated metabolite RU 42633 (17/1- 
hydroxy- 11 /?- (4 -monomethylaminophenyl) -17ct - (1 - 
propyny!)-estra-4,9-dien-3-one), the didemethylated 
metabolite RU 42848 (17/J-hydroxy-l l/J-(4-amino- 
phenyl)-17a-(l-propynyl)-eslra-4,9-dien-3-one), the 
alcoholic metabolite RU 42698 (17/1-hydroxy-11/1- 
(4-dimethylaminophenyl)-17a-(l-propynol)-estra-4,9- 
dien-3-one) and [6,7-3H]RU 486 (sp. act. 37 Ci/mmol) 
were kindly donated by the Roussel-Uclaf Research 
Center, Romainville, France. The molecular struc­
tures o f the compounds are presented in Fig. 1.

Progesterone (4-pregnene-3,20-dione), dexametha- 
sone (9-fiuoro-l 6a-methyl-l 1/1,17a,21 -trihydroxy-1.4- 
pregnadiene-3,20-dione) and cortisol (11/1,17,21- 
trihydroxy-4-pregnene-3,20-dione) were purchased 
from Steraloids Inc., Wilton, N H, U.S.A. ORG- 
2058 ( 16a -ethyl-21 -hydroxy-19-nor-4-pregnene-3.20- 
dione) was obtained from Organon Int., Oss, The 
Netherlands. [6,7-3H] dexamethasone [DXM] (sp. act.

RU 42633

/O H
"C sC -C H -

R U 4 2 8 4 S

MOLECULAR STRUCTURES 
AND RU 4 2 6 9 8

45.8 Ci/mmol) was from New England Nuclear, 
Boston, MA, U.S.A., and [6,7-3H]ORG-2058 (sp.act. 
54 Ci/mmol) from Amersham Int. Ltd, Amersham. 
U.K.

Acetic acid, diethyl ether, ethyl acetate, ethylene 
glycol, n-hexane, gelatin, glycerol, methanol, tri- 
ethanolamine, titriplex III (EDTA), and HPLC col­
umn Hi bar LiChrosorb RP-18 (250 x 4 mm int. dia) 
were purchased from M erck, Darmstadt, West Ger­
many. Tris-H C l, dithiothreitol and Chromosorb " W- 
NAW  60/80 Mesh were from Sigma, St Louis, M l, 
U.S.A. N orit A was purchased from Amend. Irving­
ton, NJ, U.S.A., and dextran T70 from Pharmacia. 
Uppsala, Sweden. Ammonium sulfate was purchased 
from Schwartz/Mann and scintillation fluid YA- 
riatuike (70% pseudochumene) was obtained from 
Yliopiston Apteekki, Helsinki, Finland.

Human samples

Plasma samples were collected from five healthy 
female volunteers after oral ingestion o f 100 mg RU 
486 in mid-luteal phase o f  their cycle. Uteri were 
obtained from patients undergoing hysterectomy for 
uterine fibroids. The last menstrual period o f the 
patients had occurred approx. 2 weeks prior to 
operation. Only non-myornatous uterine tissue was 
used for the experiments described below. Placentas 
were obtained from women undergoing elective 
Caesarean section.

H PLC  studies
The Chrom osorb" column—HPLC-method de­

scribed before [10] was modified. Disposable Pasteur 
pipettes were packed with 3 ml o f Chromosorb* 
W -NAW 60/80 Mesh/20% ethylene glycol. A plasma 
sample v:as applied to the column, left for 30 min

R U 4 0 6 ,  RU 4 2 S 3 3 .  RU 4 2 8 4 8

Fig. 1. M olecular structures o f  RU 486 and its m onodem ethylated (RU  42633), didemethylated (RU 
42848) and alcoholic non-dem ethylated (R U  42698) metabolites.
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and then eluted as follows: (I) 5 ml o f ethyl 
acetate-n-hexane 5:95, and (II) 5 ml o f ethyl 
acetate-n-hexane 60:40. The eluates were evaporated 
to dryness, redissolved in the HPLC-eluent used and 
vortex-mixed. A sample (100 pi) was injected into the 
HPLC system. The eluent used in HPLC for the assay 
of RU 486 was methanol-water-triethanolamine, 
90:10:0.05, pumped a t a rate o f  1.5 ml/min; and for 
the assay of the three metabolites, m ethanol- 
w ater-acetic acid-diethyl ether-triethanolam ine, 
75:45:30:7.5:0.05, pumped at a rate o f 2.2 ml/min.

P repara tion  o f  tissue sam ples

The uterine samples were processed as described by 
Haukkam aa [11] and placental tissues as described by 
Kontula e t a l. for adrenal cortical tissue [12]. Cytosol 
samples were prepared by high-speed centrifugation 
of tissue homogenales. To remove endogenous ste­
roids from the cytosol samples a Dextran-coated 
charcoal (DCC) suspension containing 0.5% Norit 
A, 0.005% Dextran T70 and 0.1% gelatin in 50 mM 
Tris-HCl-buffer, pH 7.4, was prepared. An aliquot of 
DCC suspension (the volume corresponding to the 
cytosolic preparation to be stripped) was centrifuged 
at 3000 g  for lOmin. The supernatant was discarded 
and the cytosol preparation was added to the char­
coal pellet. The tubes were vortex-mixed and incu­
bated for lOmin at +4°C . After centrifugation a t 
3000g  for lOmin, the stripped cytosol samples were 
used for the competitive protein binding assays.

C o m p etitiv e  recep tor b ind ing  a ssays

All assays were performed in duplicate or triplicate 
in disposable glass test tubes and were repeated at 
least 3 times. For progesterone receptor studies, 
varying amounts (final concentrations, 10"'° to 
10"5M) of the steroids investigated (RU 486, RU 
42633, RU 42848, RU 42698, ORG-2058 and pro­
gesterone) together with 10"' M cortisol (to block 
binding to corticosteroid-binding globulin and to the 
glucocorticoid receptor), were pipetted into the tubes 
and evaporated to dryness. One-hundred microliters 
of cytosol (diluted to such an extent that approx 50% 
of the tritiated ligand was bound in the absence of 
any competitor) and 0.03 pCi o f  [°H]ORG-2058 
(pipetted in 100pi o f  50 mM Tris containing 1% 
ethanol: final concentration 2.8 nM) were added, the 
tubes were vortexed-mixed and then incubated over­
night at + 4 rC, After incubation, 200p i of DCC 
suspension was added to each tube and the contents 
vortex-mixed. After 10 min at + 4  C, The tubes were 
centrifuged for 5 min at 3000 g. The supernatants 
(containing the bound fraction o f the tritiated ligand) 
were transferred to polyethylene counting vials to­
gether with 3 ml o f scintillation fluid and were coun­
ted for 5 min in a liquid scintillation 1212 Minibeta 
counter (Wallac, Turku, Finland). The relative bind­
ing affinities of the different compounds to the pro­
gesterone receptor were calculated at the 50% com­
petition level according to Korenman [13].

For glucocorticoid receptor studies, similar incu­
bations were carried out. with the following 
modifications: undiluted placental cytosol was used 
instead o f uterine cytosol: no cortisol was added to 
the tubes: and [3H]DXM (0.03 pC i'tube: final con­
centration 3.3 nM) served as tracer instead of 
[3H]ORG-2058.

S ca tch a rd -p lo t ana lysis

To verify the glucocorticoid receptor-nature of the 
steroid-binding component in placental cytosol, the 
dissociation constant (Kfj  o f its interaction with 
[3H]DXM was measured. Aliquots (0.1ml) of 
charcoal-stripped placental cytosol were incubated, 
in a total volume of 0.2 ml. with varying concen­
trations (0.3-300 nM) of [3H]DXM dissolved in 
50 mM Tris-buffer. The extent of non-specific binding 
o f [3H]DXM was estimated from a parallel set of 
tubes also containing 10~5 M non-radioactive DXM. 
The tubes were incubated overnight at +4=0. 0.25 ml 
o f  DCC was added to separate bound and unbound 
steroids. Further steps were carried out as described 
above for the competitive receptor binding assays. 
The binding data (corrected for non-specific binding) 
were analyzed according to Scatchard [14],

To measure the A"d o f  RU 486 for the human 
uterine progesterone receptor, a partially purified 
progesterone receptor preparation from human myo- 
metrial cytosol was first prepared as described by 
K ontula e t al.[15]. Before use, [3H]RU 486 was 
purified using the Chromosorb* technique [10]. The 
rest of the analysis was essentially as described above, 
except that partially purified progesterone receptor 
preparation and [3H]RU 486 were used instead of 
placental cytosol and [3H]DXM, respectively, and 
non-radioactive RU 486 was used instead of DXM 
for the correction for non-specific binding. N o excess 
o f cortisol was used.

R E SU L T S

The u.v.-absorption spectra o f the synthetic metab­
olites and their behavior in our HPLC system were 
analyzed. All the synthetic metabolites shared a 
common u.v.-absorption maximum at 304 nm. Each 
also had a characteristic u.v.-absorption maximum: 
RU 42633 at 250 nm, RU 42848 at 240 nm and RU 
42698 at 258 nm. Their retention times in our HPLC 
system were 4 min 36 s, 3 min 56 s and 2 min 49 s, 
respectively.

Plasma concentrations (mean +  SEM) of RU 486 
and of its monodemethylated (RU 42633), di- 
demethylated (RU 42848) and non-demethylated al­
coholic (RU 42698) metabolites, after oral ingestion 
of 100 mg of RU 486 by five female volunteers, are 
depicted in Fig. 2. Peak plasma concentrations o f RU 
486 (4.5 pm ol/l) were reached within I h after inges­
tion of the drug. The concentrations o f the m ono­
demethylated metabolite (RU 42633) and hydroxy- 
lated alcoholic metabolite (RU 42698) also reached
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Fig. 2. Plasma concentrations (mevn +  SEM ) o f  R U  486, 
R U  42633, RU  42848 and RU  42698, after oral ingestion o f 

100 mg o f  R U  486 by five female volunteers.

peak concentrations within 1-2 h suggesting rapid 
first pass metabolism of RU 486. Plasma concen­
trations of the didemethylated metabo'ite (RU 
42848) increased slowly between 6 and 24 h, maxi­
mum concentrations were measured 24 h after inges­
tion o f  RU 486. After initial redistribution o f 6 h the 
plasma concentrations o f RU 486 and three o f the 
metabolites assayed plateaued for 24 h or more. 
Concentrations o f the monodemethylated metabolite 
exceeded those o f the parent RU 486. Plasma concen­
trations o f  the didemethylated and the alcoholic 
metabolite were lower than those o f RU 486 but still 
notable. Importantly, both RU 486 and the three 
metabolites were still present in micromolar concen­
trations at 72 h.

The binding o f  RU 486 and its metabolites to 
human progesterone receptor in vitro was studied

C om pound*

R clativct
affinity

%

O R G -2058 373
R U  486 100
P rogesterone 43
R U  42633 21
R U  42698 15
R U  42848 9

•F o r systematic names see Experi­
mental.

tR c la tiv c  to  R U  486 (= 1 0 0 % ).

using both human endometrial and myometrical cy­
tosol. The relative binding affinities were identical 
and therefore combined. The (mean o f  three 
separate experiments) o f  the binding o f  RU 486 to the 
human myometrial progesterone receptor was 
1.3 x 10~9 M (Fig. 3). The relative binding affinity 
o f  RU  486 to the human progesterone receptor was 
higher than that o f progesterone but lower than that 
o f the potent synthetic progestin ORG-2058. All the 
metabolites o f RU 486 studied had a lower affinity to 
the progesterone receptor than progesterone itself. 
The relative binding affinities of ORG-2058, pro­
gesterone and the three metabolites o f RU 486 to the 
progesterone receptor are given in Table 1.

The binding o f RU  486 and its metabolites to the 
human glucocorticoid receptor in vitro was studied 
using human placental cytosol. Figure 4 shows a 
representative Scatchard-plot of the interaction be­
tween the placental glucocorticoid receptor and triti­
nted DXM. The mean Azd in four experiments was
1.6 x 10~9M. Competition studies revealed that all 
three m ajor metabolites o f RU 486, along with the 
parent compound, had higher affinities for the glu­
cocorticoid receptor than the potent glucocorticoids 
dexamethasone and cortisol. Table 2 gives the relative 
affinities of the steroids tested for the human placen­
tal glucocorticoid receptor (mean values o f 5 separate 
experiments).

D IS C U S S IO N

Synthetic steroid derivatives may have biologically 
active metabolites. Radioimmunoassays often lack

T able 2. T h e  re la tive b inding affinities o f  
the stero ids investigated  fo r hum an  

g lucocortico id  receptor

0 1  0 2  0  3 0 4  n m o ' / I

SPEC IFIC  BINDING O F  ( 3H )-D X M

Fig. 4. [JH]dexamethasone Scatchard plot analysis o f 
hum an placenta) glucocorticoid receptor. Mean A'd

1.6 x 10-9 M.

C om pound*

Relative
affinity

R U  486 100
R U  42633 61
R U  42698 48
R U  42848 45
D exam ethasone 23
C ortisol 9

•F o r  system atic  nam es, see E 
m ental.

(R ela tiv e  to  R U  486 ( =  100%).
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the specificity to discriminate Laween the parent 
compounds and their metabolites. Furthermore, a 
metabolite cross-reacting in the radioimmunoassay 
may lack biological activity.

Earlier studies on plasma RU 486 concentrations 
were carried out using direct radioimmuno­
assay [16,17], We have developed methods to 
specifically measure plasma concentrations o f RU 
486 and its three most proximal metabolic products 
using Chromosorbli-column chromatography and 
HPLC. The HPLC method described previously [9] 
had to be improved since it did not separate the 
monodemethylated metabolite from the alcoholic 
metabolite. Our results show that after ingestion of 
100 mg of RU 486 by human female volunteers, 
at least three metabolites of RU 486, the 
monodemethylated (RU 42633), didemethylated 
(RU  42848) and alcoholic non-demethylated (RU 
42698) forms, are circulating in micromolar concen­
trations, i.e. close to that of the parent compound for 
72 h. When measured by a specific Chrom osorb8- 
HPLC-method the plasma concentrations o f RU 486 
did not differ significantly when the single oral dose 
of R.U 486 was increased from 100 to 800 mg [10], 
This suggests rapid distribution o f RU 486 into the 
tissues, and rapid first-pass metabolism of RU 486. 
Oral administration o f [3H]RU 486 resulted in re­
markable extravascular diffusion in rats as reported 
by Deraedt el a/.[9). Studies employing specific HPLC 
method will reveal whether there is a change in the 
ratios between RU 486 and its metabolites after the 
administration of different oral and parenteral doses 
o f RU 486. In general the receptor binding ability of 
a steroid gives an indication, although not proof, of 
its biological activity. Deraedt et al. determined the 
relative binding affinities of RU 486, RU 42633, RU 
42848 and RU 42698 to cytosolic progesterone and 
glucocorticoid receptors. Oral administration o f RU 
486, RU 42633, RU 42848 or RU 42698 in rats 
resulted in abortion or inhibited the thymolytic effect 
o f dexamethasone thus demonstrating their anti- 
progestational and antiglucocorticoidal nature, 
respectively [9], Their results indicate that the alco­
holic metabolite might have a higher biological activ­
ity in relation to receptor binding as compared with 
the monodemethylated metabolite. The relative bind­
ing affinities of RU 486 and its three metabolites to 
the human glucocorticoid and progesterone receptors 
were determined, using dexamethasone and ORG- 
2058, respectively, as reference steroids. Before ac- 
ceoting the previously characterized progesterone [11] 
and glucocorticoid receptor [12] systems as models, 
the saturability and high affinity o f the binding was 
confirmed in each case (Figs 3 and 4). In previous 
studies, RU 486 has been shown to display a 
binding affinity greater than that of progesterone 
in all the mammalian progesterone receptors 
investigated [4, ?]. Variations in the reported 
affinities [4,7,8] may be explained by species 
differences in the characteristics o f steroid

receptors [15]. The lower binding affinity o f pro­
gesterone to the human progesterone receptor, as 
compared to RU 486 (43%, Table 1). is in accord 
with the value o f 67%, which was reported previously 
by Gravanis et c/.[8].

The hydrophobic molecular structure of RU 486 
reveals features suggesting high affinity binding to 
progesterone receptor [18]. The antiprogestagenic 
properties o f RU 486 are thought to be due to the 
dimethylaminophenyl side chain at carbon 11 [6]. 
Demethylation o f  this side chain decreases its hydro- 
phobicity, and also decreases the binding affinity of 
mono- and didemethylated M etabolites to 21 and 
9% . respectively (Table 1). Hydroxylation o f the side 
chain a t carbon 17 decreases the binding affinity of 
the compound from 100% (RU 486) to 15% [RU 
42698) (Table 1).

Based on the relative receptor binding affinities o f 
the metabolites (Table 1) and their plasma concen­
trations (Fig. 2), it is possible to estimate the con­
tribution o f the metabolite pool in the anti- 
progestational action o f RU 486. The theoretical 
contribution o f  the prevailing metabolite pool to the 
antiprogestational activity of RU 486 after ingestion 
o f 100 mg of RU  486 amounts to about 23% at 1 h 
but as high as 33% at 24 h.

Comparatively little is known about the relative 
affinity o f RU  486 for human glucocorticoid recep­
tors. However, in comparison with published clinical 
and experimental studies [2,4, 7], the high affinities of 
RU 486 and of its metabolites to the human glu­
cocorticoid receptor (Table 2) are not surprising. 
However, it must be kept in mind that competition 
studies performed a t 0—t-4 'C  in cell-free conditions 
do not necessarily correctly reflect the situation at 
+  37=C and in the whole organism [19]. The the­
oretical contribution o f the metabolites of RU 486 to 
the antiglucocorticoidal action o f  RU 486 was calcu­
lated. This was based on the relative receptor binding 
affinities (Table 2) and plasma concentrations (Fig. 2) 
o f the metabolites. These results suggests that 1 and 
24 h after the intake o f 100 mg of RU 486, the three 
metabolites would represent 47 and 61%, re­
spectively, o f  the total anti glucocorticoid activity of 
RU 486.

Despite the high affinity b’nding of RU 486 and its 
metabolites to the human glucocorticoid receptor in 
vitro, previous clinical experience suggests that large 
single doses o f RU 486 (> 400  mg) are needed to 
prom ote antiglucocorticoid effects in vivo [2,20]. 
Chronic treatment with 25-200 mg/day of RU 486, 
doses sufficient to produce uterine bleeding in 80% 
or more cases, did not result in any apparent anti­
glucocorticoidal effects [1,3]. This may be partly ex­
plained by the fact that the concentrations o f plasma 
cortisol are at least one order o f magnitude higher 
than that o f plasma progesterone, even during the 
luteal phase o f the menstrual cycle. The commonly 
used clinical parameters of antiglucocorticoid activ­
ity, i.e. plasma ACTH and cortisol concentrations.
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necessitate transport o f  the antiglucocorticoid mole­
cule to the hypothalamus o r the pituitary in order to 
affect ACTH secretion. Thus, the fact that up to 
400 mg of RU 486 was needed to equal the sup­
pressive effects o f  1 mg of dexamethasone on ACTH 
and cortisol in vivo [2], might be explained by the 
higher bioavailability of DXM (32% non-protein 
bound in plasma, ref. 21) or higher 
hypothalamic/pituitary uptake o f  DM X compared to 
RU  486. In view of the fact that plasma concen­
trations o f  RU 486 are not elevated by increasing the 
oral dose o f  RU 486 from 100 to 800 mg, all associ­
ated with micromolar concentrations of anti- 
glucocorticoid steroids (Fig. 2, ref. 10), it still remains 
an enigma why systemic antiglucocorticoidal effects 
are virtually never seen a t RU 486 doses below 
400 mg.

In conclusion, the remarkable binding affinities of 
the metabolites o f  RU 486 to human progesterone 
and glucocorticoid receptors suggest an important 
role of these metabolites, along with the parent 
compound, as regards the antisteroidal action of RU 
486. This also justifies further metabolic studies after 
administration o f varying oral or parenteral doses of 
R U  486.
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Successful Treatment of Cushing’s Syndrome with the 
Glucocorticoid Antagonist EU 486*
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ABSTRACT. A patient with Cushing's syndrome due to ec­
topic ACTH secretion was treated successfully with the new 
glucocorticoid antagonist RU 486 117d-hydroiy-1 ld-(4-dimeth- 
ylamino phenyl)17o-(l-propynyl)c6tra-4,9-dien-3 one]. This 
compound is a 19-nor steroid with substitutions at positions C ll 
and C17 which antagonizes cortisol action competitively at the 
receptor level. Oral RU 486 was given in increasing doses of 5, 
10,15, and 20 rig/ltg-day for a 9 week period. Treatment efleecy 
was monitored by assessment of clinical status and by measuring 
several glucocorticoid-sensitive variables, including fasting blood 
sugar, blood sugar 120 min after oral glucose administration,

and plasma concentrations of TSH, corticosteroid-binding glob­
ulin, LH, testosterone-estradicl-binding globulin, and total and 
free testosterone. With therapy, the somatic features of Cush­
ing’s syndrome (buffalo hump, central obesity, and moon facies) 
ameliorated, mean arterial blood pressure normalized, suicidal 
depression resolved, and libido returned. All biochemical gluco­
corticoid-sensitive parameters normalized. No side-effects of 
drug toxicity were observed. We conclude that RU 486 may 
provide a safe, well tolerated, and effective medical treatment 
for hypercortisolism. (J  Clin Endocrinol Metob 81:536,1985)

THE CURRENTLY available treatments for Cush­
ing's syndrome caused by metastatic ACTH-pro- 
ducing tumors or adrenal cancer are often unsatisfactory. 

Surgical resection of the tumor, when feasible, may be 
only partially or temporarily effective in controlling 
Cushing’s syndrome. Medical therapy with adrenolytic 
agents (o,p'-DDD) or steroidogenic enzyme inhibitors 
(aminoglutethimide or metyrapone) is frequently asso­
ciated with toxic side-effects (1-5).

A clinically applicable glucocorticoid antagonist is, in 
theory, an attractive alternative treatment for hypercor­
tisolism and has been sought for many years (6). The 
recently discovered compound RU 486 {170-hydroxy- 
110-(4-dimethylamino phenyl) 17a- (1 -propynyl)estra- 
4,9-dien-3-one], a 19-nor steroid with a high affinity for 
the rat glucocorticoid receptor with no agonist effects in  
v itro  or in  vivo, is a potent competitive glucocorticoid 
antagonist in rodents (7), nonhuman primates (8,9), and 
man (10-12).

Received Mirch 15,1985.
Address requests for reprints to: Dr. Ixieman, National Institutes of 

Health, Building 10. Room 10X262. Bethesda, Maryland 20205.
* Presented in part at the Seventh International Congress of Endo­

crinology, Quebec, Canada. Julj 1984.

We report here the successful treatment with RU 486 
of a 25-yr-old man with Cushing’s syndrome caused by 
the ectopic secretion of ACTH. During therapy, the 
somatic features of Cushing’s syndrome (cervical fat pad, 
central obesity, and moon facies) improved, suicidal 
depression cleared, and glucocorticoid-sensitive meas­
ures, such as elevated fasting and postabsorptive blood 
sugar, normalized. The drug was tolerated well, and no 
side-effects were noted during therapy or after its discon­
tinuation.

Case Report
The patient was in excellent health unlil the fall of 1981 

when he noted loss of strength, short term memory, and atten­
tion span. In the spring of 1982, because these symptoms 
worsened, he discontinued his weight-lifting regimen. He com­
plained of increasing anxiety and depression. In September 
1982, be stopped working because cf these cognitive and psy­
chological changes. Treatment with antidepressants was initi­
ated. His depression deepened, however, and led to two suicide 
attempts. At that time, he had moon facies, hypertension, and 
diabetes, and was evaluated for Cushing's syndrome. Both 
serum and urinary cortisol levels were elevated, and 17-hydroi- 
ycorticosteroid excretion increased during a standard 2- end 8- 
mg dexamethasone suppression test (13).

An intrathoracic mass lesion was found and was resected in

536
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Mercb 1983. The lesion was not contiguous with a bronchus. 
Microscopic and immurohistochemical examination of the 
gnecimen showed a carcinoid tumor with granules that stained 

anti-ACTH serum. Immediately after surgery, plasma 
cortisol levels were normal. Insulin and antihypertensiv* W5 
antidepressant medications were discontinued, and ths. pa­
tient's symptoms improved. By May 1983, however, his symp­
toms recurred, and his urinary cortisol excretion rate was about 
500 pg/day. He was given metyrapone, but had only transient 
clinical improvement.

In August 1983, he was admitted to the NIH. He complained 
of disorientation, diminished memory and cognitive ability, 
impotence, a 20-Ib weight gain over 3 yr, and long-standing 
muscle weakness. He had a ruddy round face. His blood pres- 
sure was 380/120 mm Hg, and his pulse was 90 beats/min. He 
was anxious and depressed. He performed calculations slowly. 
The thoracotomy scar was hyperpigmented. Computerized axial 
tomograms of the chest revealed multiple lung nodules. He had 
hypokalemic alkalosis (serum potassium, 1.9 meq/liter; bicar­
bonate, 38 meq/liter; chloride, 94 meq/liter; sodium, 147 meq/ 
liter).

His medications, including maprotiline hydrochloride (Lu- 
diomil), trifloroperazine (Stelazine), benztropin mesylate (Co- 
gentin), and metyrapone (1 g/day) were stopped before labo­
ratory evaluation. He ■ (Came withdrawn, severely depressed, 
ruid complained that he felt unable to think clearly. Ludiomil 
was reinitiated because of suicidal ideation, and his depressive 
rvmptoms and cognition improved. Potassium supplements 
were given (20-120 meq/dey). Treatment with increasing doses 
of RU 486 for 9 weeks caused marked improvement in all 
biochemical and clinical parameters of hypercortisolism (see 
Results).

Materials and Methods

Protocol

The protocol for the therapeutic use of RU 486 was approved 
under an investig ttional exemption for new drugs by the Na­
tional Center for Drugs and Biologies, DHHS, and by the 
N1CHHD Clinical Research Committee (83-CH-87). The pa­
tient participated in the study after giving informed consent. 
All tests were performed at the NIH Clinical Center.

RU 488 was formulated into 50-mg tablets by Roussel; 
UCLAF (Paris, France). A single oral dose of 6 mg/kg RU 486 
given at midnight has been found to prevent morning adrenal 
; oppression caused by 1 mg deaamethasone (11). Accordingly, 
the initial oral daily dose was 5 mg/kg and increased in 5 mg/ 
l( increments every 1 or 2 weeks to a maximum of 20 mg/kg- 
<«y (see Fig. I).

A number of clinical and biochemical glucocorticoid-sensi­
tive measures were monitored to evaluate treatment sfficacy. 
Qinical measures included blood pressure and body weight. 
The patient’s mood was assessed daily by a self-report ques- 
hoonaue and three times a week by psychiatric interviews (14). 
“ ctabolic and hormone measures included urinary excretion 
«f nitrogen and fasting and postabsoiptive blood sugar, which 
** titrated by hypercortisolism, and plasma concentrations of 
toticosteroid-binding globulin (CBG) (15), testosterone-estra-
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Fig. 1. The effect of RU 486 treatment on glucocorticoid-sensitive 
variables. A, Two hour post-OGTT (oral glucose tolerance test) and 
fasting blood sugar levels were elevated before RU 486 therapy and fell 
to normal levels dur ing treatment. The serum TSH concentration was 
initially subnormal and rose progressively. CBG concentrations also 
rose into the normal range. Mean daily blood pressure decreased during 
RU 486 therapy, B, Plasma concentrations of LH, total testosterone, 
and free testosterone were initally depressed; all normalized with RU 
486 therapy. TeBG capacity showed similar increases. Shaded areas 
represent the upper (u in i  or lower M -U  normal range.

diol-binding globulin (TeBG), testosterone (16, 17), LH (16, 
17), and TSH (18,19), which are suppressed by hypercortisol­
ism.

Plasma ACTH and plasma and urinary cortisol levels also 
were measured frequently. Metabolic and hormonal measure­
ments were made on one to three morning blood samples drawn 
before therapy and during the final week of each dose interval. 
Standard oral glucose tolerance tests were performed after 3 
days of ingestion of a 100-g carbohydrate diet using e 100-g 
glucose challenge. Creatinine, blood urea nitrogen (BUN), 
serum glutamic oxaloacetic acid-transaminase (SCOT), and 
serum glutamic pyruvic acid-transaminase (SGPT) measure­
ments were monitored throughout treatment as indices o f drug 
toxic: y. Serial electrocardiograms and chest x-rays were done 
for a • milar purpose.
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plasma testosterone (20), LH (21), ACTH (22), eteroid'bio- 
tj,etic intermediates (pregnenolone, 17-hydroxypregneno- 

fjne, 17-hydroxyprogesterone, and ll-deoiycortisol) (20, 23), 
p lasm s and urinary cortisol (23), and serum TSH (24) were 
pleasured by RIA as previously described. CBG and TeBG were 
jo ea su red  using a solid phase Concanavnlin A-Sepbarose assay
(25)- Tbe free testosterone concentration was calculated from 
the measured levels of total hormone and binding proteins 
(a lb u m in  end TeBG) (25). Plasma glucose concentrations were 
measured with a Cobas bioanalyzer; SGOT, SGPT, BUN, cre­
atinine and albumin concentrations were measured with an 
Autoanalyzer (Beckman, Palo Alto, CA).

Using a previously described method for separation of bound 
from free hormone (25), competitive binding assays were done 
to exclude displacement by RU 486 of testosterone or cortisol 
from their plasma binding proteins, an action that might result 
in spurious changes in hormone concentrations. Increasing 
concentrations of RU 486 or unlabled hormone were added to 
samples with known amounts of radioactiveiy labeled hormone 
and binding globulin. RU 486 did not displace cortisol from 
CBG or testosterone from TeBG in concentrations ran gin;,' 
from ICT’MCT6 M.

Results
All glucocorticoid-sensitive clinical and biochemical 

parameters were initially abnormal in this patient, and 
each became normal during treatment with RU 486 
despite continued marked hypercortisolism.

The physical stigmata of Cushing’s syndrome, includ­
ing supraclavicular and dorsocervical fat pads and central 
obesity, regressed considerably by the conclusion of ther­
apy. This change in fat distribution was not associated, 
however, with a change in total body weight, which varied 
between 85 and 89 kg both before end during RU 486 
treatment. Maximum daily systolic and diastolic blood 
pressures decreased steadily during treatment with RU 
486, from 200/120 mm Hg before therapy, to 140/90 mm 
Hg at its conclusion (Fig. IA). The hypokalemic alkalosis 
resolved, serum potassium ranged from 3.9-4.6 meq/liter, 
and serum bicarbonate ranged from 25-29 meq/liter 
following discontinuation of potassium after the sixth 
week of RU 486 therapy.

Both subjective and objective psychological measures 
improved during RU 486 therapy. When the daily dose 
of RU 486 was increased to 15 mg/kg, Ludiomil therapy 
was stopped (fourth week of therapy). The patient’s 
depression continued to improve, and he reported in­
creasing attention span, libido, and sense of wellbeing. 
This subjective improvement was corroborated by self- 
rating questionnaires and psychiatric interviews.

Plasma glucose levels were initially 140 mg/dl in the 
fasting state (normal, <105 mg/dl) and 268 mg/dl 2 h 
after ingestion of 100 g glucose (normal, <140 mg/dl; Fig.
1A). The fasting blood sugar level became normal while

the patient was taking RU 486 in a dose of 10 mg/kg. 
day, and the 2 h postoral glucose tolerance test blood 
sugar level normalized when he was taking 20 zngAg 
(Fig. 1A). Serum TSH concentration was initially sub­
normal (<0.18 AiU/ml) and rose progressively to 1.5 #iU/ 
ml during treatment (normal, 0.&-4.5 #iU/ml; Fig. 1A). 
CBG-binding capacity increased from 7.4 pg/dl (normal, 
12.2-20 M g/dl) to 16.8 #ig/di (Pig. IB).

Plasi25 LH levels rose during treatment with RU 486 
from 9.4 to 23.?. mlU/ml (normal, 6-26 mlU/ml; Fig.
IB). Similarly, plasma total tod free testosterone con­
centrations and TeBG-binding capacity increased from 
subnormal to normal levels during therapy with RU 486 
(Fig. IB). The total testosterone concentration was ini­
tially 73 ng/dl (normal, 200-1000 ng/dl) and rose to 842 
ng/dl when the patient was taking 20 mg/kg-day RU 
486. TeBG capacity increased from 0.063 pg/dl (normal, 
0.2-1.0 pg/dl) to 1.02 ng/dl at the conclusion of therapy. 
Free testosterone increased from 3.5 ng/dl (normal, 5- 
30 ng/dl) to 17.4 ng/dl.

Twenty-four hour urinary nitrogen accretion fell from 
22 g/day (normal, 12-20 g/day) before treatment to 5 g/ 
day at its conclusion. No abnormalities in serum creati­
nine, BUN, SGOT, or SGPT, urinalysis, electrocardi­
ogram, chest radiography, or physical examination were 
found during or after therapy. The patient experienced 
no adverse subjective effects.

In contrast to the marked improvement in these glu­
cocorticoid-sensitive parameters, urinary cortisol, 
plasma cortisol, and ACTH levels remained significantly 
elevated throughout the treatment with RU 486. G-50 
gel chromatography revealed that 85% of ACTH immu- 
noreactivity was in the same fractions as ACTH-(l-39). 
Before initiation of RU therapy, the mean plasma ACTH 
concentration was 165 ± 7.6 (±S E ) pg/m! (n = 5); during 
treatment, it was 241 ± 14 pg/ml (n = 14; normal, 8-15 
pg/ml). The range of plasma cortisol concentration wet 
29-49.5 Ag/dl (mean ±  SE, 43.5 ± 3.3 jig/dl; n = 7) before 
and 13.8-56.5 ng/dl (mean ±  SE, 31.8 ± 2.0 M g/dl; n ® 
27) during RU 486 administration (normal, 8-18 #ig/dl). 
Mean daily urinary cortisol excretion rates also vert 
elevated, ranging between 514 and 11,592 p g /d a y  (mein 
± SE, 4865 ± 1159 *ig/24 h; n = 11) before therapy. 
During therapy, urinary cortisol excretion was limilir 
and ranged between 106 and 8( 72 fig/day (mean ± 81 
1175 ± 327 Mg/24 h; n = 27; normal, 20-95 vg/24 h).

Plasma steroid precursor concentrations during thth 
apy were within the normal range or mildly elevated 
Pregnenolone was 124 ng/dl (normal, <250), 17-hydns- 
ypregnenolone was 135 ng/dl (normal, <250), 17-hydrt8 ‘. 
yprogesterone was 706 ng/dl (normal, <200), *nd 11* 
deoxycortisol was 431 ng/dJ (normal, <200).

No side-effects occurred during RU 486 t r e a tm e n t®  
the 10th week, because limited availability of RU
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prevented further treatment, the patient underwent a 
bilateral adrenalectomy 48 h after discontinuation of 
therapy and during supplemental glucocorticoid therapy. 
Tissue vascularity was normal at the time of surgery, 
and his postoperative course and wound healing were 
satisfactory.

Discussion
The glucocorticoid antagonist RU 486 ameliorated the 

clinical and biochemical features of hypercortisolism in 
this patient. Treatment with RU 486 was associated with 
redistribution of body fat and resolution of severe depres­
sion. hyperglycemia, and hypertension, obviating the 
need for a variety of medications which he previously 
required. Several hormonal disorders typical of hyper­
cortisolism (suppressed plasma levels of TSH, LH, tes-. 
tosterone, CBG, and TeBG) also reverted to normal 
during RU 486 therapy (15,19).

The satisfactory response to RU 486 administration 
despite persistent marked elevation of serum and urinary 
cortisol levels is consistent with studies of its mechanism 
of action in  vitro and in animals. RU 486 interacts with 
the glucocorticoid receptor and thereby blocks the effects 
of cortisol (7). The mild decline in plasma and urinary 
cortisol during therapy might be due to an additional 
effect of RU 486 to diminish adrenal steroidogenesis 
directly via enzyme inhibition or a result of spontaneous 
fluctuation in the severity of the syndrome. No major 
block occurred, however, in the enzymes 3/J-hydroxyste- 
roid dehydrogenase-^6,A4-isomerase,21-hydroiylase, 17- 
bydroxylase, or 11-hydroxylase, as suggested from the 
levels of measured steroid precursors in the patient’s 
plasma.

Although RU 486 was an effective therapy in our 
patient with Cushing’s syndrome due to ectopic ACTH 
secretion, control may be more difficult to achieve in 
patients with hypercortisolism of pitui; iry origin (Cush­
ing's disease). Previous studies in nonhuman primates 
and normal subjects suggest that the dose of RU 486 
necessary to achieve normal glucocorticoid status in 
Cushing's syndrome will depend on the plasma free cor­
tisol concentration and the presence of cortisol feedback. 
In nonhuman primates and normal men and women, 
doees of RU 486 greater than 5 mg/kg csuse an increase 
in both plasma cortisol and ACTH levels, presumably by 
antagonizing cortisol feedback at the pituitary or hypo- 
tinlamus (8-12). In patients with Cushing’s disease in 
»hom cortisol feedback is present, ACTH levels may 
Bcrease, perhaps in an exaggerated manner, as is often 
tie case with ACTH responses to CRH (22) or metyra-

(26). Nevertheless, high doses of a glucocorticoid 
*8(agonist may overcome the reserve of the pituitary 
■unal axis in patients with Cushing's disease and thus

alleviate the toxic effects of hypercorticolism on tissues. 
If this were true, then an antiglucocorticoid could be used 
for preparation of patients for surgery.

The lack of side-effects or toxicity associated with RU 
486 administration in our patient contrasts markedly 
with the morbidity that characterizes the other medical 
treatments for hypercortisolism. Although the incidence 
of side-effects cannot be established until additional 
patients are studied, the present experience suggests that 
RU 486 therapy may be tolerated better than other 
currently available medical treatments of hypercortisol­
ism. Greater tolerance may yield greater efficacy, since 
the available medical treatments often cannot be given 
in fully effective doses because of their side-effects.

One potential problem with RU 486 is that overtreat­
ment might cause glucocorticoid insufficiency. Since glu­
cocorticoid insufficiency cannot be assessed through 
measurement of adrenal steroids during RU 486 therapy, 
we suggest that patients be given RU 486 in gradually 
increasing doses in concert with careful evaluation for 
signs and symptoms of adrenal insufficiency.

Currently, the major drawback of RU 486 is that it is 
costly to synthesize and not available in quantities suf­
ficient for extensive clinical study. Despite these prob­
lems, RU 406 holds promise as a safe, well tolerated, and 
effective medical therapy for hypercortisolism that mer­
its further clinical evaluation.
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J a m s h i d  A h m a d i,  M .D n A l f r e d o  S a d u n ,  M.D., Ph.D ., C h r i s t y  A . R u s s e l l ,  M .D ., 
L o is  L u c a ,  R.N., a n d  L a n i  L. S t e v e n s o n ,  R:N.

Division o f  Medical Oncology. Departments o f  Neurosurgery, Ophthalmology, and Radiology, 
University o f  Southern California School o f  Medicine. Los Angeles, California; and Center for  
Biomedical Research. Population Council, New York. New York

The possibility that meningioma growth may be related to female sex hormone levels is suggested by several 
lines of evidence. Meningiomas are twice as common in women as in men, have been observed to wax and 
wane with pregnancy, and arc positively associated with breast cancer. A physiological explanation for these 
phenomena is provided by the finding of steroid hormone receptors in meningiomas. However, unlike breast 
cancer, meningiomas are much more commonly positive for progesterone receptors than for estrogen receptors.

The authors initiated a study on long-term oral therapy of unresectable meningiomas with the antiproges­
terone mifepristone (RIM86). Fourteen patients received mifepristone in daily doses of 200 mg for periods 
ranging from 2 to 31+ months (a  6 months in 12 patients). Five patients have shown signs of objective 
response (reduced tumor measurement on computerized tomography scan or magnetic resonance image, or 
improved visual field examination). Three have also experienced subjective improvement (improved extraocu­
lar muscle function or relief from headache). The side effects of long-term mifepristone therapy have been 
mild. Fatigue was noted in 11 of the 14 patients. Other side effects included hot flashes in five patients, gyne­
comastia in three, partial alopecia in two. and cessation of menses in two. Long-term therapy with mifepris­
tone is a new therapeutic option that may have efficacy in cases of unresectable benign meningioma.

Key W o r d s  • meningioma • mifepristone * progesterone * hormone therapy

Th e  possibility th a t growth o f  meningiomas could 
be influenced by female sex horm ones was orig­
inally suggested by epidemiological observa­

tions. In tracranial m eningiom as are found twice as 
often in w om en as in m en ."  Several reports3-, -!, - :J* 
have described an  increase in meningiom a size or symp­
toms du ring  pregnancy, with resolution after comple­
tion o r te rm ina tion  o f  pregnancy, and reappearance 
during successive pregnancies. An association between 
m eningiom a an d  breast cancer has also been noted ."-" 
Schoenberg, el al.,33 studied d a ta  from the Connecticut 
Tum or Registry and  dem onstrated a  significant corre­
lation betw een breast cancer and  m eningiom a (eight 
observed cases vs. 3.37 expected cases, p <  0.05). Based 
on data from  the Los Angeles C ounty T um or Registry, 
Entry11 confirm ed a  positive association for meningio­
ma following breast cancer (37 observed cases vs. 10.5 
expected cases, p <  0 .0 0 1).

A physiological explanation for these correlations was 
first suggested by D onnell, ttf who detected estro­
gen receptors in four o f  six m eningioma specimens. 
However, num erous later s t u d i e s - ^ ' - ' ' " ' " - " - ' " ^  '"

i :j « sj7-w which examined both  estrogen and  proges­
terone receptors, determined th a t the  horm one receptor 
pattern o f  m eningiom a differed markedly from  that 
o f breast cancer. W hile positivity for estrogen receptor 
is more com m on than for progesterone receptor in 
breast cancer, the opposite situation exists in m eningi­
om a. Overall. 72% o f  m eningiom a specimens have 
been found positive for progesterone receptor while 
only 31% were positive for estrogen recep tor.;' ''" '

Identification o f  the putative progesterone-receptor 
protein as a true receptor has been confirmed by several 
methods. M arkwalder, etf cz/.,:o Blankenstem, tv s / .,4 
and Ironside, et a l.,'3 have dem onstrated appropriate 
specificity o f  the progesterone-binding protein through 
com petitive binding assays. Blankenstein, e t a l . 3 and 
Press and G reene2* have also dem onstrated positive 
im m unostaining o f  m eningiom a specimens with m ono­
clonal antibodies directed against the progesterone re­
ceptor, Blankenstein, el a l . 3 has further dem onstrated 
an excellent correlation between intensity o f  m ono­
clonal antibody staining and  levels of progesterone
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RU 486
Fig. 1. Illustration of the molecular structure of mifepristone 

(RU486).

receptor. In view o f  the frequent presence o f  progester­
one receptors and  the epidem iological correlations dis­
cussed above, m odulation o f  progesterone levels o r  o f 
the progesterone-receptor pro tein  w ould seem to  be a 
prom ising strategy for inhibiting m eningiom a growth.

M ifepristone (RU486; I l/3-(4-dimethyl-am ino phe­
nyl)-1 7/3-hydroxy-17 a-(p rop -1 -ynyl)-estra-4,9, dien-3- 
one; Fig. 1) is a  19-nor stero id  w ith high affinity for 
both  the progesterone and glucocorticoid receptors.' 
Antiprogesterone activity requires a  lower dose o f  m i­
fepristone than  for antiglucocorticoid effects. 1 This 
com pound is therefore o f  great interest in clinical situ­
ations where a  specific blockade o f  progesterone recep­
tors is desired. It has been used fo r term ination  o f  early 
pregnancy* an d  m ay be useful for contraceptive pur­
poses . 23

Several in  vitro  studies have supported  the possible 
use o f  m ifepristone as a  trea tm en t for m eningiom a. 
O lson, et al.,25 using a  cell cu lture  assay, dem onstrated 
18% to 36% growth inhibition by m ifepristone in all 
three m eningiom as tested. T he sam e group , 2 ' 1 using a 
nude mouse m odel, dem onstrated the  disappearance o f 
im planted m eningiom a nodules in tw o o f  three mice. 
M ore recently, Blankenstein, et a /.,1' dem onstrated a 
significant decrease in thym idine labeling index in 13 
m eningiom a specim ens treated w ith increasing concen­
trations o f  mifepristone.

W e therefore initiated a  trial o f  the  adm inistration 
o f  mifepristone for the treatm ent o f  unresectable me­
ningiom a. T he daily oral dose chosen was sim ilar to  that 
used in other studies"2'  where an  antiglucocorticoid 
effect without a  clinically significant antiprogesterone 
effect was required. However, in con trast to those stud­
ies, which required treatm ent for only  a few days, the 
p resent study anticipated long-term  treatm ent with m i­
fepristone.

Clinical M aterial and M ethods 

P atien t E lig ib ility
Patients with a  persistent o r  recurren t unresectable 

m eningiom a with m easurable o r  evaluable disease were 
eligible for this study. D ocum entation  o f  the histolog­
ical diagnosis o f  m eningiom a was obtained whenever 
possible; however, patients in w hom  biopsy m ight have 
resulted in excessive m orbidity  due  to  tum or location 
(optic nerve o r  cavernous sinus m eningiom as) were 
eligible for the study after a review o f records and

diagnostic scans by one o f  the investigators (A.S.), a 
neuro-ophthalmologist experienced in the  diagnosis 
and treatm ent o f  meningiomas in these locations. Ad­
equate hematological reserve (white b lood count >  
3000/cu m m . platelet count >  100.000/cu m m ), renal 
reserve (creatinine <  2  mg%). and hepatic reserve (bil­
irubin <  2 mg%) were required. All patients were am ­
bulatory adults with a life expectancy o f  1 2  weeks or 
more. Signed informed consent was ob tained from  all 
patients. This study was approved by the Institutional 
Review Board o f  the Los Angeles C ounty-U niversity 
o f Southern California Medical Center.

Patients were considered ineligible if curative surgery 
was possible. Premenopausal females were required to 
have a negative pregnancy test im m ediately before be­
ginning therapy and  were strongly urged to use effective 
contraceptive methods. Patients were also ineligible if 
there was evidence o f  a  second active neoplasm  requir­
ing cytotoxic chem otherapy, a serious in tercurren t ill­
ness. or a  history o f  thrombophlebitis. Patients who 
had undergone som e other additive o r  ablative hor­
monal therapy within the preceding 8  weeks were ex­
cluded. Patients with prior cranial irradiation were eli­
gible only if the tum or had show n definitive progression 
following irradiation.

Trea tm ent Plan 
All patients received a  daily oral dose o f  200 mg 

mifepristone (supplied as 2 0 0 -mg tablets) throughout 
the course o f  the study. This dose was estim ated to 
provide antiprogesterone activity without clinically sig­
nificant antiglucocorticoid activity.*-2’ However, in view 
o f  the possibility o f  antiglucocorticoid activity resulting 
from this com pound, all patients also received a  daily 
oral supplement o f  I mg dexam ethasone for the  first 
14 days o f  therapy. T reatm ent with m ifepristone was 
planned to continue for at least 1 year.

S tu d y  Param eters a n d  Follow-Up Period  
Patients were seen every m onth during the is t year 

o f  treatm ent and every 3 m onths thereafter. C om plete 
physical and neurological exam ination including eval­
uation for subjective side effects o r im provem ent was 
perform ed a t each clinic visit. A complete blood count 
and serum  chemistry panel were perform ed every 3 
months, and objective tum or m easurem ents were m ade 
ever)' 6  m onths based on com puterized tom ography 
(CT) scanning, magnetic resonance (M R) imaging, or 
visual field exam ination.

D efin ition  o f  Responses to Therapy  
Responses to treatm ent were defined as follows: 

“com plete response,” com plete disappearance o f  tu m o r 
on C T  o r.M R  studies; “ tum or regression," any  reduc­
tion in objective tum or m easurem ents (preferably ac­
com panied by subjective im provem ent o r lessening o f  
neurological symptoms); “stable disease." no significant 
change in objective param eters with no change in sym p­
tom s or neurological findings; and “progressive dis­
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t a b l e  i

Clinical su m m a ry  in 14 patients u ilh u n m m a b h ' m m inginm u

Case Age (yrs) 
No. & Sex

Menopausal
Status

Kamofsky 
Performance 
Scale Score

Tumor
Hisiology Site or Tumor Prior Therapy

Duration of 
Mifepristone 

Therapy 
(mos)

Best
Response

1 38. M __ 90% i 1 II surgery 31+ regression
2 49. M — 80% meningoihelial cervical spinal cord surgery, tamoxifen 8 progression
3 38. F premenopausal 100% cellular cervical spinal cord surgery 24 regression
4 66. F postmenopausal 90% meningoihelial petrous axis/ 

cavernous sinus
surgery 25+ stable

5 56. F postmenopausal 100% fibrous petrous apex surgery 27+ stable
6 61. F postmenopausal 60% malignant frontoparietal/lung me- 

tastases
surgery 2 progression

7 43. M — 80% malignant temporal lobe surgery, radiotherapy 6 progression
8 63. M — 90% meningoihelial cerebellopontine angle/ 

petrous apex
surgery, tamoxifen 20 stable

9 78. F postmenopausal 80% cellular cervical spinal cord surgery, tamoxifen 3 refused further 
therapy

10 4 1 .F postmenopausal 90% meningoihelial

.1113 surgery, megestrol 
acetate

23+ regression

11 52. M — 100% unbiopsied cavernous sinus/sphe­
noid ridge

none 19+ regression

12 69. F postmenopausal 90% fibrous cavernous sinus/petrous 
apex

surgery 12+ stable

13 80. M — 90% unbiopsied cavernous sinus none 12 stable
14 23. F premenopausal 100% cellular cavernous sinus surgery 9 regression

ease." an increase o f  m ore than  25% in tum or size seen 
on  CT o r M R  studies o r  any worsening o f  symptoms 
o r  neurological signs.

Results 

P atien t C haracteristics  
Fourteen patients were entered in to  this study be­

tween N ovem ber, 1987, and May, 1989 (Table 1). 
Although the  study population included a wide range 
o f  patien t ages (range 23 to  80 years, m edian 54 years) 
m ost patients had an  excellent K am ofsky Performance 
Scale score (range 60% to  100%. m edian 90%). Eight 
wom en (tw o prem enopausal and six' postmenopausal) 
and  six m en com prised the study group. The most 
com m on tu m o r histology was m eningoihelial o r cellu­
lar (eight cases). Two patients had fibrous meningiomas 
and  two had m alignant m eningiom as. Two pr :,mts 
were entered  w ithout biopsy; in both cases, a  cnmcal 
history strongly consistent with m eningiom a was pres­
en t and biopsy for the sole purpose o f  obtaining histol­
ogy was considered to  carry an undue risk o f  morbidity. 
T he m ost com m on location o f tu m o r was in the cav­
ernous sinus o r  at the base o f  the brain. Three patients 
had m eningiom as o f  the cervical spinal cord, and two 
had cerebral m eningiom as. O ne o f  the two with a ce­
rebral lesion had a  m alignant m eningiom a metastatic 
id the lung; the  other had undergone m ultiple attem pted 
resections o f  recurrent m eningiom a in a cerebral loca­
tion over a  period o f  13 years, with progression from 
meningoihelial to m alignant m eningiom a. In 1 2  pa­
tients, p rio r surgical procedures had been performed. 
O ne patien t had previously received radiotherapy, one

had been given megestrol acetate therapy, and three 
patients had been adm inistered tamoxifen.

Two patients were receiving chronic glucocorticoid 
supplem entation at the initiation o f mifepristone ther­
apy. A th ird  patient began glucocorticoid therapy dur­
ing mifepristone treatm ent due to  the developm ent o f 
a sym ptom atic spinal cyst. In two patients chronic thy­
roid supplem entation had been started before the in iti­
ation o f  mifepristone therapy, while a  third patient be­
gan thyroid supplem entation for fatigue and abnorm al 
results o f  thyroid function tests during mifepristone 
therapy. Eight patients were receiving chronic treat­
ment with antiseizure m edications including D ilantin 
(phenytoin sodium), Tegretol (carbamazepine), valpro­
ate, phenobarbital. and Mysoline (prim idone).

S tu d y  Therapy
In this study group, daily mifepristone therapy has 

been delivered for periods ranging from 2  to m ore that) 
31 m onths. Twelve o f the 14 patients have received 
mifepristone for at least 6  m onths and nine o f  these 
have received mifepristone for at least 1 year.

Responses to Therapy  
O f 13 patients considered assessable for response (one 

patient refused further therapy), 1 2  had received ther­
apy for at least 6  m onths an d  one discontinued therapy 
before 6  m onths due to progressive disease. Five o f 
these patients experienced tum or regression (Table 2). 
One m ale patient with m eningoihelial m eningiom a of 
the sphenoid wing achieved m inor decrease in tum or 
mass, as observed on a serial CT scan, accom panied
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T A B L E  2
S um m ary o f  patien ts  with tum or regression in  response to  mifepristone therapy

Case
No.

Menstrual Status 
or Gender

Tum or Location
Response*

Objective Subjective

I male sphenoid wing minor decrease on CT scan improved extraocular muscle function
3 premenopausal cervical spinal cord minor decrease on MRI disappearance o f  occipital headache

10 postmenopausal cavernous sinus minor decrease on CT scan none
11 male cavernous sinus/sphenoid ridge improved visual field examination improved extraocular muscle function
14 premenopausal cavernous sinus m inor decrease on MRI none

• CT =  computerized tomography: MRI =  magnetic resonance image.

by im proved extraocular muscle function. A second 
m ale  patient with an unbiopsied m eningiom a in the cav­
ernous sinus/sphenoid wing experienced objective im ­
provem ent in his visual field exam ination accom panied 
by im proved extraocular muscle function. O ne prem en­
opausal patien t w ith a cellular m eningiom a o f  the cer­
vical spinal cord achieved m inor decrease in tum or 
m ass, as dem onstrated by M R imaging, accom panied 
by  resolution o f  a  tum or-related occipital headache. Re­
grow th  o f  her m eningiom a occurred after 24 m onths 
o f  m ifepristone therapy. One postm enopausal patient 
w ith  m eningothelial m eningiom a o f  the cavernous si­
nus dem onstrated a  m inor decrease in tu m o r mass on 
C T  scanning. A n M R  study in another premenopausal 
p a tien t with cellular m eningiom a o f  the cavernous si­
nus show ed a  m in o r decrease in tum or mass. Subjective 
im provem ent tended  to appear w ithin 2 to  3 m onths 
o f  th e  initiation o f  mifepristone therapy while m inor 
objective regression (decrease in cross-sectional tum or 
size by approxim ately 1 0 %) was generally noted after 6  

to  1 2  m onths.
O n ly  three o f  the  14 patients had direct disease 

progression while undergoing therapy. O ne patient with 
a  m eningothelial m eningiom a o f  the cervical spinal 
co rd  had tum or progression after 8  m onths o f  therapy. 
T h e  o th er two patients were those with the m ost malig­
n a n t histologies. M alignant m eningiom a an d  lung me- 
tastases in one patien t progressed 2  m onths after begin­
n ing  therapy. T h e  second patient, who had undergone 
m ultip le  attem pted  resections o f  a  cerebral meningi­
o m a  over a  13-year period with increasing histological 
m alignancy, had tu m o r progression after 6  m onths o f 
therapy.

S id e  E ffects
All 14 patients were evaluable for side effects. Long­

term  therapy w ith mifepristone was well tolerated 
(T ab le 3). T he m ost com m on side effect was mild to 
m odera te  fatigue which developed in 11 patients. Both 
prem enopausal patients experienced cessation o f  men­
ses w hich con tinued during the course o f  treatm ent. 
M enses returned in  both cases after discontinuation o f 
trea tm en t. Three o f  the six m ale patients developed 
ten d er palpable gynecomastia during the first several 
m o n th s o f  therapy and  three o f them  noted interm ittent 
ho t flashes. One prem enopausal and  one postm enopau­

sal patient also noted hot flashes. Tw o fem ale patients 
noted mild transient thinning o f  the hair. N o patient 
noted  sexual dysfunction or a  change in libido. Increase 
in serum  cortisol and decrease in thyroxine levels were 
noted and may explain some of the o ther observations 
(SM  Grunberg, unpublished data). Detailed analyses o f 
horm onal param eters are presently underway.

Tw o patients chose to discontinue m ifepristone ther­
apy. In one patient this decision was due to increasing 
pedal edem a after 3 m onths o f therapy. However, re­
view o f  medical records revealed that pedal edem a had 
begun to increase prior to initiation o f  m ifepristone 
therapy. O ne premenopausal patient chose to  discon­
tin u e  therapy after 9 m onths due to  concern over 
cessation o f  menses.

Discussion

M ifepristone
Although mifepristone was originally designed and 

has been most extensively studied for term ination  o f  
pregnancy and potential contraceptive purposes,'-*-" 
the  potent activity o f  this agent a s  a  progesterone an­
tagonist and its significant activity as a  glucocorticoid 
antagonist have raised the possibility o f  num erous o ther 
therapeutic applications. N iem an. et a l.,24 reported the 
case o f  a  patient with Cushing's syndrom e treated with 
daily oral adm inistration o f mifepristone for 9 weeks at 
doses ranging from 5 to 20 mg/kg/day. Im provem ent 
in clinical sym ptom s as well as in glucocorticoid-related 
endocrinological variables were noted during  therapy.

Rom ieu, et al.,2' and  Klijn, et a l.,'2 reported trials 
o f  mifepristone as second-line horm onal therapy .after 
tam oxifen in postm enopausal patients with m etastatic

TABLE 3
S id e  effects o f  long-term treatment with m ifepristone

Side Effect
No. of Patients*

Premenopausal Postmenopausal Male

cessation o f menses 2/2 NA NA
hot flashes 1/2 1/6 3/6
gynecomastia 0 0 3/6
partial alopecia 0 2/6 0
fatigue 2/2 4/6 5/6

* Numbers of patients are presented as alTcctcd patients/total num ­
ber o f  patients in that group. NA =  not applicable.
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breast cancer. R om ieu , el a!., treated 22 patients with 
m ifepristone, 200 m g/day, fo r periods o f  1 to 3 m onths. 
T hree patients achieved 50% regression o f  skin lesions 
while eight patien ts experienced a decrease in levels 
o f  carcinoem bryonic antigen. K lijn, et al., treated 1 i 
patients and  no ted  a  partial response o f  lymph node 
m etastases in one. T h e  present study is the first report 
o f  m ifepristone therapy  for m eningiom a, a  tum or for 
w hich the  po tential o f  progesterone to  act as a  growth 
factor has only recently  been appreciated.

P rogesterone R ecep tors
Progesterone m odulation  would be m ost promising 

for tum ors in  w hich  the progesterone receptor level is 
high. Progesterone receptor levels could not be meas­
u red  in m ost o f  o u r  patients. Some patients were re­
ferred to o u r institu tion  with recurrence o r persistence 
o f  m eningiom a m onths o r  years after the original sur­
gical procedure. In  o ther patients it was impossible tti 
obtain sufficient tissue for horm one receptor assays due 
to  the  unresectable location o f  the  tum or itself. How­
ever, due to th e  high frequency (72%) o f  progesterone 
receptor positi v ity noted in meningiom as in multiple se­
ries over the  past decade,-’1'7'12'13'16-17"” "21' ' ' '29'30"'""'"'4'35''” ''1’ 
we felt th a t a  tria l o f  mifepristone for all patients with 
unresectable m eningiom a was reasonable.

Analysis o f  Results
W e are encouraged by the  tu m o r regression noted in 

five o f  the  13 evaluable patients. All five had objective 
signs o f  regression after 6  to  1 2  m onths o f  therapy, 
while three patien ts also experienced subjective im ­
provem ent w ith in  2 to  3 m onths. M this study, the 
criteria were n o t as strict as those generally used for 
partial response o f  m alignant neoplasms (50% shrink­
age); however, a  relatively benign tum or such as me­
ningiom a m ight n o t be expected to  dem onstrate the 
rapid 50% shrinkage characteristic o f  a  responding mal­
ignant neoplasm . In addition, tum ors within the closed 
space o f  the skull o r  spinal cord may cause significant 
neurological deterioration  w ith  progression o f  less than 
25% an d  m ay be associated with marked clinical im ­
provem ent w hen there is regression o f  a  sim ilar mag­
nitude.

Tw o o f  the  three patients who directly developed 
progressive disease while on  m ifepristone therapy were 
those w ith the  m o st m alignant histologies. Lesch, et 
a l.,11 suggested th a t a  low er incidence o f  progesterone 
receptor positi v ity m ay be seen in anaplastic m enin­
gioma. Thus, m alignant m eningiom a m ay no t be an 
appropriate histology for trials o f  horm onal modula­
tion, Previous clinical studies with mifepristone have 
concentrated on  m edium -term  therapy in postm eno­
pausal pa tien ts 15-31 an d  short-term  therapy in prem en­
opausal patients . 1"23  W e have dem onstrated that ex­
tended cessation o f  m enses in  premenopausal women 
and  gynecom astia an d  h o t flashes in m en may also be 
observed afte r long-term  therapy o f  these paiien! 
groups.

Long-T erm  Therapy
The experience with o u r patient population indicates 

that long-term therapy with daily oral m ifepristone for 
periods o f  2 years o r m ore is feasible an d  tolerable. All 
o f  our patients who were em ployed a t the  initiation o f  
therapy were able to  continue in their w ork, although 
som e decreased their workload due to fatigue. One pa­
tient who was disabled a t the  initiation o f  therapy was 
able to return to work as extraocular m uscle function 
im proved and diplopia decreased. Experience with ta­
moxifen in breast cancer indicates th a t long-term ther­
apy may be necessary for m axim um  efiect . 11 The ability 
to deliver an  antiprogestational agent for a  period o f  
several years may have sim ilar im plications for proges­
terone-dependent tum ors.

A lthough the daily dose o f m ifepristone was selected 
so as to fall in a range tha t would achieve potent an ti- 
progestational activity w ithout severe antiglucocorti­
coid activity, we were concerned about the  possibility 
o f  clinical glucocorticoid deficiency after chronic treat­
m ent. Klijn, et a l J s observed an increase in adren­
ocorticotropic horm one and  serum  cortisol levels in 
patients receiving m edium -term  therapy with m ifepris­
tone. N r  patient in our study required initiation o f  
glucocorticoid supplem entation for signs o f  clinical glu­
cocorticoid deficiency. However, one patient who was 
glucocorticoid-dependent prior to  initiation o f  m ifepris­
tone therapy required an  increase in  daily baseline 
glucocorticoid supplem entation for relief o f  significant 
treatm ent-related fatigue.

F uture S tu d ie s
Objective tum or regression observed during th is 

study was m inor, m eningiom as m ay rem ain  stable for 
years even w ithout therapeutic intervention. These re­
sults m ust therefore be considered prelim inary and  will 
require confirm ation in larger controlled studies. H ow ­
ever, it should be noted that 1 1 o f  th e  patients in th is 
trial had dem onstrated objective o r sym ptom atic p ro ­
gression o f  disease p rio r to study entry. O ur observa­
tions o f  the activity o f  mifepristone in treating un re­
sectable m eningiom a represent a  fascinating correlation 
o f  in vitro  da ta  on tu m o r biology with the clinical 
application o f an appropriately designed pharm aco­
logical agent. Increased appreciation o f  the role o f  ste­
roidal horm ones as potential growth factors in sp e c ific  
situations may lead to  new therapeutic avenues.

Acknowledgments

We thank Drs. Frederick Hochberg, David Malinc, Kath­
leen Egan. Robert Hepler. John Frazec, and Jerry Grossman 
for referra! of patients to this study, Drs. Catherine Dubois 
and Andre Ulmann for providing mifepristone, and Ms. San­
dra Cowthran far secretarial assistance.

References

1. Baulieu EE: Contragestion and other clinical applications 
o f RU486, an amiprogeslerone at she receptor. Science 
245:1351-1357. 1989

J. Neurosur#. /  Volume 74/Ju n e , 199i 865



S. M. Gmnberg, et al.

2. Benzel EC. Gcldcr FB: Correlation between sex hormone 
binding and peritumoral edema in intracranial menin­
giomas. Neurosurgery 23:169-174, 1988

3. BickerstaIT ER, Small JM, Guest IA: The relapsing course 
of certain meningiomas in relation to pregnancy and 
menstruation. J  Neurol Neurosurg Psychiatry 21:89-91. 
1958

4. Blankenstcin MA, Blaauw G, Lamberts SWJ, et al: Pres­
ence o f progesterone receptors and absence of oestrogen 
receptors in human intracranial meningioma cytosols. 
Eur J  Cancer Clin Oncol 19:363-370. 1983

5. Blankenstcin M A. van dec Meulen-Dijk C. Thijssen JHH: 
Assay o f oestrogen and progestin receptors in human 
meningioma cytosols using immunological methods. Clin 
Chim Acta 165:189-195, 1987

6. Blankenstcin MA. van't Veriaal JW. Croughs 1UM: Hor­
mone dependency of meningiomas. Lancet 1:1381. 1989 
(Letter)

7. Courrierc P, Tremoulet M. Eche N, et al: Hormonal 
steroid receptors in intracranial tumours and their rele­
vance in hormone therapy. Eur J  Cancer Clin Oncol 21: 
711-714, 1985

8. Couzinet B, Le Strat N. Ulmann A. cl al: Termination of 
early pregnancy by the progesterone antagonist RU 486 
(mifepristone). N Engl J  Med 315:1565-1570, 1986

9. Cushing H, Eisenhardt L: Meningiomas rising from the 
tuberculum sellae with the syndrome of primary optic 
atrophy and bitemporal field defects combined with a 
normal sella turcica in a middle-aged person. Arch Oph­
thalmol 1:1-41, 1929

10. Donnell MS. Meyer GA. Doncgan WU Estrogcn-receptor 
protein in intracranial meningiomas. J  Neurosurg 50: 
499-502. 1979

11. Entry JK: The association between breast cancer and 
meningiomas. Master’s thesis (Biometry), University of 
Southern California. Los Angeles. California. 1984

12. Grunberg SM. Daniels AM, Muensch H, et al: Correlation 
of meningioma hormone receptor status with hormone 
sensitivity in a tumor stem-cell assay. J  Neurosurg 66: 
405-408. 1987

13. Ironside JW , Batlersby RDE. Dangerfield VJM. et al: 
Cryostat section assay of oestrogen and progesterone re­
ceptors in meningiomas: a clinicopathological study. J  
Clin Pathol 39:44-50. 1986

14. Kepes JJ: Meningiomas. Biology, Pathology, and Differ­
ential Diagnosis. New York: Masson. 1982. pp 17-19

15. Klijn JGM. de Jong FH. BakkerGH. et al: Antiprogestins. 
a new form o f endocrine therapy for human breast cancer. 
Cancer Res 49:2851-2856. 1989

16. Kornblum JA. Bay JW. Gupta MK: Steroid receptors in 
human brain and spinal cord tumois. Neurosurgery 23: 
185-188. 1988

17. Lesch KP. Schott W, Engl HG, et al: Gonadal steroid 
receptors in meningiomas. J  Neurol 234:328-333. 1987

18. Love RR: Tamoxifen therapy in primary breast cancer: 
biology, efficacy, and side effects. J  Clin Oncol 7: 
803-815, 1989

19. Manganiello PD. Mcltz RC. Andros GJ: Probable para- 
sellar meningioma in a pregnant woman. Obstet Gynecol 
53:43-46. 1979

20. Markwalder TM. Zava DT. Goldhitsch A. et al: Estrogen 
and progesterone receptors in meningiomas in relation to 
clinical and pathologic features. Surg Neurol 20:42-47. 
1983

21. Martuza RL, Miller DC. MacLaughlin DT: Estrogen and 
progestin binding by cytosolic and nuclear fractions of 
human meningiomas. J  Neurosurg 62:750-756. 1985

22. Michclsen JJ . New PFJ: Brain tumour and pregnancy. J

Neurol Neurosurg Psychiatry 32:305-307, 1969
23. Nieman LK, Choate TM, Chrousos GP, et al: The pro­

gesterone antagonist RU 486. A piltential new contracep­
tive agent. N Engl J  Med 316:187-191, 1987

24. Nieman LK. Chrousos GP, Kellner C, et al: Successful 
treatment of Cushing’s syndrome with the glucocorticoid 
antagonist RU 486. J  Clin Endocrinol Metab 61: 
536-540. 1985

25. Olson JJ. Beck DW. Schlechte J. et al: Hormonal manip­
ulation o f meningiomas in vitro. J  Neurosurg 65: 
99-107. 1986

26. Olson JJ. Beck DW, Schlechte JA, et al: Effect of the 
antiprogesterone RU-38486 on meningioma implanted 
into nude mice. J  Neurosurg 66:584-587, 1987

27. Pertuiset BF, Moguilewsky M, Magdelenat H, et al: Sex 
steroid receptors in human meningioma and glioma. Prog 
Cancer Res Ther 31:561-568, 1984

28. Press MF. Greene GL: Localization of progesterone re­
ceptor with monoclonal antibodies to the human proges­
tin receptor. Endocrinology 122:1165-1175, 1988

29. Punnonen R, Kuumc T: Estrogen and progestin receptors 
in intracranial tumors. Hormone Res 27:74-77, 1987

30. Reubi JC. Maurer R. Klijn JGM, et al: High incidence 
of somatostatin receptors in human meningiomas: bio­
chemical characterization. J  Clin Endocrinol Metab 63: 
433-438. 1986

31. Romicu G. Maudelonde T, Ulmann A, et al: The anti- 
progestin RU486 in advanced breast cancer, preliminary 
clinical trial. Bull Cancer 74:455-461, 1987

32. Schncgg JF, Gomez F, LcMarchand-Beraud T, et al: 
Presence of sex steroid hormone receptors in meningioma 
tissue. Surg Neurol 15:415-418, 1981

33. Schoenberg BS. Christine BW, Whisnant JP: Nervous 
system neoplasms and primary malignancies of other 
sites. The unique association between meningiomas and 
breast cancer. Neurology 25:705-712. 1975

34. Tilzer LL. Plapp FV, Evans JP, et al: Steroid receptor 
proteins in human meningiomas. Cancer 49:633-636. 
1982

35. Vaquero J. Marcos ML, Martinez R, et al: Estrogen- and 
progesterone-receptor proteins in intracranial tumors. 
Surg Neurol 19:11-13, 1983

36. Weyand RD. MacCarty CS, Wilson RB: The effect of 
pregnancy on intracranial meningiomas occurring about 
the optic chiasm. Surg Clin North Am 31:1225-1233. 
1951

37. Whittle IR. Foo MS. Besser M, et al: Progesterone and 
oestrogen receptors in meningiomas: biochemical and 
clinicopathological considerations. Aust NZ J Surg 54: 
325-330. 1984

38. Whittle IR. Hawkins RA. Miller JD: Sex hormone recep­
tors in intracranial tumours and normal brain. Eur ̂  Surg 
Oncol 13:303-307, 1987

39. Yu ZY. Wrange O, Haglund B. et al: Estrogen and 
progestin receptors in intracranial meningiomas. J  Ster­
oid Biochem 16:451-456. 1982

Manuscript received August 24. 1990.
Accepted in final form November 16. 1990,
This study was supported in part by grants from Roussel- 

UCLAF and the Alice and Julius Kantor Charitable Trust.
Address for Dr. Spitz: Center for Biomedical Research. 

Population Council. New York, New York.
Address reprint ret/uesls to: Steven Grunberg, M.D.. Di­

vision of Medical Oncology, University ofSouthcrn California 
Comprehensive Cancer Center, 2025 Zonal Avenue, Room 
GH 10-436, Los Angeles, California 90033.

866 J. Nettmsttrp. /  Volume 74 /Ju n e . 1991





CONTRACEPTION

PREGNANCY TERMINATION WITH A HIGH AND MEDIUM 
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ABSTRACT

Sixty  h ea lth y  pregnant women who wished to te rm in a te  t h e i r  pregnancy 
and who were no more than 49 days pregnant were tre a te d  with one o f th ree  
d if fe re n t  dose regimens o f a sy n th e tic  p ro g este ro n e  re c e p to r  b lo c k e r , RU 
486. Serum c o r t i s o l  was m easured to  d e term ine  th e  a n tig lu c o c o r tic o id  
e f fe c ts  o f  th i s  compound.

The h ig h  dose b u t s h o r te r 't r e a tm e n t  regimen (400 mg/day RU 486 X 4 
days or 200 mg/day X 4 days) was a s s o c ia te d  w ith  a h ig h  (>80%) r a te  o f  
s id e  e f f e c t s ,  e sp e c ia lly  nausea, vomiting, weakness and heavy bleeding and 
a low ra te  o f  success (10 %), A group o f  50 su b jec ts  re c e iv e d  th e  medium 
dose b u t lo n g e r  tre a tm e n t regimen (100 mg/day X 7 days). This group had 
le s s  side  e f fe c ts  (40-60%) and a 72.3% success r a te  o f  complete abortion .

The AM c o r t i s o l  v a lu es  were s ig n if ic a n tly  elevated  in  a l l  treatm ent 
groups but h igher in  those receiv ing  the high dose. These values re tu rn e d  
to  normal one week following cessa tio n  o f treatm ent.

Medium dose  b u t lo n g e r d u ra t io n  (100 ng/day X 7 days) o f  RU 486 
tre a tm e n t i s  a s s o c ia te d  w ith  a higher success ra te  and le ss  side  e f fe c ts  
than higher dose therapy adm inistered over a sh o rte r  period . There were no 
p r e d ic t iv e  in d ic e s  to  determine which su b jec ts  would respond su ccessfu lly . 
The reason fo r the  f a i lu re  o f  the drug in  30% of the subjects, on the medium 
dose i s  not known a t  th is  time.
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INTRODUCTION

With the in crease  in demand for pregnancy term ination , the se a rc h  fo r 
a n o n -s u rg ic a i  b u t e f f e c t iv e  a b o r t i f a c ie n t  has in c ite d  new in te r e s t .  To 
d a te , prostag land in  analogues have been the  only  compounds used in  la rg e  
c l in ic a l  t r i a l s .  They have an average success r a te  o f about 64% (1 ,2 ) , but 
the  frequency o f  s id e  e f fe c ts , e sp e c ia l/  d ia rrh ea  and vom itin g , have been 
high (3 ,4 ).

S ince  p ro g e s te ro n e  p la y s  an in d isp e n s a b le  r o le  in  im p lan tio n  and 
support o f early  pregnancy, e f fn r ts  have been made to  develop a compound 
th a t  e ith e r  in te r fe re s  with progesterone ac tio n  o r sy n th e s is . RU 486 (17 0- 
bydroxy-11 &4-dimethyl-aminophenyl-17B-propynl e s t ra -4 ,9 -d ie n -3 -o n e )  i s  a 
new s y n th e tic  s t e r o id  which a c ts  aa an a n ta g o n is t  to  p rogesterone  and 
g lucocortico id  a t  the receptor lev e l (5 -7 ). P re lim inary  r e s u l t s  in d ic a te  
t h a t  RU 486 can  be used e f fe c tiv e ly  to  term inate e a r ly  pregnancy, but the 
frequency of incomplete abortion  has been high (8-11).

In the p resen t study, the  efficacy  and to le ran ce  o f  d if fe re n t doses o f 
t h i s  compound in  te rm in a tin g  e a r ly  pregnancy were in v e s t ig a te d .  In 
a d d i t io n ,  s in c e  RU 486 i s  a ls o  9 g lu c o c o r t ic o id  a n ta g o n is t ,  the a n ti­
g lucocortico id  e f fe c t  of these d if fe re n t dosages were examined.

MATERIAL AND METHODS

SUBJECTS STUDIED
A group o f  60 h e a lth y  women d e s i r in g  e a r ly  term ination  who were no 

more than 49 days (7 weeks) pregnant as c a lc u la te d  from th e  f i r s t  day o f  
t h e i r  l a s t  norm al m en stru a l c y c le  were s e le c te d  fo r  t h i s  s tu d y . A ll 
su b je c ts  were volunteers and a w ritten  informed consent was signed p rio r  to 
e n te r in g  the  study . Inclusion  c r i t e r i a  included a p o s itiv e  pregnancy t e s t  
with a pe lv ic  exam ination r e v e a lin g  a u te r in e  s i z e  c o n s is te n t  w ith  th e  
g e s ta t io n a l  age as determ ined  by d a te  o f  onset o f  l a s t  menses. Medical 
h is to ry , physica l examination and e l e c t r o l y t e ,  com plete  blood count and 
serum c h e m is tr ie s  were a l l  norm al. A r e a l  time u ltrasound examination 
(ADR 4000 SL) was done p r io r  to  treatm ent as another measure o f  g es ta tio n a l 
ag e . S u b je c ts  were excluded  from th e  stu d y  i f  th e y  had any s ig n s  or 
symptoms of threatened abortion , c l in ic a l  evidence o f  c e rv ic a l incompetence 
or recen t use c f  g lucoco rtico ids.

On th e  day tre a tm e n t was in i t i a te d ,  food and water were withheld for 
two hours b e fo re  and fo llo w in g  drug a d m in is t r a t io n .  RU 485 t a b l e t s  
( su p p lie d  by R o u a se l-U c la f , R o m ain v ille , France, as 50 mg ta b le ts )  were 
ingested  a t  8:00 AM and 6:00 PM according to  the fo llow ing  regim ens. High 
dose : 400 mg/day X 4 dayg (N=5) o r 200 mg/day X 4 days (N=5). Medium
dose: 100 mg/day X 7 days (N=50).

A s u c c e s s fu l  abortion was defined as susta ined  vaginal bleeding and a 
steady d e c lin e  in  &-HCG. In c id en ce  o f  s id e  e f f e c t s ,  tim e o f o n se t o f 
bleeding# du ration  and estim ate of amount o f  bleeding were a l l  recorded.

METHODS
Blood sam ples for &-HCG, e s tra d io l  ([%), progesterone (P ), c o r t is o l ,  

hematology and SMA-18 were drawn a t 8:00 AM ju s t  p r io r  to  in g es tio n  o f  th e  
f i r s t  t a b l e t ,  4 , 8 and 15 days a f t e r  i n i t i a l  tre a tm e n t and then weekly 
u n t i l  normal. Previously reported  (12-14) double antibody radioimmunoassays 
were used for B-HCG, 2% and P. Plasma c o r t is o l  le v e ls  were determined by
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Core E ndocrine L ab o ra to ry , The M ilton  S. Hershey M edical C e n te r, The 
Pennsylvania S ta te  U n iv e r s i ty , H ershey, P e n n sy lv a n ia . R e su lts  a re  ex­
p re ss e d  as mean + SE and th e  s t u d e n t 's  t - t e s t ,  p a ire d - t  and ch i square 
t e s t  were used for s t a t i s t i c a l  an a ly s is .

RESULTS

HIGH DOSE
Three o f  10 p a t i e n t s  re c e iv in g  th e  h igh  dose complained o f  mild to 

m o^jrate headaches. E ight p a tie n ts  complained o f moderate to severe nausea 
and v o m itin g , and 8 o f  weakness and t i r e d n e s s .  One p a tie n t on the 400 
mg/day requ ired  h o sp ita liz a tio n  for hyperemesis.

A ll su b jec ts  experienced u te r in e  bleeding which was extremely heavy in  
8 o f the 10 women. A ll but one began bleeding by the fourth day a f t e r  the  
i n i t i a t i o n  o f  m edication  (mean onset 3 .2  days). Three women receiv ing  the 
400 mg/day dosage and 2 re c e iv in g  th e  200 mg/day dosage re q u ire d  an 
emergency cu re ttag e  fo r heavy b leed ing . Although the hem atocrit had fa llen  
to  < 30% (mean 28.2%) in  these 5 su b je c ts , no tran sfu sio n s were necessary.

Only one s u b je c t  who received the 200 mg/day regimen and none o f  the 
5 su b je c ts  in g e s t in g  th e  400 mg dose had a su c c e s s fu l  te rm in a tio n  o f 
pregnancy with the use o f  RU 486 alone. The 9 o ther su b jec ts  had a su rg ica l 
term ination  o f  th e i r  pregnancy e i th e r  as an .emergency procedure (n=5) or as 
e l e c t i v e  su c tio n  c u re t ta g e  on day 14 a f t e r  in g e s tio n  o f  the l a s t  p i l l  
(n=4). B-HCG le v e ls  did not decline  in  th ese  4 s u b je c ts  d e s p ite  u te r in e  
b leeding.

Mean c o r t i s o l  le v e ls  were s ig n if ic a n tly  increased  4 and 8 days a f te r  
i n i t i a l  treatm ent in  both the 400 and 200 mg treatm ent groups (F ig u re  1 ) .  
The i n i t i a l  AM c o r t i s o l  l e v e l s  (mean 15 .4  + 2 .3 ug /d l) rose two-fold by 
day 4 (mean 3 0 ,4  + 2 .3  u g /d l ,  p< 0 .0 5 ) a f te r  the  200 mg dose. Only one 
p a t i e n t ,  how ever, was above th e  norm al range (10-30 u g /d l ) .  The AM 
c o r t i s o l  in c re a s e d  on day 4 to  a mean of 36 .6+ ^4  ug/dl a f te r  the 400 mg 
dose (p<0.01 compared to i n i t i a l  b a s e l in e ) .  Of th e  5 s u b je c ts ,  4 had 
v a lu e s  above th e  normal l e v e l s .  C o rtiso l lev e ls  on day 8 a f te r  treatm ent 
n m a in e d  s i g n i f i c a n t l y  e le v a te d  in  s u b je c ts  re c e iv in g  th e  200 mg/day 
(p< 0 .05 ) and 400 mg/day (p<0.Q1) dosage bu t re tu rn e d  to base line  by 15 
days. Although the  day 4 values were g rea te r  in  those receiv ing  th e  400 mg 
dose, the re  were no s ig n if ic a n t  d iffe ren ces between the 2 treatm ent groups.

MEDIUM DOSE
Of th e  50 p a t i e n t s  re c e iv in g  100 mg/day X 7 days, 3 su b jec ts  were 

unable to com plete  th e  p ro to c o l because o f  p e rso n a l problem s and were 
dropped from th e  s tu d y . Of the remaining 47, 34 (72.3%) had a successfu l 
term ination  o f  pregnancy and 13 were fa i lu re s .

S id e  e f f e c t s  included heavy bleeding (59%), nausea or vomiting (40%), 
u te rin e  cramps (42%) and headaches (9%). These s id e  e ffe c ts  were su c c e ss ­
f u l ly  t r e a te d  by analgesics and an tiem etics . Some o f the symptoms such as 
nausea, occur in  normal pregrfancy and i t  was d i f f i c u l t  to  d e term ine  i f  
these side  e f fe c ts  were drug re la te d .

B le e d in g /s p o tt in g  began 2 ,4  + 0 .1 days a f te r  s ta r t in g  treatm ent in 
th e  group who a b o rte d  and on day 3.2 + 0 ,4  days (p<0.01) in the group who 
fa ile d  to ab o rt. The to ta l  number o f days o f  b le e d in g /s p o t t in g  was 13.5
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DAYS AFTER FIRST PILL

F ig u re  1 . Upper p anel: Mean AM c o r t is o l  during and a f te r  treatm ent with
200 mg/day X 4 days (e) or 400 mg/day X 4 days (o ).

Lower panel: Mean AM c o r t is o l  during and a f te r  treatm ent with 100 mg/day X 
7 days? (#) su ccessfu l abo rtio n s, (o) fa ilu re s .
*= p<0.05, **= p<0,01 compared to i n i t i a l  pretreatm ent le v e l.

Bar rep re sen ts  treatm ent days with RU 486.

+ 1 .4  in  th e  group who ab o rted  and 8 .0  + .1 .5  in  the group which fa ile d  
Tp<0.05). There were 4 p a tie n ts  whose hemoglobin le v e ls  F e ll  more th an  3 
gm% to  l e s s  th an  10 gm%. The lo w est va lue  was 8 .7  gm%. However, no 
p a tie n t  required  tran sfu s io n , and in  a l l  sub jects hem atocrit and hemoglobin 
re tu rn e d  to  p re tre a tm e n t le v e l s  by day 21. The hemoglobin lev e l in  31 
p a tie n ts  f e l l  le s s  than 1 gm% and the remaining 12 p a t ie n ts  had a f a l l  o f  
hemoglobin from 1 to  3 gm%.

Mean p re tre a tm e n t 8-HCG le v e l s  tended to be lower in  the group who 
a b o rte d  (28 ,117 + 3464 mlU/ml) as compared to those who fa iled  (42,918 
+ 8144 mlU/ml) b u t were not s ig n if ic a n tly  d if fe re n t (p=0,056). Baseline P
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l e v e l s  in  th e  group th a t aborted were lower than in  the group th a t fa ile d  
(22 .1  + 1 .7  vs 25*5 + 2 .3  ng/m l) b u t th j  , d i f f e r e n c e  was also  not 
s ig n if ic a n t .  Baseline e s tra d io l  lev e ls  were sim ila r  in  both groups (848 ,7  
+ 82 .8  vs 894.0  + 154,4 p g /m l) . Of th e  19 p a t ie n t s  w ith  an i n i t i a l  
&-HCG < 20,000, 16 (84.7%) aborted . Of the 16 p a tie n ts  with an i n i t i a l  P < 
18 ng/ml, 13 (81%) aborted.

There was no s ig n i f i c a n t  d if f e r e n c e  between the 2 groups when com­
paring days from la s t  m enstrual p e rio d  (45.1 vs 44 .9  days) or weeks o f  
g es ta tio n  as determined by u ltrasound  (5 .9  vs 4 .9  wks).

There was a s ig n if ic a n t in c r e a s e  in  AM c o r t i s o l  v a lu e s  in  both  th e  
s u c c e s s fu l  and f a i l u r e  groups 4 and 8 days a f te r  the s t a r t  of treatm ent 
(p<0,01 and p<0.05 compared to  b a s e l in e  v a lu e s )  (F ig u re  1 ) .  There were 
how ever, no s ig n i f i c a n t  d i f f e r e n c e s  between th e  groups who aborted and 
those who did no t. The- AH c o r t is o ls  re tu rn ed  to  normal by day 15 in  a l l  
s u b je c ts .  There were 18 p a t i e n t s  (3855) t h a t  had e le v a t io n s  above the  
normal range for AM c o r t i s o l*  The AM c o r t i s o l  v a lu es in  th e  high dose 
group were s i g n i f i c a n t ly  g r e a te r  (p< 0 .05) than  th e  s u b je c ts  usinu the 
medium dose regimen on treatm ent day 4.

DISCUSSION

A higher ra te  o f  success and lower incidence o f  side  e f fe c ts  o ccu rred  
w ith  th e  lo n g e r b u t medium dose tre a tm e n t regimen (100 mg X-7 days) 
(p<0,001) as compared to the high dose regimens. In most s tu d ie s ,  RU 486 
h as been shown to  be a progesterone antagonist with no agon ist p ro p e rtie s . 
However, in  one study in  postmenopausal women receiv ing  e s tra d io l benzoate 
p re tre a tm e n t, RU 486 did d isp lay  an ag o n is tic  effect* on DNA polymerase and 
e s tra d io l dehydrogenase (15) when m easured in, t i s s u e  o b ta in e d  by endo­
m e tr ia l  b io p s ie s .  I f  RU 486 does have some a g o n is t  e f f e c t s ,  th is  may 
explain why the  high doses were le s s  su ccessfu l.

On th e  o th e r  hand, RU 486 in  h igher dose may be more d es tru c tiv e  to  
the endometrium and prevent prostag land in  a c t iv i ty ,  thus reducing u te r in e  
c o n t r a c t i l i t y  and h e m o s ta s is . T h is a c tio n  may account fo r  the h igher 
incidence o f  heavy bleeding req u irin g  emergency c u r e t ta g e  in  women u sin g  
th is  dosage regimen.

I t  i s  a ls o  co n ce iv ab le  th a t  the increased an tig lu co co rtico id  e f fe c ts  
o f the higher dose regimen may play a ro le . The AM c o r t is o l  le v e ls  in  th e  
2 h ig h e r  dosage groups were h ig h e r  on day 4 as compared to  the su b je c ts  
receiv ing  the lower dose and c o r t is o l  may have p ro g e s ta t io n a l  e f f e c t s  a t  
high le v e ls .

H aspels (16) re p o rte d  a com plete a b o r t io n  r a te  o f  79% in 24 preg­
nancies which were le ss  than 55 days, when tre a te d  with a dose o f RU 486 of 
200 mg X 4 d ay s . The d if fe r e n c e  betw een th i s  stu d y  and ours cannot be 
explained.

The r e s u l t s  o f  t h i s  study in d ica te  th a t RU 486 i s  a highly promising 
medication for the  non-surgical te rm in a tio n  o f  pregnancy . However, th e  
optimal dosage regimen has not yet*been es tab lish ed .
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ABSTRACT
RU486, a potent antiprogesterone steroid was administered to 124 
women requesting therapeutic abortion. All were less than 49 days 
from their last menstrual period. Ten of these subjects (Group I) 
received high doses of RU486 in a decremental dose regimen (400, 
300, 200 and 100mg/day) over 4 successive days and 14 received 
50mg/day for 7 days (Group XI). A further 50 subjects (Group III) 
received 1OOmg/day for seven days and the remaining 50 subjects 
(Group IV) received 450mg in a single dose. In the first three 
groups, half the daily dose was given in the morning and the 
remainder in the evening. Blood was collected before, and on Days 
4 and 7 and then once a week after commencing therapy until 
disappearance of circulating BHCG. In addition to BHCG, 
estradiol-17J3 (E2), progesterone (P), cortisol, and various 
metabolic and hematological parameters were measured. Plasma RU486 
concentrations were also assayed in Group II, III and IV subjects
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on Day 7 of therapy and in some cases on Days 14 and 21. 
Ultrasonography was performed in all cases on Day 1 and on Day 14. 
All the patients bled within five days following RU486 
administration, for 1 to 21 days. A complete abortion occurred in 
60% in Group I, 50% in Group II, 86% in Group III, and 80% in 
Group IV. The difference between the last two groups and the first 
two was significant at p < 0.01. The non-responders were submitted 
to a uterine vacuum aspiration.
A stepwise discriminant analysis was performed and indicated that 
the best predictors of the outcome of therapy were 6HCG values and 
the gestational sac diameter. With these criteria,the prediction 
was accurate in 86.4% of the cases. The best results were obtained 
in the cases where the ultrasonic measurement of gestational sac 
was under 10mm in diameter and the initial BHCG values under 
1 5, 000mI*J/ml.
Among the observed side effects were moderate pelvic cramps 
(20.9%), nausea (27%), fainting (4.8%); 61.3% of the women 
complained of fatigue. Heavy bleeding occurred in 15.3% of the 
women but only one of them required blood transfusion.
In the patients with complete abortion, BHCG values decreased to 
below 500mIU/ml by Day 14 (but in 11 cases values fell below 
2,OOOmlu/ml only by Day 21). Plasma estradiol and progesterone 
also fell. Cortisol levels increased during therapy especially in 
subjects of Group I, but returned to basal values after 
termination of treatment.
Pathological findings showed only partial necrosis of the decidua 
compacta whilst the deeper layer of the endometrium (decidua 
spongiosa) remained unaltered. Chorionic villi also remained 
intact after therapy.
It is concluded that RU 486 is an interesting and novel medical 
alternative to vacuum aspiration. In this limited study, there was 
no evident dose-dependent effect, but a time-related effect, as 
better results were obtained when conceptus size was under 10mm at 
ultrasonography. The effects of RU486 appear to be limited to the 
superficial layer of the endometrium. This may explain why it is 
more effective in the very early stages of the pregnancy.

INTRODUCTION
Progesterone plays a key role in ovum implantation and pregnancy 
maintenance (1) and its withdrawal induces abortion in animals 
( 2 ) .

RU486 [17B-hydroxy, 11B-(4-dimethylaminophenyl) - 17ct-(1 
propynyl), estra-4, 9-dien-3-one), a steroid synthesized by 
Roussel Uclaf, Paris, France, has recently been shown to be a 
potent antiprogestational compound able to interrupt early 
pregnancy in humans (3-5). RU486 binds to both progesterone as
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well as to glucocorticoid receptors and competes with these 
natural steroids at their receptor sites (6-8).
Different studies have shown that the rate of pregnancy 
interruption with RU486 is about 60 to 85%, depending on the 
therapeutic regimens used and duration of pregnancy (3-5) .
The present dose-finding studies were conducted to determine which 
dose is most effective in inducing abortion. The response of a 
decremental dose regimen of 400, 300, 200 and 1OOmg/day 
administered over 4 consecutive days was compared to that of 50mg 
daily for 7 days, lOOmg daily for 7 days, and a single dose of 
450mg. The products of abortion were collected to assess 
morphology of the decidual endometrium.

METHODS
PROTOCOL DESCRIPTION
The study comprised 124 healthy women applying for legal abortion. 
All had previously documented regular cycles of 26 to 31 days. The 
age of the pregnancy did not exceed 49 days of amenorrhea from 
their last menstrual period. In none of the subjects was there 
evidence of threatened abortion and a pelvic examination show~d a 
uterine size consistent with less than 7 weeks of amenorrhea. 
Subjects were excluded if there was recent use of corticosteroids. 
The nature of the study was carefully explained to all subjects 
who signed an informed consent. The protocol and the use of this 
drug had been approved by the Hospital Ethics Committee.
RU486 was administered orally according to four different 
therapeutic regimens. Initially, it was planned to enroll 50 
patients in each of the,e 4 groups. However, because of poor 
effectiveness and side effects, the trial was terminated earlier 
in the first two groups. Group I (10 patients) received 400mg on 
Day 1, and then 300, 200 and lOOmg on Days 2,3 and 4, respectively 
(decremental dose regimen). Group II (14 patients) received 
50mg/day for 7 days, Group III (50 patients) 1OOmg/day for 7 days 
and Group IV (50 patients) 450mg in a single dose. In Groups I, II 
and III, RU486 was given in two divided doses between 8 and 10 
a.m. and 6 and 8 p.m. No food was permitted one hour before and 
one hour after drug administration.
On Day 1 of the treatment, ultrasonography was performed to assess 
the precise duration of pregnancy and to facilitate comparison 
with a second ultrasonographic examination which was performed on 
Day 14 of follow-up. The patients recorded all bleeding days, 
basal body temperature and other side effects. They were taught to 
examine for passage of products of conception and, when possible, 
to save this material in a fixative solution. When the abortion 
occurred at night, they were instructed to refrigerate the 
material until the next morning.
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The subjects returned to the hospital on Days 4 and 7 (between 9 
and 10 a.m.), then once a week until BHCG levels became 
undetectable. Their blood pressure was recorded pr jr to each 
blood collection. CHCG, progesterone (P), estradiol (E2) and 
cortisol as well as SMA12 and hematology were determined at each 
visit. Plasma levels of RU486 were measured in Groups II, III and 
IV by radioimmunoassay in 108 patients on days 7, 14 and 21 as 
described previously (8). On Day 7 the outcome of the therapy was 
evaluated on the basis of uterine size, the degree of cervical 
opening, amount of bleeding, pathological examination of 
eliminated products and BHCG levels.
On Day 14, a second ultrasonography was performed to assess 
uterine size and contents. Based on the results of the 
ulkrasonography and BHCG levels, it was decided whether to 
terminate the pregnancy by vacuum aspiration. If partial 
elimination had occurred, further ultrasonography and BHCG 
determinations were performed one week later. Vacuum aspiration 
was undertaken if retention was obvious.
After completion of the abortion, the women received counselling 
for effective contraception. Three months later, a questionnaire 
was mailed to all patients asking them about bleeding patterns 
since the abortion date, their final choice of contraception and 
their feelings about their experience with RU486.
HORMONAL MEASUREMENTS
BHCG, E2, P, cortisol and RU486 were determined by previously 
described radioimmunoassay methods (5,8,9,10).
STATISTICAL ANALYSIS
Mean values and standard errors were calculated in responders and 
non-responders of all groups. Significant differences between 
groups were evaluated using classic methods. We then performed a 
stepwise discriminant analysis in order to find the more 
predictive parameter using the BMDP statistical software (11).
This method performed a discriminant analysis between all 
variables measured on Day 1 before administering the therapy (i.e. 
BHCG, P, E2, cortisol, days of amenorrhea, and ovular sac 
diameter). At each step, the variable that adds the most to the 
separation of the groups is entered into the discriminant 
function. Output include.s at each step, F statistics for entering 
variables (11).
PATHOLOGICAL STUDIES
In most of the cases the abortive material and the decidua samples 
were collected in a fixative solution. In Groups I, II anfl III, 
alcoholic Bouin solution was used and picric acid-formaldehyde 
(PAF) solution was used in Group IV. The products of abortion were 
collected by the patients themselves when abortion occurred. They 
were told to collect them in a flask containing Bouin or PAF
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fixative which was given to them on the first day. In the failure 
cases, the products of conception resulting from the extraction 
were immediately collected in PAF solution.

RESULTS
CLINICAL RESULTS: EFFICACY AND TOLERABIEITY
A complete abortion occurre* in 6 out of 10 patients (60%) in 
Group I, 7 out of 14 patients (50%) in Group II, 43 out of 50 
patients (86%) in Group III and 40 out of 50 patients (80%) in 
Group IV. The difference between Groups I and II and III and IV 
was significant at p < 0.01. Of the total cohort of 124 patient.1?, 
96 aborted (77.4%), whereas 28 failed to respond (22.6%).
When the results were evaluated according to days of amenorrhea, 
the poorest results were found in cases with amenorrhea of 43-49 
days (27.2% in Groups I and II) and the best were observed in 
those with amenorrhea of less than 47. days (76.9% in Groups I and 
II)" (Table I). In Groups III and IV,there was no difference 
according to days of amenorrhea.
With the exception of 2 subjects who bled on Day 6 and Day 14, all 
started bleeding within the first five days after coh-nencing 
therapy. The duration of bleeding was 2 to 3 weeks in the 
responders and the blood loss was subjectively, approximately the 
same to twice the amount of the normal menstrual flow. The 
non-responders bled less and for a shorter duration (between 1 and 
3 days) than did the responders. The responders usually aborted 
between Day 3 p ,,u Day 5 although some as early as day 2 or as late 
as Day 15. A total of 19 patients (15.3%) had prolonged heavy 
bleeding of approximately four or five times their normal 
menstrual flow, and four of them experienced a transient decrease 
in blood pressure and fainting. In those patients, hemoglobin 
values decreased up to 9.3% but remained within the normal range. 
The mean ± CJ values were 12.9 ± 1.2g/dl at start and decreased to
11.7 ± 1.5 on day 7. In 3 of these cases (1 in Group II and 2 in 
Group IV'' hospitalization was required as the systolic blood 
pressure Ws) was under 90mmHg in 2. In the third subject (in 
Group II),tnerapy was initiated at 49 days of amenorrhea. Bleeding 
initially occurred on Day 14 after commencing the medication. In 
view of the bleeding it was decided to wait one further week. 
Though heavy bleeding occurred during the next 7 days, the patient 
failed to return to the clinic for the next 7 days. Three weeks 
after commencing therapy her hemoglobin was 5.4g/dl on day 21 and 
she received a 500ml blood transfusion.
No difference was observed between the women who experienced heavy 
bleeding and the others as far as age of pregnancy and initial 
hormonal values are concerned.
Other side effects observed included pelvic cramps (20.9%), na sea 
(27%) and fainting (4.8%), decrease in blood pressure (BP)(0.03%) .
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TABLE X

Responders to RU486 according to number of days of amenorrhea 
or to gestational sac diameter in different therapeutic groups, 
comparing Groups I & XI and Groups XXX & IV

Groups I & II 
n = 24

Groups III & IV 
n = 100

Total 
n = 124

Amenorrhea (days) 
< 42 76.9%

(10/13)
85.3%
(58/68)

83.0%
(68/81)

43-49 27.2%
(3/11)

8 6 .6%
(26/30)

70.7%
(29/41)

Sac diameter (mm) 
< 10 60%

( 6 / 1 0 )
97.6%
(41/42)

90.3%
(47/52)

1 0 - 2 0  

> 20

54.5%
( 6 / 1 1 )

0%
(0/3)

78.7%
(37/47)
16.6%
( 1 / 6 )

74 . 1%
(43/58)
1 1 . 1 %
( 1 / 9 )
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However, when means are considered, no significant difference was 
observed between pre- and post-treatment BP evaluations, except in 
4 of the 19 cases with heavy bleeding. In these 4 cases the mean ± 
SD for BP was 120 i 14.1 (systolic BP) and 75 ± 5.7 (diastolic BP) 
before therapy and after 2 weeks 100 ± 7.0 (systolic BP) and 60 ± 
14.1 (diastolic BP). Fatigue was the most common side effect 
reported by the patients (61.3%). Five subjects, all in Group I, 
experienced transient mild pyrexia up to 38°C. In 19 of the 28 
non-responders, pregnancy was partially interrupted. Partial 
retention of the products accompanied with fever occurred in 7 of 
these 28 cases. This required antibiotic therapy both before and 
after vacuum aspiration. 34 women (27.4%) complained about nausea 
after starting therapy.
No significant changes in SMA12 were observed after RU486 intake 
in any subjects. In all groups mean hemoglobin (Hb) and hematocrit 
values were decreased on Day 7 to about -6 to -8%, compared with 
the initial values. Normal values were evident by Day 28.
In those 19 subjects who had severe bleeding, the mean reduction 
in Hb was only -9.3%. The mean ± SD value for Hb was 12 ± 1.2g/dl 
on Day 1 and 11.7 ± 1.5g/dl on Day 7, indicating a slight 
decrease. The maximum decrease observed on day 7 was in one 
patient of 28.9%, from 12.8 to 9.1g/dl. However, as already 
discussed, in one subject in Group II, Hb decreased from 11.5 to 
5.4g/dl on Day 21 and blood transfusion was required.
ULTRASONOGRAPHY
Ultrasonography on Day 1 showed that the gestational sac size 
varied from undetectable tc 40 mm in diameter. In 5 cases, 
ultrasonography indicated that the pregnancy was more advanced 
than expected from the last menstrual period. There was a definite 
relationship between the outcome of therapy and the size of the 
conceptus as determined by ultrasc ography. Failures were more 
common in those subjects with the largest gestational sacs. When 
the diameter of the gestational sac was under 10 mm, the incidence 
of successful outcome in Groups I and II, and III and IV was 60% 
and 97.6%, respectively. When the diameter of the gestational sac 
was above 20 mm, most of the cases failed to abort (8 out of 9) 
(Table I). In the intermediate range of 10 to 20 mm, a high rate 
of success was still observed in Group III and IV (78.7%) but only 
54.5% was noted in groups I and II (Table I).
On Day 14, ultrasonography showed complete uterine evacuation in 
66 of the 96 responders. In the remaining 30 responders, there was 
still evidence of material in the uterine cavity. In those cases 
who bled initially and eliminated abortive material confirmed by 
the pathologist to be villi and decidual fragments, a conservative 
approach was adopted with weekly 6HCG and ultrasound evaluation.
If BHCG showed a progressive decrease and only incomplete 
evacuation was present at the next ultrasound, we decided to wait 
and see whether spontaneous evacuation would occur.
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Indeed, in 29 out of 30 of these subjects, the abortion was 
subsequently completed between Day 15 and Day 45 after commencing 
therapy, as shown by complete uterine evacuation and return of 
menses.
HORMONAL VALUES (Fig. 1 and 2 and Table II)
1) BHCG (Fig. 1 and Table II)
Mean ± SD BHCG levels for the 4 groups are presented in Fig. 1. 
With one exception, the mean BHCG values were higher in the 
non-responders than in the responder group. On Day 1, this was 
significant (p< 0.00001).
In those subjects who aborted, mean BHCG values decreased rapidly 
and on day 7 after therapy were 13%, 45%, 21.8% and 25.9% of basal 
values in Groups I, II, III, IV, respectively. Of 96 responders,
85 BHCG values were below 500 mUl/ml 14 days after commencement of 
therapy and values were undetectable within 3-4 weeks. For the 11 
other responders, BHCG values were below 2,000 mUl/ml on day 21 
after therapy. In 27 of the 28 cases who failed to abort, the 
anticipated increase in serum BHCG of a normal pregnancy was not 
observed in the time period. For the non-responders, values of 
BHCG expressed as per cent of initial values on Day 7 were 109.3%, 
128.3%, 132.3% and 121.5% in Groups I, II, III and IV, 
respectively. In a single subject from Group III (patient J.U.), 
therapy was initiated at 35 days of amenorrhea with a BHCG value 
of 65 mUl/ml (Fig.1). Although the patient bled slightly, BHCG 
values increased progressively and the pregnancy continued. The 
patient did take the medication since blood levels of RU486 were 
comparable to the other subjects. Moreover inununocytochemical 
studies showed the presence of RU486 in the endometrial tissue 
obtained at vacuum aspiration 35 days after commencement of 
therapy. No explanation for this failure was found.
2) Estradiol (E2) and Progesterone (P) (Fig. 2 and Table II)
Initial pretreatment E2 and P levels in the responder and 
non-responder groups are represented in Table II. For all 
subjects, the initial mean ± SEM for E2 was 517.6 ± 28.0 and 793.5 
± 84.7 pg/ml in the responders and non-responders, respectively 
(p<0.0001). Initial mean ± SEM, P values were 23.9 ±1.3 and 24 ±
2 ng/ml in the responders and the non-responders, respectively 
(p=NS).
P decreased progressively and more rapidly in the responders than 
in the non-respcnders. In the non-responders the initial decrease 
of P values observed on Day 7 was followed by a secondary increase 
in groups I and III. There was a transient but non-sustained 
decrease in P in Groups II and IV.
In the responders, P values on Day 7 were 17.5%, 24.2%, 27.3% and 
17.8% of basal values in Groups I, II, III and IV, respectively.
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g r o u p  mGROUP I GROUP IVGROUP 11
mUI/ml

RU 4 8 6  u 
100 m g /dSO m g /d  x 7

RU 486 
450 mg

• p a t ie n t
re sp o n d e rs

re sp o n d e rs

FIGURE 1

Plasma BHCG values in patients treated with RU486. From the 
left to the right are shown Group I, II, III and IV. They 
received, respectively, the decremental regimen (400, 300, 200, 
and 100 mg/day over 4 successive days), 50 mg/day for 7 days, 
100 mg/day for 7 days and 450 mg in a single dose. The subjects
who aborted with therapy are designated as responders (e e)
The remaining subjects who failed to abort are designed 
non-responders (o- - -o). Values shown are mean ± SD. Note BHCG 
values are expressed on a logarithmic scale. In Group III 
patient J.U. is represented alone and not included in the mean 
of the non-responders of that group since the initial values 
were very low.
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TABLE XI

Mean ± SEM values on Day 1 for hormonal parameters, duration of 
amenorrhea, and diameter of the gestational sac in RtM86 
responders and non-responders independent of the dose regimen

Basal values 
Day 0
HCG
mUl/ml

E 2
pg/ml
P
ng/ml
Cortisol
ng/dl
Amenorrhea
(days)
Sac Diameter 
(mm)

Successes 
n = 90

Failures 
n = 28

10,558 ± 1,338 31,366 i 5,521

517.6 ± 28.0

23.9 ± 1.3 

12.6 + 0.7

39.9 ± 0.5

8.9 ± 0.7

793.5 + 84.7 

24.0 ± 2.0

11.3 ± 1.2 

42.5 + 1.0

16.9 ± 1.5

< 0 . 0 0 0 0 1  

< 0 . 0 0 0 0 1  

NS 

MS 

< 0 . 0 1  

< 0 . 0 0 0 0 1

(Total numer (n) of patients 118; 6 cases have been excluded 
from the final analysis as some values in the follow-up were 
missing)
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g r o u p  rng r o u p  I G R O U P U
E j p /m l E j PQ /m l

P  n g /m l

1 4 7 U  21 28 DAYS

SO m g /d  * 7

IOOO

500

7 14 21 28  DAYS

1 4 7 1* 21 28  DAYS

1 4 7 14 21 20  DAYS

FIGURE 2

Plasma levels of estradiol (E2), progesterone (P) and cortisol 
in the four groups of patients. See Figure 1 for details.

MARCH 1990 V O L  41 NO. 3 231



CONTRACEPTION

In the same groups, corresponding P values in the non-responders 
were 116%, 97.5%, 72.3% and 75.5% of basal values, respectively.
Although mean E2 levels did decrease in the responders, '"his 
change was not significant because of the wide range of individual 
values. E2 either increased or showed no change in non-responders 
in all groups.

3) Cortisol (Fig. 2 and Table II)
Mean basal morning cortisol levels in this laboratory are 16 ± 7 
Ug/100 ml. There was an increase in mean cortisol level with all 
dose regimens and the same trend was evident in both responders 
and non-responders.
However, only with the decremental dose schedule (Group I) did the 
plasma levels on Day 4 significantly exceed the normal range. By 
Day 7, basal levels were attained in this group as well as in 
Group IV which received RU486 as a single dose. When RU486 was 
given for seven successive days (Groups II and III), basal values 
were only attained by Day 14.
4) RU486
Plasma levels of RU486 are presented in Table III. High values of 
plasma RU486 were seen when the blood sample was collected on the 
last day of drug intake. Circulating levels were still detectable 
fourteen days after the last drug intake. When responders were 
compared with non-responders, no significant difference in RU486 
levels was found.
There was no correlation between immunoreactive RU486 levels and P 
levels either on Day 1 or on Day 7. In one failure case of Group 
III, plasma RU486 levels were very high on Day 7 and Day 14 but 
the drug was not found in the decidual tissue obtained by 
aspiration.
RELATIONSHIP BETWEEN THE DIFFERENT PARAMETERS: PREDICTIVE FACTORS 
OF EFFICACY
The final stepwise discriminant analysis of the four groups 
considered together included 107 patients from the 124 who were 
enrolled. The 17 excluded cases were patients in whom some values 
were lacking during the follow-up. The only variables useful to 
predict the outcome were HCti (F value was 31.8 p< 0.001) and sac 
diameter (F:9.7 p<0.00'1).
No other parameter could significantly predict the response. The 
initial values of BHCG and sac diameter were able to predict the 
outcome of therapy in 86.5% of the successes and 85.7% of the 
failures. For all cases, 86,4% accurate prediction was possible 
with these two variables. Significant correlations were found 
between BHCG levels and sac diameter (r=0.4, p<0.01) and also E2
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TABLE I I I

Plasma RU486 levels in 108 subjects applying for medical 
termination of early pregnancy. The samples were collected on 
Days 7, 14 and 21 after first intake of the drug. In Group II 
and III, Day 7 was the last day of RU486 intake. In Group IV 
the total dose was ingested on Day 1, and Day 7 values 
reflected the drug levels after 6 days of interruption of 
therapy. In the non-responders, no sampling was performed after 
Day 14 when surgical termination of the pregnancy was decided.

RU486 LEVELS no/ml. m ± SD
GROUP II GROUP III GROUP IV

(50mg/d x 7d) (10Omg/d x 7d) (450mg single
dose)

n = 7  n = 39 n = 39

SUCCESSES Day 7 3,349 ± 2,217 3,611 ± 1,759 340 + 215
n = Day 14 37 ± 52 249 ± 296 7 ± 8

Day 21 1 .5 + 0.6 18 ± 17 2 ± 1.5
FAILURES Day 7 3,242 ± 1 ,220 5,061 ± 2,769 317 ± 209
n = Day 14 113 ± 159 372 ± 374 6 ± 4

Note: Only 108 subjects had an additional plasma sample which 
allowed us to measure RU486 in addition to the laboratory 
values originally planned in the protocol.
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