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COMPARISONS OF THE POTENTIAL UTILITY 
OF LHRH AGONISTS AND ANTAGONISTS FOR 

FERTILITY CONTROL 

BRIAN H. VICKERY 
Department of Physiology, Institute of Biological Sciences, Syntex Research, California, U.S.A. 

Summary--Prospects for the use of LHRH analogs for human fertility control have been reviewed with 
particular reference to two highly potent representatives. Nafarelin acetate, the LHRH agonist, has a 
potency about 200 × that of LHRH and is consistently effective in suppressing gonadal function in females 
through a desensitization of LHRH receptors in the pituitary. Such agents show promise as ovulation 
inhibitors for women although concern has been expressed over the dangers of unopposed estrogen or 
alternatively hypoestrogenemia. Although early studies indicated luteolysis in women and interceptive 
action in baboons it is now clear that the LHRH agonists will not be useful clinically to terminate 
pregnancy. Wide species differences in the male response to LHRH agonists exist. Unfortunately 
azoospermia has not been achieved in men. The LHRH antagonists, typified by [N-Ac-o-Nal(2) ~, 
D-pC1-PhC, D-Trp 3, D-hmrg(Et2) 6, o-AlaI°]LHRH, require high doses to competitively inhibit responses 
to endogenous LHRH. Their advantages include a rapid induction of the hypogonadal state with 
apparently little species or sexual variation in response. Based on animal studies, preferable utility of the 
antagonists would lie in male contraception and pregnancy interception. 

INTRODUCTION 

Luteinizing hormone releasing hormone (LHRH) 
must be secreted and act at its pituitary receptors in 
a pulsatile manner to exert its physiological effect of 
activating and maintaining the reproductive cascade 
from gonadotropin synthesis and release to gameto- 
genesis and gonadal steroidogenesis [1-3]. Con- 
tinuous presence of LHRH results in a down regu- 
lation of its receptors on the pituitary gonadotropes 
and a shutdown of gonadotropin release. 

Very potent agonistic analogs of LHRH are now 
available and several are undergoing clinical evalu- 
ation. Their increased potency over LHRH itself 
results from increased receptor binding affinity 
and/or resistance to metabolism. This is typified by 
nafarelin acetate {[6-o-(2-naphthyl)alanine]LHRH} 
which has approx 200 x the potency of LHRH in rats 
[4], has a K a of 2.1 x 101°M i for rat gonadotrope 
receptors (2 log orders greater than LHRH) and a 
circulating half life of 2 h in humans (approx 4 x 
LHRH). These attributes combine to make it unlikely 
that such highly potent agonistic analogs will ever be 
useful to treat infertility. A glance at the literature 
will show however that they are under intensive 
investigation for treatment of gonadal hormone- 
dependent syndromes and for antifertility effects. 

More recently very potent antagonistic analogs of 
LHRH have been synthesized. These analogs com- 
pete with endogenous LHRH for its receptors and, 
having binding affinities equivalent to those of the 
most potent agonistic analogs, require only low doses 
in vivo to interfere with the gonadotropin surge 
necessary for ovulation. Somewhat higher doses will 
shutdown tonic or basal secretion of gonadotropins 
and again terminate gametogenesis and gonadal ste- 

roidogenesis. A particularly potent and long lived 
example of this class of analogs is [N-Ac-D-Nal(2) 1, 
D-pCl-Phe 2, D-Trp 3, D-hArg(Et2) 6, D-Alal°]LHRH [5], 
RS-68439, which from a single injection is capable of 
suppressing gonadotropin levels for 48-72 h [6]. The 
antagonistic analogs cause a precipitous fall in 
gonadotropins and steroids in contrast to the effects 
of even the most potent agonists, where a stimulatory 
phase precedes shutdown. This difference, together 
with a suggestion that it may be possible to achieve 
a greater degree of gonadal inhibition with antago- 
nists than agonists, may well have an influence on 
their relative utility, particularly in the area of fertility 
control. 

The range of uses of LHRH analogs, with particu- 
lar reference to the agonists, has recently been re- 
viewed [7] and studies toward male contraceptive 
potential have been summarized [8]. Rapid progress 
in the study of LHRH antagonists makes it appro- 
priate to compare the effects of the two classes of 
analog and perhaps forecast their relative potential. 

EFFECTS IN MALES 

R a t s  

Daily, or even less frequent, administration of LHRH 
agonists to mature rats was early shown to have 
suppressive effects on both steroidogenesis and sper- 
matogenesis [9-12]. These observations were forecast 
as leading to an eventual contraceptive use for men 
[13]. More detailed study has revealed however that, 
whether judged by histology or by mating experi- 
ments, complete suppression of fertility cannot be 
achieved in rats by use of the agonists [14, 15]. This 
is in spite of the findings of multiple mechanisms of 
action of LHRH agonists in the rat but not in other 
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Fig. 1. Plasma LH in the intact male rat following a single subcutaneous injection of RS-68439. 

species. In addition to pituitary receptor down regu- 
lation [16], LHRH can interact directly with homolo- 
gous, high affinity and specificity receptors on the 
Leydig cell [17] and, by a mechanism poorly under- 
stood, suppress testicular 17~-hydrolase and 17,20 
desmolase activities [18-20]. Also the LHRH- 
stimulated high levels of LH (or exogenously admin- 
istered HCG) can down regulate its homologous 
receptors at the gonad, again leading to inhibitory 
effects on testicular function [21, 22]. In addition, 
supplemental testosterone is reported to further de- 
crease spermatogenesis [23] but the combined effect 
on fertility does not appear to have been studied. 

Historically, LHRH antagonist analogs were of 
low potency and sensitive in vivo models such as the 
castrate male rat were required to assess their action. 
The more potent analogs, such as RS-68439, have 
striking activity in this system in that as little as 8 #g 
per rat (25/~g/kg) as a single injection results in a 
precipitous decline in LH levels which then are 
depressed for 48 h or more [6]. FSH levels in the same 
system are less affected. As one would expect, in the 
intact animal the effect of these agents is to depress 

circulating gonadotropins and testosterone [24, 25]. 
However, for unknown reasons considerably more 
analog is required in the intact than castrate rat, even 
100 #g/rat (300/tg/kg) of RS-68439 giving only par- 
tial suppression at 24 h following single injection 
(Fig. 1). With daily treatment, there is a cumulative 
effect on gonadotropins and testosterone (Fig. 2) and 
spermatogenesis is totally, rather than focally as with 
the agonists, inhibited (Fig. 3). An enhancement of 
the potency results in rats if the antagonist is given 
continuously via a subcutaneously implanted osmotic 
pump (Fig. 4). There is a suggestion that a greater 
degree of inhibition can result from treatment with 
antagonist than agonist (Fig. 5) however longer term 
studies are required to confirm this. While the LHRH 
antagonists will bind to the LHRH receptors on the 
Leydig cells, no direct effect of the antagonists, other 
than an ability to block effects of the agonists, has 
been documented [19]. 

Dogs 
The male beagle is particularly sensitive to the sup- 
pressive effects of LHRH agonists on testicular func- 
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Fig. 2. Plasma LH, FSH and testosterone levels in the rat over 14 days of daily subcutaneous injection 
of various doses of RS-68439. 

tion, which however appear to be mediated solely 
through pituitary receptor down regulation. Ex- 
ogenous gonadotropin is still capable of stimulating 
steroidogenesis [8]. Inhibition of spermatogenesis is 
rapid at higher dose levels, already noticeable histo- 
logically by 10 days of treatment at 2 or 10/lg/kg/day 
but slower at 0.5 #g/kg/day, probably a reflection of 
the time to down regulation at the pituitary [27]. 
Eventually however at all of those dose levels, total 
inhibition of spermatogenesis to presence of sper- 
matogonia and Sertoli cells only, is achieved. After 

cessation of longer term treatment, up to at least 1 
year, recovery of spermatogenesis is rapid and sper- 
matozoa begin to appear in the ejaculate after 7-8 
weeks [28]. Supplementation with testosterone is re- 
quired to maintain ejaculatory function but is with- 
out effect on the antispermatogenic effect. 

The dog is somewhat more sensitive than the rat to 
LHRH antagonist effects. A single injection of 
100#g/kg of RS-68439 in the intact beagle keeps 
testosterone levels in the castrate range for more than 
24 h (Fig. 6). Repetitive daily injection results in dry 



782 BRIAN H. VICKERY 

ejaculates after 2 weeks. Ejaculatory function is main- 
tained by supplemental testosterone but azoospermia 
is still achieved (Fig. 7). 

Primates 

Early reports were that male macaques were poorly 
sensitive to the LH-releasing effects of LHRH 
agonists [29, 30]. It is perhaps not too surprising then 
that poor sensitivity to the down regulating effects of 
these analogs has also been a routine finding [31-33]. 
Long term treatment of rhesus monkeys by twice 
daily administration was reported to suppress testi- 
cular function in a percentage of animals [34], al- 
though this should be viewed with caution as male 
rhesus are known to have seasonal changes in testi- 
cular function [35]. Greater suppression has been 
obtained in rhesus monkeys by continuous adminis- 

tration of agonist [36, 37]. It has been claimed that 
supplementation with testosterone, if delayed some 
weeks, is compatible with azoospermia but that 
simultaneous treatment with testosterone and agonist 
is not [38, 39]. However, in other studies with con- 
trolled release formulations, pronounced inter animal 
variation in response in both rhesus [40] and cyn- 
omolgus has been seen, even in the face of compara- 
ble blood levels of compound between animals 
(Fig. 8). 

Early studies in men used low daily doses of 
agonist and gave inconsistent suppression of testos- 
terone levels and no effect upon sperm count [41]. 
Higher dose studies with another analog did result in 
consistent suppression of circulating levels of testos- 
terone and a fall in sperm count in all subjects, 
although 5 out of the 7 treated men discontinued 

Fig. 3. Histological appearance of the testis of rats following 14 days of daily subcutaneous injection of 
400/~g/rat of RS-68439. (A: vehicle; B: RS-68439) 
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14 

treatment after only 6-7 weeks because of impotence 
and/or hot flashes [42]. Longer term [43] or higher 
dosage treatment [44] by daily injection has induced 
only oligospermia although there is a suggestion that 
these results may have been compromised by the 
concomitant and early onset testosterone supple- 
mentation [38]. The long term, high dose, un- 
supplemented LHRH agonist treatment used in 
prostatic cancer patients appears to result in asper- 
matogenic testes [45] although there is no indication 
of the level of testicular function prior to treatment 
in these cases. Continuous infusion studies are under- 
way in men with L H R H  agonists [46, 47] Azoosper- 

mia has not been achieved although a dose related 
degree of oligospermia has been noted. 

The castrate male monkey is more sensitive to the 
inhibitory effects of LHRH antagonists than is the 
intact animal, to the extent that in early studies 
suppression could only be detected in the castrate, 
even with doses as high as 2 mg/kg [48]. However, as 
in other species, the highly potent RS-68439 will 
rapidly and effectively suppress both pituitary and 
testicular function in intact male monkeys either by 
injection (Fig. 9) or by infusion [49] in the range of 
400-500/~g/kg per day. Azoospermic ejaculates are 
consistently noted after 9 weeks of treatment. No 
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reports of evaluation of LHRH antagonists in men 
have appeared. 

EFFECTS IN FEMALES 

Rats 

Although the LHRH agonists are acutely stimulatory 
and will induce ovulation at all stages of the cycle in 
rats [50], persistent treatment will block ovulation 
and stop estrous cyclicity [4]. As in male rats the 
mechanisms involved in female rats are complicated 
and multifactorial. In addition to effects exerted at 
the pituitary receptors, specific LHRH receptors do 
exist at both the follicular and luteal level [51, 52]. 
Direct gonadal actions and interference with the 
steroidogenic effects of the gonadotropins by the 
agonists is now well documented [20]. Pregnancy may 
be terminated in rats by a single injection of LHRH 
agonist and this effect would be attributable to the 
inappropriately high levels of gonadotropins down 
regulating their homologous receptors at the corpus 
luteum [53]. However, specific ipsilateral pregnancy 
termination has been noted following direct injection 
of LHRH agonist into one uterine horn in the 
pregnant rat. There have even been claims of inter- 
action between LHRH agonists and uterine steroid 
receptors, although the evidence is somewhat flimsy 
[54]. 

Blockade of ovulation in rats with LHRH antago- 
nists is easy to demonstrate and has long been the 
basis for potency screening [55]. However, a single 
injection of antagonist may delay ovulation for 
several days [56] or alternatively block ovulation even 
when given once several days before ovulation [25]. 
It appears that there is a different circulating blood 
level/receptor occupancy requirement for LHRH an- 
tagonists to inhibit ovulation and to suppress estrous 
cyclicity, for the latter requires dosages an order of 
magnitude greater than the former. This probably 
reflects a difference between the requirement for 
blockade of the pre-ovulatory surge in gonadotropins 
and that for suppression of basal levels of gonad- 
otropins. LHRH antagonists will terminate preg- 
nancy in rats [57]. Efficacy varies with stage of 
gestation, the optimum time for dosing is day 10. 
Either progesterone or hCG administration will re- 
verse the effect. 

Dogs 

It has now been shown that long term adminis- 
tration of nafarelin in female dogs is capable of 
suppressing both cyclicity (as judged by proestrous 
discharge and by vaginal or behavioral estrus) and 
ovulation [58]. Prevention of ovulation for periods of 
up to 18 months is consistent with a return of 
ovulation in a few weeks. Interestingly, as already 
reported for the heifer [59] an already entrained 
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ovulation cannot be prevented with an LHRH ago- 
nist. Dosage during the luteal phase of the non- 
pregnant bitch results in a significant reduction in 
integrated levels of progesterone [58]. However, the 
same doses administered throughout gestation had 
no effect on the outcome of pregnancy. Whether this 
indicates the presence of, and interaction with, a 
luteotrophic factor in the pregnant bitch, as in higher 
species, is not known. 

Preliminary results indicate the ability to suppress 
luteal function and terminate pregnancy in the bitch 
with an LHRH antagonist (B. H. Vickery, G. I. 
McRae and J. C. Goodpasture, unpublished obser- 
vations). It is not yet clear whether luteolysis can be 
achieved, or merely that progesterone secretion is 
prevented for the duration of the period in which 
gonadotropin secretion is blocked, followed by return 
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of luteal function when gonadotropin levels rise 
again. 

Primates 

It is now well established that in monkeys as well 
as in women ovulation may be suppressed by com- 
paratively low daily doses of LHRH agonists [14, 
60-62]. There does seem some dispute as to whether 
the dose can be titrated so that the dangers of, on the 
one hand, unopposed estrogen and endometrial 
hyperplasia and on the other vasomotor and bone 
density symptoms of estrogen withdrawal can be 
avoided [63, 64]. One group goes so far as to propose 
regular induction of withdrawal bleeding using a 
course of progestogen each month [65]. It appears 
that, as in male primates, more profound suppression 
of pituitary and ovarian function can be achieved in 
female primates by continuous administration of the 
LHRH agonist from controlled release formulations 
[65, 66]. 

Luteolysis, or better luteal suppression, has been a 
routine observation in response to LHRH agonists in 
nonpregnant monkeys and women [67q59]. However, 
the ability of exogenous chorionic gonadotropin to 
antagonize this effect [70, 71] no doubt accounts for 
the inability of these agents to terminate pregnancy 
in primates [71-73], with the notable exception of the 
baboon [74, 75]. The demonstrations of LHRH re- 
ceptors in human placental tissue [76, 77], a sup- 
pressive effect on chorionic gonadotropin production 
in vitro with LHRH agonists on human placental 
tissue (T. Siler-Khodr and B. Vickery, unpublished) 

and the observation of suppression of chorionic 
gonadotropin production in vivo in pregnant baboons 
[74] suggests that a difference in placental-blood 
barrier may account for the differences. 

Not unexpectedly, reports are now appearing 
which document the ability of LHRH antagonists to 
inhibit ovulation in primates [78, Fig. 10]. As with the 
agonists, however, whether it will be possible to avoid 
the problems associated with either unopposed es- 
trogen or estrogen deprivation is unknown but con- 
sidered unlikely. Although early reports concluded 
that the nonpregnant primate corpus luteum was 
independent of pituitary support and that LHRH 
antagonists were without effect [78], it is now clear 
that luteal progesterone output can be precipitously 
decreased with these agents [79] resulting in with- 
drawal bleeding within 1-2 days (Fig. 11). This effect 
is not luteolysis because discontinuation of antago- 
nist treatment after 2-3 days may allow progesterone 
levels to rise again and, as in the case with agonists, 
chorionic gonadotropin supplementation will prevent 
the fall and/or cause a rise in progesterone levels. In 

vitro studies with human placental explants incubated 
with an LHRH antagonist have shown remarkable 
inhibition of both steroids and chorionic gonad- 
otropin into the medium [80]. Studies in pregnant 
baboons, with a low potency LHRH antagonist, at a 
time when chorionic gonadotropin levels were low 
did show transitory falls in progesterone [81]. Of 
course, even if pregnancy should be terminated in 
baboons, prior experience with the agonists would 
reserve judgement until studies in women had been 
completed. 
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Fig. 11. Effect of RS-68439 injected on two consecutive 
days in the midluteal phase on circulating levels of pro- 

gesterone in female rhesus monkeys. 

C O N C L U S I O N S  

LHRH agonist analogs are now available of such 
potency that very low doses may be used to control 
fertility in certain species and gender. However, par- 
ticularly in males, the interspecies variability in re- 
sponse is large, varying from the mouse in which 
down regulation cannot be achieved, to the rat where 
only focal disruption of spermatogenesis is observed, 
to the rabbit where interanimal variation is noted, to 
the dog where total azoospermia is easily achieved 
[7, 36, 82]. In men testosterone levels may be lowered 
to the extent that hot flashes are experienced and yet 
azoospermia has not been achieved [41-44]. Some 
hope is held out by the recent results in the very 
resistant macaques by using continuous adminis- 
tration [37, 39] and this may be likened to the "mega- 
dose" therapy used in men with prostatic carcinoma 
[83]. However even though autopsy material shows 
aspermatogenic histology [45], it must be realized that 
these are patients with a terminal disease rather than 
young healthy men. Responses in the former will not 
necessarily be applicable to the latter. Even further, 
should continuous administration therapy result in 
consistent induction of azoospermia, it will await 
availability of controlled release formulations for 
both the LHRH agonist and possibly also for the 
testosterone supplementation. 

For  control of fertility in females, the outlook is 
somewhat brighter. Suppression of ovulation is a 
consistent effect over a broad range of species and 
long term contraceptive efficacy has been reported 
with one of these agents [61]. While there are con- 
cerns about the potential risks of unopposed estrogen 
and about the effects of estrogen deprivation, perhaps 
these would be minimized by short courses of therapy 
of 3~4 months at a time. Such a regimen might be of 
particular use for postpartum contraception. It seems 

unlikely to the present author, however, that the 
combination of LHRH agonist and progestins would 
gain wide acceptance. It is now clear that neither 
menstrual induction or pregnancy termination will be 
achieved with LHRH agonists in women. 

Evaluation of LHRH antagonists is in the early 
stages. However, interspecies variation in response 
has not been reported. In male rats, dogs and 
macaque monkeys azoospermia and aspermato- 
genesis has been consistently obtained. Although 
high level testosterone supplementation in rats has 
been shown to reverse the antifertility effect, this is 
not expected in other species including man. 

Although it is logical to assume that ovulation 
suppression can be achieved in women as in other 
animal species with the LHRH antagonists, it is 
unlikely that they would offer any advantages over 
the agonists. The hope for an interceptive or men- 
strual inducing utility for the antagonists, is still with 
us from the results of the animal studies. However, 
with the recent experience with the agonists in mind, 
judgement will be reserved until the human studies 
have been completed. 

At first sight it appeared that the same end results 
would be achieved by the two distinct mechanisms by 
which the LHRH agonists and antagonists interfere 
with reproduction. The present review suggests that 
there may be a place for both classes of analog in 
future control of fertility. 

R E F E R E N C E S  

1. Belchetz P. E., Plant T. M., Nakai Y., Keogh E. J. and 
Knobil E.: Hypophysial responses to continuous and 
intermittent delivery of hypothalamic gonadotropin- 
releasing hormones. Science 202 (1978) 6314i33. 

2. Knobil E., Plant T. M., Wildt L., Belchetz P. E. and 
Marshall G.: Control of the rhesus monkey menstrual 
cycle: permissive role of hypothalamic gonadotropin- 
releasing hormone. Science 207 (1980) 1371 1373. 

3. Rabin D. and McNeil L W.: Pituitary and gonadal 
desensitization after continuous luteinizing hormone- 
releasing hormone infusion in normal females. J. clin. 
Endocr. Metab. 51 (1980) 873 876. 

4. Nestor J. J. Jr., Ho T. L., Simpson R. A., Horner B. L., 
Jones G. H., McRae G. I. and Vickery B. H.: The 
synthesis and biological activity of some very hydro- 
phobic analogs of luteinizing hormone releasing hor- 
mone. J. reed. Chem. 25 (1982) 795-801. 

5. Nestor J. J. Jr., Tahilramani R., Ho T. L,  McRae 
G. I., Vickery B. H. and Bremner W. J.: New luteinizing 
hormone-releasing factor antagonists. In Peptides: 
Structure, Function, Proceedings 8th Peptide Symposium 
(Edited by V. J. Hruby and D. H. Rich). Pierce Chem 
Co., Rockford, Illinois, (1983) pp. 861-864. 

6. Viekery B. H.: LHRH agonists and antagonists for male 
fertility inhibition-animal studies. Contracept. Del. Syst. 
(1985) In press. 

7. Vickery B. H., Nestor J. Jr. and Hafez E. S. E.: LHRH 
and Its Analogs--Contraceptive and Therapeutic Appli- 
cations. MTP Press, Lancaster (1984). 

8. Vickery B. H., McRae G. I., Briones W., Worden A., 
Seidenberg R., Schanbacher B. D. and Falvo R.: Effect 
of an LHRH agonist analog upon sexual function in 
male dogs: suppression, reversibility and effect of testos- 
terone replacement. J. Androl. 5 (1984) 28~42. 



LHRH Agonists 789 

9. Bex F. J. and Corbin A.: Inhibition of reproductive 
processes in the immature and mature male rat with an 
LHRH agonist (Abstract No. 6) 3rd Ann. Meet. Am. 
Soc. Androl., Nashville (1978). 

10. Labile F., Auclair C., Cusan L., Kelly P. A., PeUetier 
G. and Ferland L.: Inhibitory effects of LHRH and its 
agonists on testicular gonadotropin receptors and sper- 
matogenesis in the rat. Int. J. Androl., Suppl. 2 (1978) 
303-318. 

11. Rivier C. and Vale W.: Hormonal secretion in male rats 
chronically treated with D-Trp6-ProgNET-LRF. Life 
Sci. 25 (1979) 1065. 

12. Rivier C., Rivier J. and Vale W.: Chronic effects of 
[D-Trp 6, Prog-NHET] luteinizing hormone-releasing fac- 
tor on reproductive processes in the male rat. Endo- 
crinology 105 (1979) 1191-1201. 

13. Labrie F., Belanger A., Cusan L., Seguin C., Pelletier 
G., Kelly P. A., Reeves J. J., Lefebvre F. A., Lemay A., 
Gomdeau Y. and Raynaud J. P.: Antifertility effects of 
LHRH agonists in the male. J. Androl. 1 (1980) 
209-228. 

14. Vickery B. H.: Physiology and antifertility effects of 
LHRH and agonistic analogs in male animals. In 
LHRH Peptides as Female and Male Contraceptives 
(Edited by G. I. Zatuchni, J. D. Shelton and J. J. 
Sciarra). Harper & Row, Philadelphia (1981) pp. 
275-290. 

15. Vickery B. H., McRae G. I., Bergstrom K., Briones W., 
Worden A. and Seidenberg R.: Inability of continuous 
long-term administration of D-NaI(2)6-LHRH to abol- 
ish fertility in male rats. J. Androl. 4 (1983) 283-291. 

16. Loumaye E. and Catt K. J.: Homologous regulation of 
gonadotropin releasing hormone receptors in cultured 
pituitary cells. Science 215 (1982) 983-985. 

17. Clayton R. N., Katikineni M., Chan V., Dufau M. L. 
and Catt K. J.: Direct inhibition of testicular function 
by gonadotropin- releasing hormones: direct mediation 
by specific gonadotropin-releasing hormone receptors in 
interstitial cells. Proc. natn. Acad. Sci. U.S.A. 77 (1980) 
4459-4463. 

18. Hsueh A. J. W., Schreiber J. R. and Erickson G. F.: 
Inhibitory effects of gonadotropin releasing hormone 
upon cultured testicular cells. Molec. Cell. Endocr. 21 
(1981) 4349. 

19. Hsueh A. J. W. and Jones P. B. C.: Extrapituitary 
actions of gonadotropin-releasing hormone. Endocr. 
Rev. 2 (1981) 437-461. 

20. Jones P. B. C. and Hsueh A. J. W.: Direct antigonadal 
actions of LHRH. In LHRH and Its Analogs- 
Contraceptive and Therapeutic Applications (Edited by 
B. H. Vickery, J. J. Nestor Jr and E. S. E. Hafez). MTP 
Press, Lancaster (1984) pp. 163-180. 

21. Labile F., Godbow M., Belanger A., Seguin C., Pelletier 
G., Cusan L., Kelly P. A. and Reeves J. J.: Mechanisms 
of the antifertility effects of LHRH agonists in the male 
rat. In LHRH Peptides as Female and Male Con- 
traceptives (Edited by G. I. Zatuchni, J. D. Shelton and 
J. J. Sciarra). Harper & Row, Philadelphia (1981) 
pp. 246-260. 

22. Chasalow F., Marr H., Haour F. and Saez J. M.: 
Testicular steroidogenesis after human chorionic 
gonadotropin. Desensitization in rats. J. biol. Chem. 254 
(1979) 5613-5617. 

23. Heber D. and Swerdloff R. S.: Gonadotropin-releasing 
hormone analog and testosterone synergistically inhibit 
spermatogenesis. Endocrinology 108 (1981) 2019-2021. 

24. Vickery B. H., McRae G. I., Nestor J. J. Jr and Bremner 
W.: Effects of a highly potent LHRH antagonist in rats, 
dogs and cynomolgus monkeys. J. Androl. 4 (1983) 
Abst. 35. 

25. McRae G. I., Vickery B. H., Nestor J. J. Jr, Bremner 
W. J. and Badger T. M.: Biological activity of a highly 
potent LHRH antagonist. In LHRH and Its Analogs-- 

Contraceptive and Therapeutic Applications (Edited by 
B. H. Vickery, J. J. Nestor Jr and E. S. E. Hafez). MTP 
Press, Lancaster (1984) pp. 137-152. 

26. Vickery B. H. and McRae G. I.: Male contraceptive 
potential of nafarelin acetate assessed in the dog. In 
LHRH and Its Analogs--Contraceptive and Therapeutic 
Applications (Edited by B. H. Vickery, J. J. Nestor Jr 
and E. S. E. Hafez). MTP Press, Lancaster (1984) 
pp. 61-76. 

27. Vickery B. H., McRae G. I., Schanbacher B. D. and 
Falvo R. E.: Dose response studies on male re- 
productive parameters in dogs with nafarelin acetate. 
J. Androl. 6 (1985) 53-60. 

28. Viekery B. H., Goodpasture J. C. and Waller D. P.: 
Interactions between an LHRH analogue and cancer 
chemotherapeutic agents at the testicular level. J. ste- 
roid. Biochem. 20 (1984) Abst. 1370. 

29. Arimura A., Spies H. G. and Schally A. V.: Relative 
insensitivity of rhesus monkeys to the LH releasing 
hormone (LHRH). J. clin. Endocr. Metab. 36 (1973) 
372-374. 

30. Levitan D., Beitins I. Z., Milton G., Barnes A. and 
McArthur J. W.: Insensitivity of bonnet monkeys to 
o-Ala 6, (Des-Gly ~°) LHRH ethylamide, a potent new 
luteinizing hormone releasing hormone analogue in rats 
and mice. Endocrinology 100 (1977) 918-922. 

31. Wickings E. J., Zaidi P. and Nieschlag E.: Effect of 
chronic high-dose LHRH-agonist treatment on pitu- 
itary and testicular functions in rhesus monkeys. J. 
Androl. 2 (1981) 72. 

32. Akhtar B. F., Wickings E. J., Zaidi P. and Nieschlag E.: 
Pituitary and testicular functions in sexually mature 
rhesus monkeys under high dose LRH agonist treat- 
ment. Acta endocr., Copenh 101 (1982) 113-118. 

33. Vickery B. H.: LHRH and its analogs: potential for 
male contraception and for therapy of androgen de- 
pendent syndromes. In Male Fertility and Its Regulation 
(Edited by T. Lobl and E. S. E. Hafez). MTP Press, 
Lancaster (1985) pp. 303-318. 

34. Sundaram K., Wang N.-G. and Bardin C. W.: Anti- 
gonadal, antisteroidal and antifertility effects of LHRH 
agonist in male animals. In LHRH Peptides as Female 
and Male Contraceptives, (Edited by G. I. Zatuchni, 
J. D. Shelton and J. J. Sciarra). Harper & Row, 
Philadelphia (1981) pp. 261-274. 

35. Wickings E.J. and Nieschlag E.: Seasonability in endo- 
crine and exocrine testicular function of the adult rhesus 
monkey (Macaca mulatta) maintained in a controlled 
laboratory environment. Int. J. Androl. 3 (1980) 
87-104. 

36. Vickery B. H., McRae G. I. and Briones W.: Responses 
of the males of different laboratory species to con- 
tinuous administration of an LHRH agonist. J. Androl. 
1 (1980) Abst. 62. 

37. Akhtar B. F., Marshall G. R., Wickings E. J. and 
Nieschlag E.: Reversible induction of azoospermia in 
rhesus monkeys by constant infusion of a GnRH ago- 
nist using osmotic minipumps. J. clin. Endocr. Metab. 
56 (1983) 534-540. 

38. Akhtar B. F., Marshall G. R. and Nieschlag E.: Testos- 
terone supplementation attenuates the antifertility 
effects of an LHRH agonist in male rhesus monkeys. 
Int. J. Androl. 6 (1983) 461-468. 

39. Akhtar B. F., Wickings E. J. and Nieschlag E.: Male 
fertility control with an LHRH agonist: primate studies. 
In LHRH and Its Analogs--Contraceptive and Ther- 
apeutic Applications (Edited by B. H. Vickery, J. J. 
Nestor Jr and E. S. E. Hafez). MTP Press, Lancaster 
(1984) pp. 77-90. 

40. Akhtar B. F., Weinbauer G. F., Vickery B. H., Sanders 
L. M. and Nieschlag E.: Pituitary and testicular func- 
tion in rhesus monkeys under long term sustained 
release of [D-Nal(2) 6] LHRH. Third Joint Meeting, 



790 BRIAN H. VICKERY 

British Endocrine Societies, Edinburgh, Scotland (1984) 
(abstract). 

41. Bergquist C., Nillius S. J., Bergh T., Skarin G. and Wide 
L.: Inhibiting effects on gonadotropin secretion and 
gonadal function in men during chronic treatment with 
a potent stimulating luteinizing hormone-releasing hor- 
mone analogue. Acta. endocr., Copenh. 91 (1979) 
601-608. 

42. Linde R., Doelle G. C., Alexander N., Kirchner F., 
Vale W., Rivier J. and Rabin D.: Reversible inhibition 
of testicular steroidogenesis and spermatogenesis by 
a potent gonadotropin-releaisng hormone agonist in 
normal men. N. Engl. J. Med. 305 (1981) 663~567. 

43. Doelle G. C., Evans R. M., Alexander A. N. and Rabin 
D.: Antifertility effects of an LHRH agonist in men. In 
LHRH and Its Analogs--Contraceptive and Therapeutic 
Applications (Edited by B. H. Vickery, J. J. Nestor Jr 
and E. S. E. Hafez). MTP Press, Lancaster (1984) 
pp. 271-282. 

44. Heber D., Swerdloff R. S. and Henzl M.: Effects of 
nafarelin acetate in men. In LHRH and Its Analogs-- 
Contraceptive and Therapeutic Applications (Edited by 
B. H. Vickery, J. J. Nestor Jr and E. S. E. Hafez). MTP 
Press, Lancaster (1984) pp. 257-270. 

45. Rajfer J., Swerdloff R. S. and Heber D.: Human 
testicular morphologic characteristics after chronic 
GnRH analog therapy. Fert. Steril. 39 (1983) Abst. 
440. 

46. Nieschlag E., Akhtar F. B., Weinbauer G. F., Schur- 
meyer T. and Michel E.: LHRH analogues for male 
fertility control: Experiments in monkeys and men. 
J. steroid Biochem. 20 (1984) Abst. 1374. 

47. Swerdloff R. S. and Bhasin S.: Suppression of gonadal 
function by constant infusion of GnRH agonist in the 
human male: A potential approach towards male 
contraception. J. steroid Biochem. 20 (1984) 1374, 
(abstract). 

48. Spiliotis B. E., Lee B. C., Brown T. J., Pineda J. L., 
Vale W., Rivier J., Nixon W., Reid R. and Bercu 
B. B.: Effect of a potent GnRH antagonist on pulsatile 
secretion in the male subhuman primate (macaque) J. 
Androl. 4 (1983) Abstract No. 46. 

49. Weinbauer G. F., Surmann F. J., Akhtar F. B., Vickery 
B. H. and Nieschlag E.: Inhibition of male reproductive 
functions under longterm sustained release of an 
LHRH antagonist in a non-human primate: J. steroid 
Biochem. 20 (1984) Abstract No. 1410. 

50. Hahn D. W., McGuire J. L. and Vale W.: Antifertility 
with LHRH analogs: in vitro and in vivo evaluations. 
In LHRH and Its Analogs--Contraceptive and Ther- 
apeutic Applications (Edited by B. H. Vickery, J. J. 
Nestor Jr and E. S. E. Hafez). MTP Press, Lancaster 
(1984) pp. 49-60. 

51. Clayton R. N., Harwood J. P. and Catt K. J.: 
Gonadotropin-releasing hormone analogue binds to 
luteal cells and inhibits progesterone production. 
Nature 282 (1979) 90-92. 

52. Clayton R. N. and Catt K. J: Gonadotropin-releasing 
hormone receptors: Characterization, physiological 
regulation and relationship to reproductive function. 
Endocr. Rev. 2 (1981) 186-209. 

53. Jones R. C.: Local antifertility effect of luteinizing 
hormone-releasing hormone. Contraception 20 (1980) 
569 578. 

54. Sundaram K. and Bardin C. W.: Antisteroidal actions 
of LHRH agonists. In LHRH and Its Analogs-- 
Contraceptive and Therapeutic Applications (Edited by 
B. H. Vickery, J. J. Nestor Jr and E. S. E. Hafez). MTP 
Press, Lancaster (1984) pp. 197~04. 

55. Rivier J., Rivier C., Perrin M., Porter J. and Vale W.: 
LHRH analogs as antiovulatory agents. In LHRH and 
Its Analogs--Contraceptive and Therapeutic Applica- 
tions (Edited by B. H. Vickery, J. J. Nestor Jr and 

E. S. E. Hafez). MTP Press, Lancaster (1984) 
pp. 11-22. 

56. Nekola M. and Coy D. H.: Physiology of LHRH 
antagonists in females. In LHRH and Its Analogs-- 
Contraceptive and Therapeutic Applications (Edited by 
B. H. Vickery, J. J. Nestor Jr and E. S. E. Hafez). MTP 
Press, Lancaster (1984) pp. 125-136. 

57. Rivier C., Vale W. and Rivier J.: Effects of gonad- 
otropin releasing hormone agonists and antagonists on 
reproductive functions. J. med. Chem. 26 (1984) 
1545-1550. 

58. McRae G. I., Roberts B. B., Worden A., Bajka A. and 
Vickery B. H.: Long-term, reversible suppression of 
oestrus in bitches with nafarelin acetate, a potent 
LHRH agonist. J. reprod. Fert. 74 (1985) _389-397. 

59. Herschler R. C. and Vickery B. H.: The effects of 
[D-Trp6,DesGIylOProNH~LHRH ethylamide on the 
estrous cycle, weight gain and feed efficiency in feedlot 
heifers. Am. J. vet. Res. 42 (1981) 1405-1408. 

60. Fraser H. M., Laird N. C. and Blakely D. M.: 
Decreased pituitary responsiveness and inhibition of 
the luteinizing hormone surge and ovulation in the 
stumptailed monkey (Macaca arctoides) by chronic 
treatment with an agonist of luteinizing hormone- 
releasing hormone. Endocrinology 106 (1980) 452-457. 

61. Bergquist C., Nillius S. J. and Wide L:  Long term 
intranasal luteinizing hormone-releasing hormone ago- 
nist treatment for contraception in women. Fert. Steril. 
38 (1982) 190-193. 

62. Nillius S. J., Bergquist C., Gudmundsson J. and Wide 
L.: Superagonists of LHRH for contraception in 
women. J. steroid Biochem. 20 (1984) Abst. 1373. 

63. Nillius S. J. and Bergquist C.: Superactive LHRH 
agonists for female contraception. In LHRH and Its 
Analogs--Contraceptive and Therapeutic Applications 
(Edited by B. H. Vickery, J. J. Nestor Jr and E. S. E. 
Hafez). MTP Press, Lancaster (1984) pp. 207-218. 

64. Schmidt-Gollwitzer M., Hardt W. and Schmidt- 
Gollwitzer K.: Risks and benefits of LHRH agonists as 
antifertility agents. In LHRH and Its Analogs-- 
Contraceptive and Therapeutic Applications (Edited by 
B. H. Vickery, J. J. Nestor Jr and E. S. E. Hafez). MTP 
Press, Lancaster (1984) pp. 243-254. 

65. Vickery B. H., McRae G. I. and Tallentire D.: Dis- 
parate effects of daily versus continuous administration 
of a potent LHRH agonist on plasma LH levels in 
female rhesus monkeys. Fert. Steril. 39 (1983) Abst. 
417. 

65. Hardt W., Genz T. and Schmidt-Gollwitzer M.: Anti- 
fertility by discontinuous treatment with buserelin in 
women. In LHRH and lts Analogs--Contraceptive and 
Therapeutic Applications (Edited by B. H. Vickery, J. J. 
Nestor Jr and E. S. E. Hafez). MTP Press, Lancaster 
(1984) pp. 235-242. 

66. Viekery B. H., McRae G. I., Sanders L. M., Kent 
J. S. and Nestor J. J. Jr: In vivo assessment of long 
acting formulations of LHRH analogs. In Long Acting 
Contraceptive Delivery Systems (Edited by G. I. 
Zatuchni, A. Goldsmith, J. D. Shelton and J. J. 
Sciarra). Harper & Row, Philadelphia (1984) 
pp. 180-189. 

67. Koyama T., Ohkura T., Kumasaki T. and Saito M.: 
Effect of postovulatory treatment with luteinizing 
hormone-releasing hormone analog on the plasma level 
of progesterone in women. Fert. Steril. 30 (1978) 
549-552. 

68. Lemay A., Labrie F., Belanger A. and Raynaud J. P.: 
Luteolytic effect of intranasal administration of 
o-Ser(TBU)6,Des Gly NH~°--luteinizing hormone- 
releasing hormone ethylamide in normal women. Fert. 
Steril. 31 (1979) 29-34. 

69. Vickery B. H. and McRae G. I.: Effects of continuous 
treatment with superagonists of LHRH when initiated 



LHRH Agonists 791 

at different times of the menstrual cycle in female 
baboons. Int. J. Fert. 25 (1980) 171-178. 

70. Vickery B. H. and McRae G. I.: Antagonism by an 
LHRH agonist of the steroidogenic effects of ex- 
ogenous chorionic gonadotropin in the female primate. 
Life Sci. 27 (1980) 1409-1413. 

71. Casper R. F., Sheehan K. L. and Yen S. S. C.: 
Chorionic gonadotropin prevents LRF-agonist-induced 
luteolysis in the human. Contraception 21 (1980) 
471-478. 

72. Bergquist C., Nillius S. J. and Wide L.: Luteolysis 
induced by a luteinizing hormone-releasing hormone 
agonist is prevented by human chorionic gonadotropin. 
Contraception 22 (1980) 341 347. 

73. Tolis G., Comaru-Schally A. M., Mehta A. E. and 
Schally A. V.: Failure to interrupt established preg- 
nancy in humans by o-Tryptophan-6-1uteinizing- 
hormone-releasing hormone. Fert. Steril. 36 (1981) 
241-242. 

74. Vickery B. H.., McRae G. I. and Stevens V. C.: 
Suppression of luteal and placental function in preg- 
nant baboons with agonist analogs of LHRH. Fert. 
Steril. 36 (1981) 664-668. 

75. Das C. and Talwar G. P.: Pregnancy-terminating 
action of a luteinizing hormone-releasing hormone 
agonist o-Ser(But)6des Glyl°Pro EA in baboons. Fert. 
Steril. 39 (1983) 218-223. 

76. Currie A. J,, Fraser H. M. and Sharpe R. M.: Human 
placental receptors for luteinizing hormone releasing 
hormone. Biochem. biophys. Res. Commun. 99 (1981) 
332-338. 

77. Belisle S., Guevin J,-F., Bellabarba D. and Lehoux 

J.-G,: Luteinizing hormone-releasing hormone binds to 
enriched human placental membranes and stimulates in 
vitro the synthesis of bioactive human chorionic gonad- 
otropin. J. din. Endocr. Metab. 59 (1984) 119-126. 

78. Asch R., Balmaceda J. P. and Borghi M.: The effects 
of LHRH inhibitory analogs in monkeys. In LHRH 
and Its Analogs--Contraceptive and Therapeutic Appli- 
cations (Edited by B. H. Vickery, J. J. Nestor Jr and 
E. S. E. Hafez). MTP Press, Lancaster (1984) pp. 
107-124. 

79. Collins R. L., Sopelak V. M., Williams R. F. and 
Hodgen G. D.: Induction of luteolysis and menstru- 
ation by a GnRH antagonist in primates. Program of 
31st Ann. Meet. Soc. gyn. Invest., San Francisco, CA 
(1984) Abst. 117. 

80. Siler-Khodr T. M., Khodr G. S, Vickery B. H. and 
Nestor J. J. Jr: Inhibition of hCG, cthCG and pro- 
gesterone release from human placental tissue in vitro 
by a GnRH antagonist. Life Sci. 32 (1983) 2741-2745. 

81. Siler-Khodr T. M., Kuehl T. J. and Vickery B. H.: 
Effects of a gonadotropin-releasing hormone antago- 
nist on hormonal levels in the pregnant baboon and on 
fetal outcome. Fert. Steril. 41 (1984) 448-454. 

82. Bex F. J. and Corbin A.: Resistance of the mouse to 
the antifertility effects of LHRH agonists. Life Sci. 30 
(1982) 1263-1269. 

83. Santen R. J., Warner B., Demers L. M., Dufau M. and 
Smith J. A. Jr: Leuprolide therapy for prostatic car- 
cinoma. In LHRH and Its Analogs: Contraceptive and 
Therapeutic Applications (Edited by B. H. Vickery, J. J. 
Nestor Jr and E. S. E. Hafez). MTP Press, Lancaster 
(1984) pp. 351-364. 




